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Announcing 
the ris 


A vital new indication 


LOPID® (gemfibrozil) is now indicated 

for reducing the risk of coronary heart 
disease (CHD) in Type IIb patients with low “ 
HDt*-cholesterol, elevated LDL*-cholesterol 
and triglycerides, and who have had an 
inadequate response to weight loss, diet, 
exercise, and other pharmacologic agents 
such as bile acid sequestrants and nicotinic 
acid. The potential benefit of gemfibrozil in 
treating Type Ila patients who have elevations 
of LDL*-cholesterol as their only lipid abnor- 
mality is not likely to outweigh the risks. 7 


Please see last page of this advertisement for warnings and 
brief summary of prescribing information. 


7 


*HDL, high-density lipoprotein; LDL, low-density lipoprotein 


PARKE-DAVIS 





ew proven way to reduce 
of coronary heart disease 


Proven to reduce nonfatal Safetyt and compliance 
myocardial infarction (MI)! extensively documented 


hn the landmark, 5-year, 4,081-patient Helsinki With over 200 million well-tolerated 


Heart Study, LOPID reduced incidence of patient-therapy days’ experience? plus high- 
nonfatal MI by 37%. Overall, LOPID reduced compliance BID dosage, now is the time— 
measured cardiac endpoints* by 34%. All to let LOPID open the way for your patients. 
patients (including those on placebo) were 


also placed on a cholesterol-reducing diet! LOPID is contraindicated in patients with 


hepatic or severe renal dysfunction, including 
primary biliary cirrhosis; preexisting 
gallbladder diseaset; and hypersensitivity to 
gemfibrozil. LOPID may increase cholesterol 
excretion into the bile leading to cholelithiasis. 
Caution should be exercised when antico- 
agulants are given in conjunction with LOPID. 





* Fatal and nonfatal MI and sudden cardiac death 
TPlease see package insert for appropriate warnings 


References 1. Frick MH, Elo O, Haapa K, et al: Helsinki Heart Study: 
Primary-prevention trial with gemfibrozil in middle-aged men with 
dyslipidemia. N Engl J Med 1987:317:12371245. 2. Data on file, Medical 
Affairs Dept, Parke-Davis. 
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PHARMACOLOGY. Lopid (gemfibrozil capsules and tablets) is a lipid regulating 
decreases serum triglycerides and very low density fipoprotein (VLDL) choles- 
reases high density lipoprotein (HDL) cholesterol. While modest decreases in 
ok W ipoprotein (LDL). cholesterol may be observed with Lopid therapy. 
satment of patients with elevated triglycerides due to Type IV hyperlipoprotei nemia often 
sults ma rise in LDL-cholesterol. LOL-cholestero! leveis in Type ilb patients with elevations 
hath serum LDL-cholesterol and triglycerides are, in general, minimally affected by Lopid ARE GIVEN IN 
atment; however, Lopid usually raises HDL-cholesterol significantly in this group. Lopid SHOULD BE REDUCED TO MAI 
creases levels of high density lipoprotein (HDL) subfractions HDL, and HDL. as well as LEVEL TO PREVENT BLEEDING 
apolipoproteins Aland All. Epidemiological studies have shown that both low HDL-choles- MINATIONS ARE ADVISABLE UN 
terol arid high LDL-cholesterol are independent risk factors for coronary heart disease. PROTHROMBIN LEVEL HAS STABILIZED 
-din the Helsinki Heart Study, a large, randomized, double- blind, placebo-controlled, 4, Carcinogenesis, Mutagenesis, Impairment of Fertility Long-term studies have: 
primary prevention trial in 4081 male patients between the ages of 40 and 55. Lopid therapy been conducted in rats and mice at one and ten times the human dose. The incidence of 
was associated with significant reductions in total plasma triglycerides and a significant benign liver nodules and liver carcinomas was si gnificantly increased in high dose mate rats. 
increase in high density lipoprotein cholesterol. Moderate reductions in total plasma choles- The incidence of liver carcinomas increased also in low dose males, but this increase was not 
terol and low density lipoprotein cholestero! were observed for the Lopid treatment group as statistically significant (p=0.1). In high dose female rats, there was a significant increase in 
whole, but the lipid response was heterogeneous. especially among different Fredrickson the combined incidence of benign, and malignant liver neoplasms. In male and female mice, 
pes. The study involved subjects with serum non- HDL-cholesterol of over 200 mg/dl. and there were no statistically significant differences from controls in the incidence of liver tumors, 
o previous history of coronary heart disease. Over the five-year study period, the Lopid but the doses tested were lower than those shown to be carcinogenic with other fibrates. 
‘group experienced a 34% reduction in serious coronary events (sudden cardiac deaths Male rats had a dose-related and statistically significant increase of benign Leydig cell 
fatal and nonfatal myocardial infarctions) compared to placebo. There was a 37% tumors at 1 and 10 times the human dose i 
duction in nonfatal myocardial infarction. The greatest reduction in the incidence of serious Electron microscopy studies have demonstrated a florid hepatic peroxisome proliferation 
coronary events occurred in Type lb patients who had elevations of both LDL-cholesterol following Lopid administration to the male rat. An adequate study to test for peroxisome 
and total plasma triglycerides. This subgroup of Type Ilb gemfibrozil group patients had a proliferation has not been done in humans but changes in peroxisome morphology have 
Jower mean HDL-cholesterol level at baseline than the Type lla subgroup that had elevations been observed. Peroxisome proliferation has been shown to occur in humans with either of 
f LDL-cholesterol and normal plasma triglycerides. The mean increase in HOL-cholesterol two other drugs of the fibrate class when liver biopsies were compared before and after : 
among the Type llb patients in this study was 12.6% compared to placebo. It is not clear to treatment in the same individual 
extentihe findings of the Hereby Heart Study can be extrapolated to other segments of ‘Administration of approximately three or ten times the human dose to male rats for 10 weeks 
rie acpi poe fed or to Oae a a apasha ie n Lopid han been resulted in a dose-related decrease of fertility, Subsequent studies demonstrated that this 
shown toin ibit peripheral lipolysis and to decrease the hepatic extraction of free fatty acids, efect was eer after a drug-free period of about eight weeks, and it was not transmitted 
is reducing hepatic triglyceride production. Lopid inhibits synthesis and increases Clear- 5, Pregnancy Category B — Reproduction studies have been performed inthe rat at 
vce of VLDL carrier apolipoprotein B, leading to a decrease in VLDL production, doses 3 and Dimes the M man dose. andin the rabbit at 2 and 87 times the human dose. 
Animal studies suggest that Lopid may, in addition to elevating HDL-cholesterol, reduce These studies have revealed no evidence of impaired fertility in females or harm fo the fetus 
ncorporation of long-chain fatty acids into newly formed triglycerides, accelerate turnover due to Lopid. Minor fetotoxicity was manifested by reduced birth rates observed at the high 
d removal of cholesterol! from the liver, and increase excretion of cholesterol in the feces dose levels, No significant malformations were found among almost 400 offspring from 36 
Lopid is well absorbed from the gastrointestinal tract after oral administration. Peak litters of rats and 100 fetuses from 22 litters of rabbits. 
ası a occur in one to two hours yin a plasma half-life of 1.5 hours following mule There are no studies in pregnant women. In view of the fact that Lopid is tumorigenic in 
OSES. etal levels pained proportional to dose and do not demonstrate accumulation maie and female rats, the use of Lopid in pregnancy should be reserved for those patients 
ose time following multiple doses. where the benefit clearly outweighs the possible risk to the patient or fetus. 
Lopid mainly undergoes oxidation of a ring methyl group to successively form a hydroxy- 6 Nursing Mothers — Because of the potential for tumorigenicity shown for gemfibrozil in 
ethyl and a carboxyl metabolite. Approximately seventy percent of the administered rats, a decision should be made whether to discontinue nursing or discontinue the drug, 
uman dose is excreted in the urine, mostly as the glucuronide conjugate. with less than 2% taking into account the importance of the drug to the mother 
x d as unchanged gemfibrozil. Six percent of the dose is accounted for in the feces. 7. Hematologic Changes — Mild hemoglobin. hematocrit and white blood cell decreases 
COSTE ANDICATS INS. 1. Hepatic or severe renal dysfunction, including primary biliary have been opera occasional patieris following tiation of Lopid therapy. However, 
S mene these levels stabilize during long-term administration. Rarely, severe anemia, leukopenia, 
3 eee Meien (See WARNINGS) tromboc toners, and bone | patios hypoplasia have been reported, Therefore, periodic 

y ak i ; R lood counts are recommended during the first 12 months o! id administration. 

WARNINGS. 1. Because of chemical, pharmacological, and clinical similarities between 8 Liver Function — Abnormal liver function tests have been observed occasionally during 

emfibroziland clofibrate, the adverse findings with clofibrate in two large clinical studies Lopid administration. including elevations of AST (SGOT), ALT (SGPT), LDH, bilirubin. and 

ay also apply to gemfibrozil. In the first of those studies, the Coronary Drug Project, 1000 alkaline phosphatase. These are usually reversible when Lopid is discontinued. Therefore 
Ubjects with previous myocardial infarction were treated for five years with clofibrate. There periodic liver function studies are recommended and Lopid therapy should be terminated if 
Wes no diference Ay mortality betwen me clotiorate erat subjects and 30091 placebo- abnormalities persist 
ealed subjects, but twice as many clofibrate-treated subjects leveloped cholelithiasis and 9. Use in Children — Safet 
r ri A . - y and efficacy in children have not been established. 
ERON 2000 & sal noe oner study Conducted öy me Woa nean Organi: ADVERSE REACTIONS. in the double-blind controlled phase of the Helsinki Heart Study, 

A onbrate for f uD} a fol ; 4 a Pe i Are A vee ie a i 2046 patients received Lopid for up to 5 years. In that study, the following adverse reactions 
clofibrate for five years and followed one year beyond. There was a statistically signiicani, were Statistically more frequent in subjects in the Lopid group (placebo incidence in paren- 
2906, higher total mortality in the clofibrate-treated than in a comparable placebo-treated theses): gastrointestinal reactions, 34.2% (23.8%): dyspepsia, 19.6% (11.9%), abdominal 

ntrol Group. The excess mortality was due to a 33% increase in noncardiovascular causes. pain, 98%% (56%). acute appendicitis, 1.2% (0.6%). atrial fibrillation, 0.7% (0.1%). 
malignancy, post-cholecystectomy complications, ana panereaiis: The higher risk Adverse events reported by more than 1% of subjects, but without a significant difference 

e was comirmed. ; between groups (placebo incidence in parentheses) were: diarrhea, 7.2% (6.5%); fatigue, 

3.8% (3.5%); nausea/vomiting, 2.5% (2.1%); eczema, 1.9% {1.2%}; rash, 1 7% (1.3%): 

a 1.5% (1.3%); constipation, 1.4% (1.3%); headache, 1.2% (1 1%}. 

Gallbladder surgery was perlormed in 0.9% of Lopid oe 0.5% of prose. subjects, cote 

2 iih excess, which is not statistically different from the excess of gallbladder surgery obser in 
nie agai tStudy the clofibrate compared to the placebo group of the WHO study. 
pase related mortality showed a 5 Nervous system and special senses adverse reactions were more common in the Lopid 
he placebo group, Her 056) group. These included hypesthesia, pao ees and taste perversion. omer adverse 
the Helsinki Heart Study. the incidence of total malignancies discovered during the trial reactions that were more common among Lopid treatment group Sunjecis au wiere a 
ang inthe 1% yea since the trial was completed was Bo in the Lopid group and 29 in the cousa aohonship wan no t established include cataracts, peripheral vascular disease, and 
placebo group (difference not statistically significant). This includes 5 basal cell carcinomas A : 
Ty the Lopid group and none in the placebo group (p=0.06; historical data predicted an eo aoe STE Logid is causally ca pier finciion tected 
Prpocled 17 gasos n tho placebo group). cl malignancies and Gents! from malignancies hematologic changes (See PRECAUTIONS) ' 
were not statistically different between Lopid and placebo subgroups. Follow-up ofthe Reports of viral and bacterial infections (common cold, cough, urinary tract infections) were 
cere I aa will provide further information on cause-specific mortality mora Connon in gemfibrozil treated piers in other conroled clinical trials of 805 He Aee 
e : Additional adverse reactions that have been reported for gemfibrozil are listed below by 
2: A gallstone prevalence substudy of 450 Helsinki Heart Study participants showed a i Y i i 
_ trend toward agreater prevalence of galistones during the study within the Lopid treatment reat s Znese are categorized according to whether a causal relationship to treatment with 
h 7 : 
pews taor the placebo'group. a 55% excess for the gemfibrozil group). Atrend CAUSAL RELATIONSHIP PROBABLE: Gastrointestinal: cholestatic jaundice; Central Ner ` 
aN aa greal Ae nce oe ja ler surgery was obearved fort è Lopid group (17 vs vous System: dizziness, somnolence, paresthesia, peripheral neuritis, decreased libido, . 
Su pos a ercon) , SHS ee t dg dira er statistically from the increased abe depression, headache: Eye: blurred vision; Genitourinary: impotence; Musculoskeletal: 
ence of cholecystectomy observed in the WHO study in the group treated with clofibrate. myopathy, myasthenia, myalgia, painful extremities, arthralgia, synovitis, rhabdomyolysis 
Both clotibrate and.gemfibrozil may increase cholesterol excretion into the bile leading to (see WARNINGS and Drug Interactions under PRECAUTIONS). Clinical Laboratory: 
ch ane. i eno anias s suspected, gallbladder studies are indicated. Lopid therapy increased creatine phosphokinase, increased bilirubin, increased fiver transaminases (AST 
$ oe gno ey Liebe rly ound ni BETIA tad {seon ALT (SGPT), increased alkaline phosphatase; Hematopoietic: anemia, leukopenia, 
3. Since a reduction of mortality trom coronary artery disease has not been demonstraie one marrow hypoplasia, eosinophilia; immunologic: angioedema, laryngeal edema, 
ind because liver and interstitial cell testicular tumors were increased in rats, Lopid should urticaria; Integumentary: exfoliative dermatitis, rash, dermatitis, pruritus 
dministered only to those patients described in the INDICATIONS AND USAGE section. CAUSAL RELATIONSHIP NOT ESTABLISHED: General: weight loss; Cardiac: extrasystoles: 
3 a lioan sann hia kpk C: not opiained Topo anoula ps gisconinuec, Gastrointestinal: pancreatitis, hepatoma. colitis; Central Nervous System: confusion, convul- 
CONIA AN oag he auton s P O IES wW en anicoagu ants are sions, syncope: Eye: retinal edema: Genitourinary: decreased maie fertility: Clinical Labora- 
‘given in conjunction with Lopid. The dosage of the anticoagulant should be reduced to tory: positive antinuclear antibody: Hematopoietic: thrombocytopenia; Immunologic: 
maintain the prothrombin time at the desired ievel to prevent bleeding complications. anaphylaxis, Lupus-like syndrome. vasculitis; Integumentary: alopecia 
requent prothrombin determinations are advisable until it has been definitely determined GE AND ADMINISTRATION, The recommended dose for adults 1s 1200 mg adminis: 
that the pi atomin level pae odond FF 4 fiovastalin) has bi ted with tered in two divided doses 30 minutes before the morning and evening meal. i 
Concomitant therapy wi pid and Mevacor® (lovastatin) has been associated wit! MANAGEMENT OF OVERDOSE. While there has been no reported case of overdosage, 
iodo! ë, markedly elevated creatine kinase (CK) levels and myoglobinuna, leading symptomatic supportive measures should be taken should it occur. 


high proportion of cases to acute renal failure. In most subjects who have had an i 
isfactory lipid response to either drug alone. the possible benefit of combined therapy References: 1. Frick MH, Elo O, Haapa K, et al: Helsinki Heart Study: Primary prevention 


n and gemfibrozil does not outweigh the risks of severe myopathy, rhabdomyo- trial with gemfibrozil in middle-aged men with dyslipidemia. N Engi J Med 1987,317:1237-1245 
lysis. and acute renal failure (See Drug Interactions). The use of fibrates alone, including 2. Manninen V. Elo O, Frick MH, et al: Lipid alterations and decline in the incidence of 


Lopid: may occasionally be associated with myositis. Patients receiving Lopid and complain- coronary heart disease in the Helsinki Heart Study. JAMA 1988; 260:641-651. 
g j; al evaluation for 3. Nikkila EA: Famitial lipoprotein lipase deficiency and related disorders of chylomicron 




































































































gof pain, tenderness, or weakness should have prompt medic: 
yositis, including serum creatine kinase tevel determination. If myositis is suspected or metabolism. in Stanbury J. B. et al. (eds): The Metabolic Basis of inherited Disease, Sthed.; 
McGraw-Hill, 1983, Chap. 30, pp. 622-642. 3 ae 

Caution — Federal law prohibits dispensing without prescription. ve 
O737GO1. 
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ever so close to the physiology of the heart 


Taking nature as its model, Chorus, merous alternatives 
a new DDD, is designed to optimize Chorus utilizes a 
hemodynamics and to provide the best user-friendly com- 
response to some physicians’ concerns puter-based. sys- 
with other DDD pacemakers. tem. It assists 


DDD pacing effectiveness is optimized 
with atrial sensing. 

Chorus offers A-V synchrony at high 
physiological rates. 





up is ae : 
telemetry, endo 
automatic thresh 


Chorus is designed to detect atrial rates 
as fast as flutter (up to 348 bpm) due toa 
potentially very high 2:1 point; Chorus oe eee l 

can therefore provide a safe response to Chorus offers a variety. of 
the ventricles in case of an atrial tachy- tive and effective features, It 
cardia. 
For high rates during exercise, Choru 

maintains A-V synchrony by minimi- 

zing refractory periods. This solu- 

ion E cookie control of | <P 

retrograde conduction risks. With Ds 

Chorus, PMT can be detected and 

terminated even at frequencies 

below the upper rate. 








Each physician has different 
requirements. 

Chorus offers many 
programming alternatives. 
To simplify programming and 
follow-up, while offering nu- 
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CORONARY ARTERY DISEASE 


I oo a ea PS eae 
Type A Behavior and Survival: A Follow-Up Study of 
-1,467 Patients with Coronary Artery Disease 

‘John C. Barefoot, Bercedis L. Peterson, Frank E. Harrell, 
Mark A. Hlatky, David B. Pryor, Thomas L. Haney, James A. 
Blumenthal, llene C. Siegler, and Redford B. Williams, Jr. 


Patients with documented coronary artery disease were 

assessed for type A behavior and were followed for as long as 

9 years. The relation between type A behavior and survival 

as tested using data from coronary angiography to control 

for disease severity. Among those with poor left ventricular 

function, type A patients had better survival than type B 
‘patients. 





433. 
a of Nifedipine, Propranolol and Isosorbide 
Dinitrate on Angiographic Progression and Regression 
of Coronary Arterial Narrowings in Angina Pectoris 
-Alessandro Loaldi, Alvise Polese, Piero Montorsi, 
Nicoletta De Cesare, Franco Fabbiocchi, Paolo Ravagnani, 
and Maurizio D. Guazzi 


We investigated if nifedipine or propranolol influences coro- 
nary atherosclerosis in 113 patients with proven coronary ar- 
tery disease and effort angina pectoris. Cineangiographic pat- 
terns were examined before and after 2 years of treatment with 
he 2 agents; and a third (control) group of patients received 
osorbide dinitrate for 2 years. The disease evolved to different 
xtents in the 3 groups; nifedipine-treated patients had the 
“least number of stenoses with evidence of progression. 


t Ventricular Dysfunction in Acute Myocardial 
Infarction Due to Isolated Left Circumflex Coronary 


Florence H: Sheehan for the Principal Investigators 


Data from:5 trials of thrombolytic therapy were combined and 
_ contrast ventriculograms of 52 patients with acute myocardial 
infarction were obtained to determine the characteristics of 
egional and global left ventricular dysfunction due to left cir- 
umflex artery stenosis. In patients with a right dominant or 
balanced circulation, the location of left circumflex artery-re- 
ed hypokinesia varied over the entire left ventricular con- 
tour. The large size of the dysfunctional segments suggested 
t eligibility criteria for thrombolytic therapy favor patients 
ith extensive left circumflex artery beds. 


Single-Bolus Injection of Recombinant Tissue-Type 
of? en Activator in Acute Myocardial Infarction 
Ulrich Tebbe, Paul Tanswell, Erhard. Seifried, Werner Feuerer, 
<> Karl-Heinz Scholz, and Karlheinz S. Herrmann 


AG THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 64 













































We studied the performance of a 50-mg intravenous single 
bolus of recombinant tissue-type plasminogen activator on pa-. 
tency and early reocclusion of infarct-related arteries. Com- 
pared with the conventional infusion regimen, the single-bolus 
injection has similar patency rates and kinetics. 


a S 
A New Epidemiologic Classification System for Interim 
Myocardial Infarction from Serial Electrocardiographic . 


es ene 
Richard S. Crow, Ronald J. Prineas, David R. Jacobs, Jr., and 
Henry Blackburn 3 


Direct ECG waveform comparison is a new standardized pro- 
cedure for diagnosing interim myocardial infarction from. 
ECGs classified according to the Minnesota code. To assess its. 
efficacy in epidemiologic studies, we analyzed the use of this. 
procedure in the Multiple Risk Factor Intervention Trial. Out 
findings show that the new approach can be used retrospective- 

ly and that it is suitable for incorporation into computer analy- 
sis programs as well as for statistical analysis. 


462 
Comparison by Quantitative Angiographic Assessment 
of Coronary Stenoses of One View Showing the 
Severest Narrowing to Two Orthogonal Views 

Jacques Lesperance, Gilles Hudon, Carl W. White, Jean 
Laurier, and David Waters 





We compared the accuracy of quantitative coronary arterio- 
graphic measurements in 2 orthogonal views with the view that 
clearly showed the stenosis at its most severe. Because the re- 
sults were only slightly different, we believe that measurements - 
of 1 view should be adequate for routine clinical assessment, 
whereas the orthogonal views may sometimes be used for re~ 
search purposes, 


466 ae ee ar Pee a eee 
A Simplified Approach for Evaluating Multiple Test 
Outcomes and Multiple Disease States in Relation to 
the Exercise Thallium-201 Stress Test in Suspected 
Coronary Artery Disease 

Stewart R Pollock, Denny D. Watson, Robert S. Gibson, 
George A. Beller, and Sanjiv Kaul 


A simplified approach is presented for the interpretation of 

electrocardiographic and thallium-201 imaging data derived’ 
from the same patient during exercise. This approach allows 
determination of the probability of multiple disease states 
based on multiple test outcomes, which is not influenced by — 
potential test dependence when multiple tests are used. Be 














471 
Clinical Course and Long-Term Prognosis o 
neous i 
Samuel J. DeMaio, Jr., Susan H. Kinsella, and 
Nae E. sivermian 











pontaneous coronary artery dissection and provide fol- 
r 16 of 21 previously reported cases of spontaneous 
ry dissection with antemortem diagnosis. The prognosis 
tients surviving the initial event is good, with an 82% 
urvival rate. 


| ARRHYTHMIAS AND CONDUCTION DISTURBANCES 









MS a a a 
| Effect of Selective Intracoronary Antiarrhythmic Drug 
_ Administration in Sustained Ventricular Tachycardia 
7 Peter L. Friedman, Andrew P. Selwyn, Elazer Edelman, and 
Paul J. Wang 


‘The effect of selective intracoronary lidocaine or procainamide 
n on the inducibility of arrhythmia was studied in 3 
nts with sustained monomorphic ventricular tachycardia. 
Our results support the feasibility of tachycardia ablation by 
selective intracoronary administration of ablative agents into 
‘the coronary arterial branch supplying the site of the arrhyth- 
ania’s origin. 

481 ae A E ee EE 
-Physiologic Relation Between Cardiac Cycle and QT 


Duration in Healthy Volunteers 
Brigitte Lecocq, Vincent Lecocq, and Patrice Jaillon 









We performed 2 different studies in healthy young volunteers 
to. determine the relation between QT duration and RR inter- 
-val on the electrocardiogram. Results show that parasympa- 
“thetic tore is the major determinant in QT interval regulation 
and that Bazett’s formula does not allow for an accurate cor- 
rection of QT for heart rate. 
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Stress and Tests as Methods to Identify 

-Patients with Wolff-Parkinson-White Syndrome at Risk 

-of Sudden Death 

-Fiorenzo Gaita, Carla Giustetto, Riccardo Riccardi, Lucia 
Mangiardi, and Antonio Brusca 


- Noninvasive stress and pharmacologic tests with procainamide 
and propafenone were studied in 2 groups of patients as meth- 
ods to identify patients with Wolff-Parkinson-White syndrome 
at risk of sudden death, adopting electrophysiologic study as a 
reference standard. Twenty-four patients with the shortest RR 
interval during induced atrial fibrillation <250 ms were 
judged at risk; 41 patients who did not meet these criteria were 
not considered at risk. Stress and pharmacologic tests showed 
excellent sensitivity and negative predictive value, but low 
specificity and positive predictive value. 


VALVULAR HEART DISEASE 


pi Homeostatic Responses to Transient 

lint Occlusion During Balloon Valvuloplasty 
José Suárez de Lezo, Pedro Montilla, Manuel Pan, Miguel 
Romero, Manuel Sancho, Joaquin Ruiz de Castroviejo, 
Inmaculada Tejero, José Arizón, and José Luis Carrasco, with 
the technical assistance of Ana Rejano and Carlos Martinez 















The hemodynamics of intracardi: 


series of 11 patients with thes antemortem diagno. : 
- balloon mitral or aortic valvuloplasty were analyzed a 
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occlusive periods 










pared with immediate plasma levels of atrial natriureti 
vasopressin and renin activity. Abrupt releases of A 
vasopressin occurred immediately after the intracardia 
sive periods as a response to the acute hemodynamic changes 
observed. Aue 





























CARDIOMYOPATHY 


498 o oeeaaeaii 
Significance of Positive or Negative Thalium-201 
Scintigraphy in Cardiomyopathy 
Thomas W. von Dohlen, L. Michael Prisant, and 
Martin J. Frank 


Myocardial ischemia and fibrosis occur in patients with hyper 
trophic cardiomyopathy but normal coronary arteries: To de 
termine their prevalence and relation with common characte: 
istics, we performed thallium-201 scintigraphy in 28 patic 
with hypertrophic cardiomyopathy. We observed a significant 
number of thallium perfusion abnormalities, which- wer 
strongly associated with potentially lethal arrhythmias and a 
peared to identify patients at increased risk for sudden death 


Piero Tanganelli, Andrea Di Lenarda, Giorgio poe : 
Alessandro Salvi, Furio Silvestri,.Luisa Mestroni, and 
Fulvio Camerini 


We analyzed the morphometric data of. endomyocardi il 
sies of myocardial cells obtained at light microscop 
clinical parameters and prognosis in:52 patients with id 
dilated cardiomyopathy. A significant correlation was 
between the area of myocardial cells and several clinical and 
hemodynamic data, suggesting that endomyocardial biopsy 
may be used both to confirm the clinical diagnosis and to 
tain prognostic information. 


MISCELLANEOUS 
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Two-Dimensional Aortic Root 
Dimensions in Normal Children and Adults 


Mary J. Roman, Richard B. Devereux, Randi Kramer:Fox, 
and John O'Loughlin, with the technical assistance of | 
Mariane Spitzer and June Robins 


We measured aortic root diameters by 2-dimensional aa ) 
diography at the levels of the anulus, sinuses of Valsa 
supraaortic ridge and proximal ascending aorta in a large pop- 
ulation of normal infants, children and adults, and compared 
them with age, gender, body habitus, blood pressure and stroke 
volume, and with M-mode measurements. Aortic root dimen- 
sions are influenced by age and body size but not by blood 
pressure, and aortic root dilatation is overdiagnosed when aor 
tic diameter at the sinuses of Valsalva is compared with M 
mode nomograms. : 


















Alain Nitenberg, Oscar Tavolaro, Daniel Loisance, 
Jean-Marc Foult, Luc Hittinger, Eduardo Aptecar, and 
“Jean-Paul Cachera 


We measured coronary sinus blood flow and coronary resis- 
-tance before and after dipyridamole-induced vasodilation in 2 

“groups of patients (with and without histologic signs of heart 
- “rejection after transplant) and in a control group of subjects. 
< Our most important finding was that coronary flow and resis- 
tance reserve were severely impaired in patients with rejection, 
while they were almost normal in patients without rejection. 
his emphasizes the coronary circulation’s important involve- 
ment in the rejection process. 


519 
Effect of Weight Loss on Coagulation Factors VII and X 
John A. Baron, Jim Mann, and Thérèse Stukel 


We investigated the effect of weight loss on coagulation factors 
VII and X among 114 subjects participating in a 3-month 
weight loss study. After 1 month, weight loss was accompanied 
-by a decrease in both coagulation factors. During the next 2 
months, however, the factors returned to or exceeded the base- 

-line levels despite continued weight loss. We conclude that 
© weight itself does not explain the association between obesity 
< and the coagulation factors. 





: Mechanism of Aitered Pattern of Left Ventricular 
With Aging in Subjects Without Cardiac Disease 
- Thomas R: Downes, Abdel-Mohsen Nomeir, Karen M. Smith, 
` Kathy P. Stewart, and William C. Little 


We examined the factors that may be responsible for the effect 
of aging on the pattern of left ventricular diastolic filling. The 

altered pattern we observed in our elderly subjects may be the 

result of a shift of the passive LV diastolic pressure-volume 
- relation. We conclude that early diastolic filling is reduced in 

-normal elderly subjects even in the absence of coronary artery 
disease. 


528 
pI Echocardiography and Ultrafast Cine 
i oes ene Duie Dymek Eurie 
Chronic Parenchymal Pu Disease 
“Ronald B. Himeiman, Joseph A. Abbott, Edmond Lee, Nelson 
B. Schiller, Nathan C. Dean, and Michael S. Stulbarg 


Doppler echocardiography and ultrafast cine computed tomog- 
raphy were used to assess changes i in right ventricular pressure, 
volume and function in patients with advanced chronic lung 
disease during exercise. Both procedures provided complemen- 
“tary and potentially useful information on right-sided cardiac 
pressures and RV ejection fraction. 








‘anscoronary Techniques and Cardiac Arrhythmias 
Pedro > prugada 
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BRIEF REPORTS 


SEEE of Time- and Fanni Domain-Based 
Measures of Cardiac Paeon Ay in 
Holter Recordings After 3 
J. Thomas Bigger, Jr., Paul Albrecht, mii C. aoas A 
Linda M. Rolnitzky, Joseph L. Fleiss, and Richard J. Cohen 
















































538 EENE E A E LEETE se EEEL E ASS 
Safety of Percutaneous Coronary Atherectomy with 
Deep Arterial Resection 

Kirk N. Garratt, Urs P. Kaufmann, Wiliam D. Edwards, 
Ronald E. Vlietstra, and David R. Holmes, Jr. 
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Prognosis in Peripartum Cardiomyopathy 

Antonio Carvalho, Anselmo Brandao, Eulogio E. Martinez, 
Dimitrios Alexopoulos, Valter C. Lima, Jose L. Andrade, and = 
John A. Ambrose 


542 
Hemodynamic Effects of High Dose Naloxone in 
Congestive Heart Failure 

L. Allen Kindman and Michael B. Fowler 











CASE REPORTS 

545 ; 
Prolonged Ventricular Fibrillation-Salvage Using a New 
Percutaneous Cardiopulmonary System 


Support 
Padraig O'Neill, Teresa Menendez, Robert Hust, MD, Jimmy 
Howell, Rafael Espada, and Antonio Pacifico 


546 
Myxoma Attached Solely to the Tricuspid Vaive 
David J. Cole, William G. Hendren, James D. Sink, and 
Paul H. D'Amato 





547 ci a EE A TE 
Prenatal Diagnosis and Circulatory Characteristics in 
Tetralogy of Fallot with Absent Valve 
Jean-Claude Fouron, David J. Sahn, Robert Bender, Richard. 
Block, Howard Schneider, Patricia Fromberger, Sandy 
Hagen-Ansert, and Pat O. Daily 


549 
Primary Aortic Sarcoma Aortic Dissection 
David S. Borislow, Walter L. Floyd, and David C. Sane 


FROM THE EDITOR 


552 a 
Atherosclerotic Risk Factors—Are There Ten Or s 
There Only One? ae 
William C. Roberts 
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The benefit of antianginal 
protection plus safety... 
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CARDIZEM: A FULLER LIFE 


diltiazem HCl/Marion 


A remarkable safety profile" 


The low incidence of side effects with Cardizem allows patients to feel better. 


Protection against angina attacks'>”’ 
The predictable efficacy of Cardizem in stable exertional* and vasospastic 
angina allows patients to do more. 


A decrease in myocardial oxygen demand 


Resulting from a lowered heart rate-blood pressure product,’ 
Compatible with other antianginals* 


Safe in angina with coexisting hypertension, 
COPD, asthma, or PVD'?** 


*CARDIZEM® (diltiazem HCI) is indicated in the treatment of angina pectoris due fo coronary artery spasm and in the 
management of chronic stable angna (classic effort-associated angina) in patients who cannot tolerate therapy with 
beta-blockers and/or nitrates or who remain symptomatic despite adequate doses of these agents. 


mg 





‘See Warnings and Precautions. 
Please see brief summary of prescribing information on the next page. 1419H8 





CARDIZEM 


diltiazem HCl/Marion 





ANTIANGINAL PROTECTION 


PLUS SAFETY | p 





Usual maintenance dosage range: 180-360 mg/day 


BRIEF SUMMARY 
Professional Use Information 


CARDIZEM® 
(diltiazem HCI) 
30 mg. 60 mg. 90 mg and 120 mg Tablets 
CONTRAINDICATIONS 

CARDIZEM is contraindicated in (1) patients with sick sinus 
syndrome except in the presence of a functioning ventricular 
pacemaker. (2) patients with second- or third-degree AV block 
except in the presence of a functioning ventricular pacemaker, (3) 
patients with hypotension (less than 90 mm Hg systolic). (4) 
patients who have demonstrated hypersensitivity to the drug. 
and (5) patients with acute myocardial infarction and 
pulmonary congestion documented by x-ray on admission. 
WARNINGS 

1. Cardiac Conduction. CARDIZEM prolongs AV node 
refractory periods without significantly prolonging sinus 
node recovery time, except in patients with sick sinus 
syndrome. This effect may rarely result in abnormally slow 
heart rates (particularly in patients with sick sinus 
syndrome) or second- or third-degree AV block (six of 1,243 
patients for 0.48%). Concomitant use of diltiazem with 
beta-blockers or digitalis may result in additive effects on 
cardiac conduction. A patient with Prinzmetal’s angina 
developed periods of asystole (2 to 5 seconds) after a 
single dose of 60 mg of diltiazem 

2. Congestive Heart Failure. Although diltiazem has a 
negative inotropic effect in isolated animal tissue 
preparations, hemodynamic studies in humans with 
normal ventricular function have not shown a reduction 
in cardiac index nor consistent negative effects on 
contractility (dp/dt). Experience with the use of CARDIZEM 
alone or in combination with beta-blockers in patients 
with impaired ventricular function is very limited. Caution 
should be exercised when using the drug in such patients 

3. Hypotension. Decreases in blood pressure associated 
with CARDIZEM therapy may occasionally result in 
symptomatic hypotension. 

4. Acute Hepatic Injury. In rare instances, significant 
elevations in enzymes such as alkaline phosphatase, LOH, 
SGOT, SGPT, and other phenomena consistent with acute 
hepatic injury have been noted. These reactions have 
been reversible upon discontinuation of drug therapy. The 
relationship to CARDIZEM is uncertain in most cases. but 
probable in some. (See PRECAUTIONS.) 

PRECAUTIONS 

General. CARDIZEM (diltiazem hydrochloride) is extensively 
metabolized by the liver and excreted by the kidneys and in 
bile. As with any drug given over prolonged periods, laboratory 
parameters should be monitored at regular intervals. The drug 
should be used with caution in patients with impaired renal or 
hepatic function. In subacute and chronic dog and rat studies 
designed to produce toxicity, high doses of diltiazem were 
associated with hepatic damage. In special subacute hepatic 
studies, oral doses of 125 mg/kg and higher in rats were 
associated with histological changes in the liver which were 
reversible when the drug was discontinued. In dogs. doses of 
20 mg/kg were also associated with hepatic changes, however. 
these changes were reversible with continued dosing. 

Dermatological events (see ADVERSE REACTIONS section) 

may be transient and may disappear despite continued use of 
CARDIZEM. However, skin eruptions progressing to erythema 
multiforme and/or exfoliative dermatitis have also been 
infrequently reported. Should a dermatologic reaction persist, 
the drug should be discontinued 

Drug Interaction. Due to the potential for additive effects. 

caution and careful titration are warranted in patients receiving 
CARDIZEM concomitantly with any agents known to affect 
cardiac contractility and/or conduction. (See WARNINGS.) 

Pharmacologic studies indicate that there may be additive 

effects in prolonging AV conduction when using beta-blockers or 
digitalis concomitantly with CARDIZEM. (See WARNINGS.) 

As with all drugs, care should be exercised when treating 

patients with multiple medications. CARDIZEM undergoes bio- 
transformation by cytochrome P-450 mixed function oxidase. 


Coadministration of CARDIZEM with other agents which follow 

the same route of biotransformation may result in the competi- 
tive inhibition of metabolism. Dosages of similarly metabolized 
drugs, particularly those of low therapeutic ratio or in patients 

with renal and/or hepatic impairment, may require adjustment 

when starting or stopping concomitantly administered CARDIZEM 
to maintain optimum therapeutic blood levels. 

Beta-blockers: Controlled and uncontrolled domestic studies 
suggest that concomitant use of CARDIZEM and beta-blockers 
or digitalis is usually well tolerated. Available data are not 
sufficient, however, to predict the effects of concomitant 
treatment, particularly in patients with left ventricular 
dysfunction or cardiac conduction abnormalities 

Administration of CARDIZEM (diltiazem hydrochloride) 
concomitantly with propranolol in five normal volunteers 
resulted in increased propranolol levels in all subjects and 
bioavailability of propranolol was increased approximately 50% 
If combination therapy is initiated or withdrawn in conjunction 
with propranolol. an adjustment in the propranolol dose may 
be warranted. (See WARNINGS.) 

Cimetidine: A study in six healthy volunteers has shown a 
significant increase in peak diltiazem plasma levels (58%) and 
area-under-the-curve (53%) after a one-week course of cimetidine 
at 1,200 mg per day and diltiazem 60 mg per day. Ranitidine 
produced smaller, nonsignificant increases. The effect may be 
mediated by cimetidine’s known inhibition of hepatic cytochrome 
P-450, the enzyme system probably responsible for the first-pass 
metabolism of diltiazem. Patients currently receiving diltiazem 
therapy should be carefully monitored for a change in 
pharmacological effect when initiating and discontinuing 
therapy with cimetidine. An adjustment in the diltiazem dose 
may be warranted. 

Digitalis: Administration of CARDIZEM with digoxin in 24 
healthy male subjects increased plasma digoxin concentrations 
approximately 20%. Another investigator found no increase in 
digoxin levels in 12 patients with coronary artery disease. Since 
there have been conflicting results regarding the effect of digoxin 
levels, it is recommended that digoxin levels be monitored when 
initiating. adjusting, and discontinuing CARDIZEM therapy to 
avoid possible over- or under-digitalization. (See WARNINGS.) 

Anesthetics: The depression of cardiac contractility. 
conductivity, and automaticity as well as the vascular dilation 
associated with anesthetics may be potentiated by calcium 
channel blockers. When used concomitantly, anesthetics and 
calcium blockers should be titrated carefully 

Carcinogenesis, Mutagenesis, Impairment of Fertility. A 
24-month study in rats and a 21-month study in mice showed 
no evidence of carcinogenicity. There was also no mutagenic 
response in in vitro bacterial tests. No intrinsic effect on fertility 
was observed in rats 

Pregnancy. Category C. Reproduction studies have been con- 
ducted in mice, rats, and rabbits. Administration of doses ranging 
from five to ten times greater (on a mg/kg basis) than the daily 
recommended therapeutic dose has resulted in embryo and 
fetal lethality. These doses, in some studies, have been reported 
to cause skeletal abnormalities. In the perinatal/postnatal 
studies, there was some reduction in early individual pup 
weights and survival rates. There was an increased incidence 
of stillbirths at doses of 20 times the human dose or greater. 

There are no well-controlled studies in pregnant women, 
therefore, use CARDIZEM in pregnant women only if the potential 
benefit justifies the potential risk to the fetus 

Nursing Mothers. Diltiazem is excreted in human milk. One 
report suggests that concentrations in breast milk may approxi- 
mate serum levels. If use of CARDIZEM is deemed essential, an 
alternative method of infant feeding should be instituted 

Pediatric Use. Safety and effectiveness in children have not 
been established. 

ADVERSE REACTIONS 

Serious adverse reactions have been rare in studies carried 
out to date, but it should be recognized that patients with 
impaired ventricular function and cardiac conduction abnormali- 
ties have usually been excluded. 
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In domestic placebo-controlled trials, the incidence of adverse 
reactions reported during CARDIZEM therapy was not greater 
than that reported during placebo therapy. 

The following represent occurrences observed in clinical 
studies which can be at least reasonably associated with the 
pharmacology of calcium influx inhibition. In many cases, the 
relationship to CARDIZEM has not been established. The most 
common occurrences as well as their frequency of presentation 
are: edema (2.4%), headache (2.1%), nausea (1.9%), dizziness 
(1.5%), rash (1.3%), asthenia (1.2%). In addition, the following 
events were reported infrequently (less than 1%) 
Cardiovascular. Angina, arrhythmia, AV block (first degree), 
AV block (second or third degree—see 
conduction warning), bradycardia, 
congestive heart failure, flushing, 
hypotension, palpitations, syncope. 
Amnesia, depression, gait abnormality, 
hallucinations, insomnia, nervousness 
paresthesia, personality change, 
somnolence, tinnitus, tremor. 

Anorexia, constipation, diarrhea, 

dysgeusia, dyspepsia, mild elevations of 

alkaline phosphatase. SGOT, SGPT, and 

LDH (see hepatic warnings), vomiting, 

weight increase. 

Petechiae, pruritus, photosensitivity, 

urticaria 

Other. Amblyopia, CPK elevation, dyspnea, 
epistaxis, eye irritation, hyperglycemia, 
nasal congestion, nocturia, osteoarticular 
pain, polyuria, sexual difficulties 

The following postmarketing events have been reported 
infrequently in patients receiving CARDIZEM: alopecia, gingival 
hyperplasia, erythema multiforme, and leukopenia. However, a 
definitive cause and effect between these events and CARDIZEM 
therapy is yet to be established. 


Nervous System 


Gastrointestinal. 


Dermatologic 


Issued 3/1/88 
See complete Professional Use Information before prescribing. 
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The Heart Of Any Ultrasound 
System Is Its Transducers... 


and COROMETRICS 
offers transducers to 
tneet every cardiac 
application. 


Our Aloka Color Flow Mapping Sys- 

tem employs the most comprehen- 

sive array of transducers available 

today, including the 2.5 MHz, 3.5 

MHz and 5.0 high density imag- 

ing transducers...a 3.5 MHz dual 

function transducer for imaging, PW, 

CW, and high PRF Doppler ... plus a 5.0 

MHz small aperture short focus trans- 

ducer. We currently offer the smallest 
diameter bi-directional transesophageal 
transducer available, and will soon have both 
bi-plane and pediatric transesophageal trans- 
ducers. As your diagnostic requirements grow, 
Corometrics will continue to provide new trans- 
ducers to serve your needs. 


In addition the Aloka 
670 features: 


Multi-function cine memory stores 64 
frames in 2-D, M-Mode or Doppler and can 
reproduce images with no loss of original reso- 
lution. This feature allows slow motion and 
frame by frame a plus bi-plane exami- 
nations in 2-D mode with side by side viewing. 


" tCOMETRICS 


High PRE PW and CW Doppler hand 
the most demanding cardiac diagnos 

pare ations. The advanced measurem 
and calculation functions are easy to opi 
ate, and the results are displayed alo 
with the image on the monitor, or or 
retrieved VTR imag 


Dynamic frequency scanning allo 
for aie frequency near field imagi 
and low frequency far field imagi 
without changing transduce 

This feature, combined with ¢ 
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image quali 

Full range, real-tir 
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Corometrics 
support: 


There is an added benefit built 
into your purchase of a new 
Aloka 870: Corometrics Medi- 
cal Systems, Inc., the company 
that has service, applications, 
and educational resources to 
make the very most of your 
Ultrasound investment. 


Before you oy any Ultrasound 


System, call us for a demon- 
stration of the Aloka 870. 


sasocno The Aloka 870. 
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CORONARY ARTERY DISEASE 


in T ne AEE E E 
Type A Behavior and Survival: A Follow-Up Study of 1,467 
Patients with Coronary Artery Disease 

John C. Barefoot, Bercedis L. Peterson, Frank E. Harrell, Mark A. Hlatky, 
David B. Pryor, Thomas L. Haney, James A. Blumenthal, llene C. Siegler, 
and Redford B. Williams, Jr. 


Patients with documented coronary artery disease, admitted to Duke 
Medical Center between 1974 and 1980, were assessed for type A behav- 
ior pattern and were followed until 1984. The relation of type A behavior 
to survival was tested using data from coronary angiography to control for 
disease severity. Cox model regression analyses demonstrated an inter- 
action (p <0.01 ) between type A behavior and an index of disease severity 
in the prediction of cardiovascular death. Among those with relatively 
poor left ventricular function, patients with type A personalities had better 
survival than type B. This difference was not present among patients with 
better prognoses. Type A behavior did not predict the subsequent inci- 
dence of nonfatal myocardial infarctions. Differential risk modification or 
differential selection into postinfarction status are possible explanations 
for the findings. We suggest that these results need not conflict with the 
proposition that type A behavior plays a role in the pathogenesis of coro- 
nary artery disease. 


433 e eee 
Comparison of Nifedipine, Propranolol and Isosorbide Dinitrate 
on Angiographic Progression and Regression of Coronary 
Arterial Narrowings in Angina Pectoris 

Alessandro Loaldi, Alvise Polese, Piero Montorsi, Nicoletta De Cesare, 
Franco Fabbiocchi, Paolo Ravagnani, and Maurizio D. Guazzi 


This study evaluated the evolution of coronary atherosclerosis (by repeat- 
ed coronary angiography) in relation to 24-month treatment with nifedi- 
pine (39 patients, group 1), propranolol (36 patients, group 2) and isosor- 
bide dinitrate (38 patients, group 3). All patients had proven coronary 
artery disease and classic effort angina. Subjects with evidence of progres- 
sion of old stenoses and appearance of new stenoses were significantly 
_ fewer in group | than in group 2 and 3. The number of narrowings with 
progression was significantly smaller in group | and larger in group 2 
compared to group 3. Thus, nifedipine appeared more protective against 
coronary atherosclerosis than either of the other 2 drugs. Judging by the 
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Help your angina patient fee 
CORGARD SECURE 


_Asingle morning dose of CORGARD provides. : | 
24-hour antianginal protection...security that — 
lasts even into the following morning. 


CORGARD (nadolol tablets) 
Because no time i a good Lime for j 


Please see brief summary. on the adjacent page: 






























_CORGARD* TABLETS 
Nadolol Tablets USP 


DESCRIPTION: CORGARD (nadolol) is a synthetic nonselective beta-adrenergic receptor block- 
ing agent. 

CONTRAINDICATIONS: Bronchial asthma, sinus bradycardia and greater than first degree con- 
duction block, cardiogenic shock, and overt cardiac failure (see WARNINGS). 


WARNINGS: Cardiac Failure—Sympathetic stimulation may be a vital component supporting 
Circulatory function in congestive heart failure, and its inhibition by beta-blockade may precipitate 
‘more severe failure. Although beta-blockers should be avoided in overt congestive heart failure, if 
“necessary, they can be used with caution in patients with a history of failure who are well- 
compensated, usually with digitalis and diuretics. Beta-adrenergic blocking agents do not abolish 
the inotropic action of digitalis on heart muscle. IN PATIENTS WITHOUT A HISTORY OF HEART 
FAILURE, continued use of beta-blockers can, in some cases, lead to cardiac failure; therefore, at 
first sign or symptom of heart failure, digitalize and/or give diuretics, and closely observe re- 
sponse, or discontinue nadolol (gradually if possible). 





Exacerbation of ischemic Heart Disease Following Abrupt Withdrawal—Hypersen- 
Sitivity to catecholamines has been observed in patients withdrawn from beta-blocker ther- 
apy; exacerbation of angina and, in some cases, myocardial infarction have occurred after 
abrupt discontinuation of such therapy. When discontinuing chronic use of nadolol, particu- 
larly in patients with ischemic heart disease, gradually reduce dosage over a 1- to 2-week 
Period and carefully monitor the patient. Reinstitute nadolol promptly (at least temporarily) 
and take other measures appropriate for management of unstable angina if angina markedly 
_ worsens or acute coronary insufficiency develops. Warn patients not to interrupt or discon- 
tinue therapy without physician's advice. Because coronary artery disease is common and 
may be unrecognized, it may be prudent not to discontinue nadolol therapy abruptly even in 
| patients treated only for hypertension. 















_ Nonallergic Bronchospasm (e.g., chronic bronchitis, emphysema)—PATIENTS WITH 
BRONCHOSPASTIC DISEASES SHOULD IN GENERAL NOT RECEIVE BETA-BLOCKERS. Ad- 
"minister nadolol with caution since it may block bronchodilation produced by endogenous or 
exogenous catecholamine stimulation of beta, receptors. 


Major Surgery—Because beta blockade impairs the ability of the heart to respond to reflex 
‘stimuli and may increase risks of general anesthesia and surgical procedures, resulting in protracted 
-hypotension or low cardiac output, it has generally been suggested that such therapy should be 

withdrawn several days prior to surgery. Recognition of the increased sensitivity to catecholamines 

of patients recently withdrawn from beta-blocker therapy, however, has made this recommenda- 

tion controversial. If possible, withdraw beta-blockers well before surgery takes place. In emer- 

gency surgery, inform the anesthesiologist that the patient is on beta-blocker therapy. Use of 
- beta-receptor agonists such as isoproterenol, dopamine, dobutamine, or levarterenol can reverse 
the effects of nadolol. Difficulty in restarting and maintaining the heart beat has also been reported 
with beta-adrenergic receptor blocking agents. 


Diabetes and Hypoglycemia—Beta-adrenergic blockade may prevent the appearance of pre- 
monitory signs and symptoms (e.g., tachycardia and blood pressure changes) of acute hypogly- 
cemia. This is especially important with labile diabetics. Beta-blockade also reauces release of 
insulin in response to hyperglycemia; therefore, it may be necessary to adjust dose of antidiabetic 
drugs. 




















Thyrotoxicosis—Beta-adrenergic blockade may mask certain clinical signs (e.g., tachycardia) 
of hyperthyroidism. To avoid abrupt withdrawal of beta-adrenergic blockade which might precipi- 
late a thyroid storm, carefully manage patients suspected of developing thyrotoxicosis. 


PRECAUTIONS: Impaired Renal Function—Use nadolol with caution (see DOSAGE AND AD- 
__ MINISTRATION section of package insert). 


Information for Patients—Warn patients, especially those with evidence of coronary artery 
insufficiency, against interruption or discontinuation of nadolol without physician's advice. Although 
_ cardiac failure rarely occurs in properly selected patients, advise patients being treated with beta- 
T adrenergic blocking agents to consult physician at first sign of impending failure. Advise patients 
in event of missed doses. 


Drug Interactions—Concurrent administration may result in interactions with: Anesthetics, 
general—exaggeration of the hypotension induced by general anesthetics (see WARNINGS, Ma- 
__. jor Surgery). Antidiabetic drugs (oral agents and insulin)—hypoglycemia or hyperglycemia; adjust 
antidiabetic drug dosage accordingly (see WARNINGS, Diabetes and Hypoglycemia). Cate- 
cholamine-depleting drugs (e.g., reserpine)—additive effect; monitor closely for hypotension and/or 
excessive bradycardia. 

Mutagenesis, Impairment of Fertility—in 1 to 2 year oral toxicologic stud- 
ies in mice, rats, and dogs, nadolol did not produce significant toxic effects. In 2-year oral carcino- 
_ genic studies in rats and mice, nadolol did not produce neoplastic, preneoplastic, or nonneoplastic 
pathologic lesions. 

Pregnancy C—In animal reproduction studies with nadolol, evidence of embryo- and 
felotoxicity was found in rabbits (but not in rats or hamsters) at doses 5 to 10 times greater (on a 
mg/kg basis) than maximum indicated human dose; no teratogenic potential was seen in any of 
these species. There are no well-controlled studies in pregnant women; therefore, use nadolol in 
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Pregnantwomen only if potential benefit justifies potential risk to the fetus. Neonates of motherswho 
received nadolol at parturition have exhibited bradycardia, hypoglycemia and associated symptoms. 

Nursing Mothers—Nadolo! is excreted in human milk. Exercise caution when nadolol is 
administered to a nursing woman. 


Pediatric Use—Satety and effectiveness in children have not been established. 


ADVERSE REACTIONS: Most adverse effects have been mild and transient and have rarely 
required nadolol withdrawal. 


Cardiovascular—Bradycardia with heart rates of less than 60 beats per minute occurs com- 
monly, and heart rates below 40 beats per minute and/or symptomatic bradycardia were seen in 
about 2 of 100 patients. Symptoms of peripheral vascular insufficiency, usually of the Raynaud 
type, have occurred in approximately 2 of 100 patients. Cardiac failure, hypotension, and rhythm/ 
conduction disturbances have each occurred in about 1 of 100 patients. Single instances of first 
degree and third degree heart block have been reported; intensification of AV block is a known 
effect of beta-blockers (see also CONTRAINDICATIONS, WARNINGS, and PRECAUTIONS). Cen- 
tral Nervous System—Dizziness or fatigue reported in approximately 2 of 100 patients; paresthe- 
sias, sedation, and change in behavior reported in approximately 6 of 1000 patients. 
Respiratory—Bronchospasm reported in approximately 1 of 1000 patients (see CONTRAINDI- 
CATIONS and WARNINGS). Gastrointestinal—Nausea, diarrhea, abdominal discomfort, consti- 
pation, vomiting, indigestion, anorexia, bloating, and flatulence each reported in 1 to 5 of 1000 
patients. Miscellaneous— Each of the following reported in 1 to 5 of 1000 patients: rash; pruritus; 
headache; dry mouth, eyes, or skin; impotence or decreased libido; facial swelling; weight gain; 
slurred speech; cough; nasal stuffiness; sweating; tinnitus; blurred vision; infrequent reversible 
alopecia. 

The following adverse reactions have been reported in patients taking nadolol and/or other 
beta-adrenergic blocking agents, but no causal relationship to nadolol has been established. 
Central Nervous System—reversible mental depression progressing to catatonia; visual dis- 
turbances; hallucinations; an acute reversible syndrome characterized by disorientation for time 
and place; short-term memory loss, emotional lability with slightly clouded sensorium; decreased 
performance on neuropsychometrics. Gastrointestinal—mesenteric arterial thrombosis; ischemic 
colitis; elevated liver enzymes. Hematologic—agranulocytosis; thrombocytopenic or nonthrom- 
bocytopenic purpura. Allergic—fever combined with aching and sore throat; laryngospasm; 
respiratory distress. Miscellaneous— pemphigoid rash; hypertensive reaction in patients with 
pheochromocytoma; sleep disturbances; Peyronie's disease. The oculomucocutaneous syndrome 
associated with practolol has not been reported with nadolol. 


OVERDOSAGE: Nadolo! can be removed from the general circulation by hemodialysis. In addi- 
tion to gastric lavage, employ the following measures as appropriate. In determining duration of 
corrective therapy, take note of long duration of effect of nadolol. 

Excessive Bradycardia—Administer atropine (0.25 to 1.0 mg). If there is no response to vagal 
blockade, administer isoproterenol cautiously. 

Cardiac Failure—Administer a digitalis glycoside and diuretic. It has been reported that glucagon 
may also be useful in this situation. 

Administer vasopressors, e.g., epinephrine or levarterenol. (There is evidence 

that epinephrine may be the drug of choice.) 


Bronchospasm—Administer a beta,-stimulating agent and/or a theophylline derivative. 


DOSAGE-—For all patients, DOSAGE MUST BE INDIVIDUALIZED. 

For angina pectoris, usual initial dose is 40 mg qd; may be gradually increased in 40 to 80 mg 
increments at 3 to 7 day intervals until optimum clinical response or pronounced slowing of the 
heart rate; usual maintenance dose is 40 or 80 mg qd (doses up to 160 or 240 mg daily may be 
needed). If treatment is to be discontinued, reduce dosage gradually over a period of 1 to2 weeks 
(see WARNINGS). 

For hypertension, usual initial dose is 40 mg qd; gradually increase in 40 to 80 mg increments 
until optimum blood pressure reduction is achieved; usual maintenance dose is 40 or 80 mg qd 
(doses up to 240 or 320 mg daily may be needed). 

Patients with renal failure require adjustment in dosing interval; see package insert for dosage 
in these patients. 


For full prescribing information consult package insert. 


HOW SUPPLIED: In scored tablets containing 20, 40, 80, 120, or 160 mg nadolol per tablet in 

bottles of 100. The 40 mg, 80 mg, and 120 mg tablets are available in bottles of 1000 tablets. The 

20 mg, 40 mg, and 80 mg tablets are also available in Unimatic® unit-dose packs of 100 tablets. 
(J4-156) 
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number of progressive narrowings, propranolol was less effective than 
isosorbide dinitrate. This suggests that isosorbide dinitrate retarded the 
progression of the disease or that propranolol worsened it, possibly due to 
unfavorable modifications of serum lipids. 
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Left Ventricular Dysfunction in Acute Myocardial Infarction 
Due to Isolated Left Circumflex Coronary Artery Stenosis 
Florence H. Sheehan for the Principal Investigators 


The characteristics of regional and global left ventricular dysfunction due 
to left circumflex (LC) artery stenosis were determined from the contrast 
ventriculograms of 52 patients studied during acute myocardial infarction. 
The location of LC-related hypokinesia varied over the entire left ventricu- 
lar contour in patients who had either a right dominant or balanced 
circulation. A method was developed to measure hypokinesia in these 
patients, but analysis of dysfunction due to stenosis of an artery of interest 
may be difficult in patients with multiple infarctions. The large size of the 
dysfunctional segment, which approached that of the left anterior de- 
scending coronary artery, suggests that the eligibility criteria for thrombo- 
lytic therapy select patients with extensive LC artery beds. 
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Single-Bolus Injection of Recombinant Tissue-Type 
Plasminogen Activator in Acute Myocardial Infarction 

Ulrich Tebbe, Paul Tanswell, Erhard Seifried, Werner Feuerer, Karl-Heinz 
Scholz, and Karlheinz S. Herrmann 


We investigated the effects of a 50-mg intravenous single bolus of recom- 
binant tissue-type plasminogen activator (rt-PA) on patency and early 
reocclusion of infarct-related arteries in 20 patients with acute myocardial 
infarction of <6 hours’ duration. The first angiographic study, performed 
60 minutes after the rt-PA bolus, revealed a completely patent infarct- 
related artery in 15 of 20 patients (75% patency rate). At 24 hours, the 
angiogram showed reocclusion in 4 of 18 patients. One female patient 
developed intracerebral bleeding 48 hours after the rt-PA bolus and died 
later in cardiogenic shock. There were no further bleeding complications. 
These data suggest that a single rt-PA bolus of 50 mg may be as effective 
as rt-PA infusion therapy. The incidence of bleeding complications, how- 
ever, remains to be elucidated. 
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Twice-a-day dosing* to make life easier for your arrhythmia patients. That's the 
Quinidex® advantage. Because, like the heart, Quinidex Extentabs® have been 
uniquely constructed for dependable around-the-clock performance. 





*Some patients may require t.i.d. dosing. 


QUINIDEX 
EXTENTABS 


(Quinidine Sulfate Extended- 
release Tablets, USP) 300 mg 
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Please see adjacent page for brief summary. 


Cosh phibashatas Notie schon i ‘Complete A-Y block. A-V 
‘conduction disorders caused by Sigil intoxication: Aberrant impulses and abnormal 
oo thythms due te escape mechanisms, Idiosynctasy of hypersensitivity to quinidine or 

; ci 


inchona derivatives. Myasthenia gravis. 
< Warnings: in the treatment of atrial futter, reversion to sinus rhythm may be preceded 
by a progressive reduction in the degree g! A-V block to a 1:1 ratio, resuteng nan 
‘extremely rapid ventricular rate. This possible hazard may be reduced by digitalization 
prior, to administration of quinidine, 
Reports in the literature indicate that serum concentrations of digoxin may increase 
‘and may even double when quinidine is administered concurrently. Patients on 
‘concomitant therapy should be carefully monitored for digitalis toxicity. Reduction of 


© digoxin dosage may have to be considered. 


Manitestations of quinidine cardiotoxicity such as excessive pinion ot ot ke aT 


= interval, widening of the QRS complex and ventricular tachyarrhythmias mandal 


9 imediate discontinuation of the drug and/or close clinical and ecrocadographic 
‘monitoring. 
Incsusceptible individuals; such as those with marginally compensated cardiovascular 
case, pen may produce clinically important depression of cardiac function 
ifested by hypotension, bradycardia, or heartblock. Quinidine therapy should be 
careluly monitored in such individuals. 
‘Quinidine should be used with extreme caution in patients with incomplete AV block 
-Sinca complete AV block and asystoie may be produced. Quinidine may cause 
‘abnormalities of cardiac rhythrn in digitalized patients and therefore should be used with 
7 caution in the presence of digitalis intoxication. 
__Quinidine should be used with caution in patients exhibiting renal, cardiac or hepatic 
because of potential accumulation of quinidine in serum, leading to toxicity. 
Patients taking quinidine occasionally have syncopal episodes which usually result 


~ ren ventricular boyada or fibrittation: This syndrome has not been shown to be 


<<" related to dase.or serum levels. Syncopal episades frequently terminate spontaneously or 
` da response to treatment, but sometimes are falat. 
Soo. Gases of hepatotoxicity, including granulomatous hepatitis, due to quinidine 
-hypersensitivity have been reported. Unexplained fever and/or elevation of hepatic 
<- anaythes, particularly in the early stages of therapy, warrant consideration of possible 
“hepatotoxicity. Monitoring liver function during the first 4-8 weeks should be considered. 
Cessation of quinidine in these cases usually results in the disappearance of toxicity. 
‘Precautions: General -Al the precautions applying to regular quinidine therapy 
“apply to this product. Hypersensitivity or anaphylactoid reactions to quinidine, although 
safe, Should be considered, especially during the first weeks of therapy. Hospitalization 
for-tlase clinical observation, electrocasdiographic monitoring, and determination of 
-seram quinidine levels are indicated when large doses of quinidine are used af with 
patients who present an increased risk. 
=- “iatormation for Patients—As with ail solid dosage medications, Quinidex 
Exentabs should be taken with an adequale amount of fluid, preferably with the patient in 
an Upright position to facilitate swallowing: They should be swallowed whole in order to 
<- preserve the controlied-release mechanisin. 
Laboratory Tests— Periodic blood counts and fiver and kidney function tests should 
De performed during long-term therapy; the drug shouid be discontinued if blood 


fe eee Obes of hepat or tenal dystuncllon occurs 


interaction: 


Efiect 
:-Quinidinè with anticholinergic drugs Additive vagolytic effect 
‘Quinidine with cholinergic drugs Antagonism of cholinergic eflects 
‘Quinidine with carbonic antiy- Alkaliniation of urine 














~- drase inhibitors, sodium resulting in decteased 
bicarbonate, thiazide diuretics excretion of quinidine 

Quinidine with coumarin Reduction of clotting 
anticoagulants factor concentrations 

‘Quinidine with tubocurare, Polentiation of neuro- 







‘succinylcholine and muscular blockade 


< = Gecamethoniom 
Quinidine with phenothiazines Additive cardiac 
‘ahd reserpine depressive effects 
Quinidine m hepatic enzyme- 
inducing drugs (phenobarbi 


aki j obia 
‘Quinidine with digoxin 


Quinidine with amiodarone 
~“Quinidine with cimetidine 


` Quinidine with ranitidine 
; Quinidine with verapamil 










Decreased plasma 
ital, half-life of quinidine 


Increased serum concentration of 
digoxin (See Warnings} 
fncreased serum concentration of quinidine 
Prolonged quinidine half-life and an 
increase in serum quinidine tevel 
Premature ventricular contractions 
and/or bigeminy 
increased quinidine half-life and an increase in 
serum quinidine level, potential 
hypotensive reactions 
auntie with nifedipine Decreased serum concentrations of quinidine 
Carcinogenesis: Studies in animals have not been performed to evaluate the carcino- 
‘genic potential of quinidine. 
s Teratogenic Effects: Pregnancy Category C. Animal reproduction 
‘Studies have nol been conducted with quinidine. There are no adequate and well- 
tontrolled Studies in pregnant women. Quinidex Extentabs should be administered to a 
‘pregnant woman only it clearty indicated. 
x ic Effects: Like quinine, quinidine has been reported to have oxytocic 
pipers. The significance of this property in the clinical setting has not been 


“Labor and Delivery- There is no known use tor Quinidex Extentabs in labor and 
delivery, However, quinidine has been reported to have oxytocic properties. The 
significance ol this property in the chìnical setting has not been established. 
thers- Because of passage of the drug into breast milk, caution shouid 
be exercised when Quinidex Extentabs are administered ta a nursing woman. 
$ Use- There are no adequate and well-controlled studies establishing the 
safely and effectiveness of Quinidex Extentabs in chitdren. 
Adverse Reactions: Symptoms of cinchonism, such as ringing in the ears, loss of 
x dizziness, lightheadedness, headache, nausea, and/or disturbed vision may 
. appear in sensitive patients alter a single dose of the drug. The most frequently 
encountered side eects to quinidine are gastrointestinal. 
Gastrointestinal- Nausea, vomiting, abdominal pain, diarthea, anorexia, 
itis. 
icular extrasystoles occurring at a rate of one or more every 6 
normal beats: dering ol the ORS complex and prolonged OT interval; complete A-V 
‘block; ventricular tachycardia and fibrillation; ventricular tutter; torsade de pointes; 
arterial embolism, hypotensi 


ion, syncope. 
System veadacke, vertigo, apprehension, excitement, 
‘confusion, delirium, Sener ataxia, depression. 
roa en ‘and Otologic.- Disturbed hearing (tinnitus, decreased auditory 
bed vision (mydriasis, blurred: vision; disturbed color perception 
; diplopia, night blindness, scotomala), optic neuritis, reduced visual field. 
 Dermatologic-—-Cutaneous flushing with intense pruritus, photosensitivity, urticaria, 
tash; eczema, extoliative eruptions, psoriasis, ities of pigmentation. 
/-- Anginetiema, acule asthmatic episode, vascular collapse, respira- 
tory arrest, hepatotoxicity. granulomatous hepatitis (See Warnings). purpura, vasculitis. 
Hematologic Thrombocytopenia, thrombocytopenic purpusa, agranulocytosis, 
i namia, kocine, shift to left in WBC 


er na tpus erythematosus, lupus nephritis. 
Miscellancous—Feeer, i increase in serum. Skeletai muscle creatine phosphokinase, 
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Evidence directly linking 
elevated cholesterol and CAD 
made you take a closer look 
at lipid levels 


BUT THERE’S 
MORE... 





Lorelco i is indicated for the reduction of elevated serum cholesterol in 
patients with primary hypercholesterolemia, as an adjunct to diet. 
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Lorelco (probucol) 
offers proven long- 


term cholesterol- 


lowering efficacy * 
e Reduces total cholesterol by 


up to 27%'? 
e Maintains lower levels, as 
proven over a 12-year period? 


e Provides the assurance of 
extensive clinical experience 


*The effect of probucol-induced reduction 
of serum cholesterol or triglyceride levels 

or reduction of HDL-cholesterol levels on 
morbidity or mortality due to coronary heart 
disease has not been established. 

References: 1. SAfr Med J 1982;62:7-11. 2. Arch Intern Med 1981;141;1428-1432. 
3. Data on file, MERRELL DOW PHARMACEUTICALS INC., Cincinnati, Ohio 45242. 
9553. 4. Am J Cardiol 1988;62:31B-36B. 5. Atherosclerosis 1986;62:209-217. 

6. Proc Nati Acad Sci USA 1987;84:5928-5931. 7.J Clin Invest 1986;77:641-644. 
8. Proc Natl Acad Sci USA 1987;84:7725-7729. 9. Am J Cardiol 1988;62:6B-12B. 
10. Am J Cardiol 1986;57:16H-21H. 11. Am J Cardiol 1988;62:57B-59B. 12. Am J 
ario 1988;62:66B-72B. 13. ot J Cardiol 1988;62:73B-76B. 


4, Am J Cardiol 1988;62:52B-5: 


Lorelco affects 


cholesterol in 
unique ways' 


è /nhibits the oxidative 


modification of LDL*'° 
e Enhances HDL-mediated 
reverse cholesterol transport+s?.'""! 


tUnique modes of action suggested by recent 


in vitro studies and human and/or animal 
in vivo data; clinical significance, however, is not 


yet established. 
These effects of probucol on LDL- (increase in cat- 
abolic rate) and HDL-cholesterol may be linked to ti 
observed increased excretion of fecal bile acids, a 
final metabolic pathway for elimination of cholestero 
from the body. (See Clinical Pharmacology.) 

§The probable benefits obtained from LDL-cholestero 
reduction must be weighed against the possible risk 
of a reduction in HDL-cholesterol when assessing the 
response of each patient receiving treatment with 
Lorelco. If satisfactory lipid alteration is not achieved, 
the drug should be discontinued. (See Precautions. 
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PROBUCOL. 
re il 


Lorelco provides 
important patient 
compliance benefits 
è Convenient dosage—just one 
500 mg tablet b.i.d. with meals 


e Well tolerated—the most 
frequent side effect is loose stools, 






which occurs in about one in ten 
à patients and generally subsides 
during continued therapy. PR OBUCOL 
See Prescribing Information for SOO hg koets he cree 
TAKES YOU TO THE NEXT LEVEL 


full discussion of side effects. 
OF CHOLESTEROL CONTROL 


e Fconomical—can offer signifi- 

cant cost savings vs most other 
cholesterol-lowering therapies 
Lorelco is not an innocuous drug and strict 
attention should be paid to the Indications, 


Contraindications, Warnings, and Precautions 
sections of Prescribing Information. 
Merrell Dow U.S.A. 


See Prescribing Information appearing on next page. 


Lorelco” Tablets (probucol) 


CAUTION: Federal law prohibits dispensing without prescription. 


DESCRIPTION: Loreico (probucol) film-coated tablets for oral administration contain 250 mg or 500 mg of probucol per 
tablet. Each tablet also contains as inactive ingredients: corn starch. ethylcellulose, glycerin. hydroxypropyl cellulose. 
hydroxypropyl methylcellulose 2910, iron oxide, lactose, magnesium stearate. microcrystalline cellulose. polysorbate 80, talc. 
and titanium dioxide. Loretco is an agent tor the reduction of elevated serum cholesterol. The chemical name is 4.4'-[(t-methyl- 
ethylidene}bis{thio)|bis(2.6-bis(t, 1-dimethyi- Gene Ermit 
ethyl)phenol]. its chemical structure does not agia k a je, 
resemble that of any other available cho- foal f 3 po 


lesterol-towering agent. It is lipophitic nO -S-C-S on 
\ i / 
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CLINICAL PHARMACOLOGY: Lorelco lowers total serum cholesterof and has relatively little effect on serum triglycerides 
Patients responding to probucol exhibit a decrease in low-density lipoprotein (LDL) cholesterol. Cholestero! is reduced not only 
in the LOL fraction, but also in the high-density lipoprotein (HDL) fraction with proportionately greater effect on the high-density 
ortion, Epidemiologic studies have shown that both low HDL-cholesterol and high LDL-cholesterol are independent risk factors 
lor coronary heart disease. The risk of fowering HDL-cholesterol while towering LDL-cholesterol remains unknown. There is tittle 
or no effect reported on very low-density lipoprotein (VLDL) 
Studies on the mode of action of Lorelco indicate that it increases the fractional rate of LDL catabolism. This effect may be linked 
to the observed increased excretion of fecal bile acids, a final metabolic pathway tor the elimination of cholesterol from the body. 
Loreico also exhibits inhibition of early stages of cholesterol biosynthesis and slight inhibition of absorption of dietary 
cholesterol. There is no increase in the cyclic precursors of cholesterol, namely desmosterot and 7-dehydrocholesterof. On this 
basis, it is concluded that Lorelco does not affect the later stages of cholesterol biosynthesis 
Absorption of Loretco from the gastrointestinal tract is limited and variable. When it is administered with food. peak blood levels 
are higher and less variable. With continuous administration in a dosage of 500 mg b.i.d., the blood fevels of an individual 
gradually increase over the first three to tour months and thereafter remain tairly constant. in 116 patients treated with Loreico 
for periods of three months to one year, the mean blood level was 23.6 + 17.2 meg/mL f: S.D} ranging to 78.3 meg/mt 
Levels observed after seven years of treatment in 40 patients yielded an average vaiue of 21.5 + 16. Smcg/mi { = S.D} ranging 
to 62.0 mcg/ml. in a separate study in eight patients, blood levels averaged 19.0 mcg/mL at the end of 12 months of treatment 
Six weeks after cessation of therapy, the average had falten by 60%. After six months. the average had fallen by 80% 
in December 1984, a National Institutes of Health Consensus Development Conference Paneli concluded that lowering definitely 
elevated blood cholesterol levels (specifically blood levels of LDL-cholesterol) will reduce the risk of heart attacks due to 
coronary heart disease. The effect of probucol-induced reduction of serum cholesterol or triglyceride ievels, or reduction of 
HDL-cholesterol levels on morbidity or mortality due to coronary heart disease has not been established 
INDICATIONS AND USAGE: Serious animal toxicity has been encountered with probucol. See WARNINGS and ANIMAL 
PHARMACOLOGY AND TOXICOLOGY sections. Probucol is not an innocuous drug and strict attention should be paid to the 
INDICATIONS, CONTRAINDICATIONS, and WARNINGS. 
Drug therapy should not be used for the routine treatment of elevated blood lipids for the prevention of coronary heart disease. 
Dietary therapy specific tor the type of hyperlipidemia is the initial treatment of choice. Excess body weight may be an important 
factor and should be addressed prior to any drug therapy. ieee exercise can be an important ancillary measure. Contributory 
disease such as hypothyroidism or diabetes mellitus should be locked for and adequately treated. The use of drugs should be 
considered only when reasonable attempts have been made to obtain satisfactory results with nondrug methods. If the decision 
ultimately is to use drugs, the patient should be instructed that this does not reduce the importance of adhering to diet 
The selection of patients for choiesterol-iowering drug therapy shouid take into account other important coronary risk factors 
such as smoking, hypertension, and diabetes mellitus. Consideration should be given to the efficacy, safety. and compliance 
factors for each of the cholestero!-lowering drugs prior to selecting the one most appropriate for an individual patient 
Loreico may be indicated for the reduction of elevated serum cholesterol in patients with primary hypercholesterolemia (Types 
ila and Hb hyperlipoproteinemia),* whose elevated LDL-cholesterol has not responded adequately to diet. weight reduction, and 
controt of diabetes mellitus. Loretco may be useful to lower elevated LDL-cholesterol that occurs in those patients with 
combined hypercholesterolemia and hypertrigiyceridemia (Type lib} due to elevation of both LDL and VLDL, but it is not 
indicated where hypertriglyceridemia is the abnormality of most concern. After establishing that the elevation in serum total 
cholesterol represents a primary lipid disorder, it shouid be determined that patients being considered for treatment with Loretco. 
have an elevated LDL-cholesterol as the cause for an elevated total serum cholesterol. This may be particularly relevant for 
patients with elevated triglycerides or with markedly elevated HDL-cholesterol vatues, where non-L OL fractions may contribute 
significantly to total cholesterol levels without apparent increase in cardiovascular risk. in most patients, LDL-cholesterol may 
be estimated according to the following equation: 
LDL-cholestero! = Total cholesterol ~ {(0.16 x triglycerides} + HDL-cholesterol] 


When total triglycerides are greater than 400 mg/dL, this equation ts iess accurate. in such patients, LOL-cholestero! may be 
obtained by ultracentrifugation 
it is not always possible to predict from the lipoprotein type or other factors which patients will exhibit favorable results. Lipid 
levels, including HDL-cholesterol. should be periodically assessed 
The effect of probucol-induced reduction of serum cholesterol or triglyceride levels. or reduction of HDL-cholesterol levels on 
morbidity or mortality due to coronary heart disease has not been established. 
CONTRAINDICATIONS: (See also WARNINGS and PRECAUTIONS. } Loreico is contraindicated in patients who are known to 
havea hypersensitivity to it. Lorefco is contraindicated in patients with evidence of recent or progressive myocardial damage or 
findings suggestive of serious ventricular arrhythmias or with unexplained syncope or syncope of cardiovascular origin. 
Loreico is contraindicated in patients with an abnormally iong QT interval. 
WARNINGS: SERIOUS ANIMAL TOXICITY HAS BEEN ENCOUNTERED WITH PROBUCOL IN RHESUS MONKEYS FED AN 
ATHEROGENIC DIET AND IN BEAGLE BOGS. (SEE ANIMAL PHARMACOLOGY AND TOXICOLOGY SECTION ) 
Prolongation of the QT interval can occur in patients on Loreico. Serious arrhythmias have been seen in 
association with an abnormally long QT interval in patients on Loreico alone and in patients on Lorelco 
and a concomitant antiarrhythmic drug. The following precautions are deemed prudent 
1. Patients shouid be advised to adhere to a iow cholesterol, iow tat diet al the start of treatment with Loreice and throughout the 
treatment period 
2. An ECG should be done prior to starting treatment and repeated at appropriate intervals during treatment. if an abnormally 
long QT interval is observed, the possible benefits and nsks should be carefully considered before making a decision to 
continue Loreico 
Loreico therapy shouid be discontinued or not started if the QT interval at an observed heart rate on a resting ECG is 
persistently more than one of the values Isted below 
QT interval in sec (15% above the 


Observed Heart Rate upper hmit of normal)’ 








{beats/min} Maies Females 
40 0.56 0.58 
50 0.52 0.53 
60 0.49 0.50 
70 0.45 0.47 
80 0.43 0.44 
86 0.42 6.43 
92 0.40 0.41 

100 0.39 0.40 
109 0.37 0.38 
120 0.36 0.36 
133 0.34 0.35 


ee calculated from Burch GE, Winsor T. A primer of efectrocardiography. Philadelphia, PA Lea and Febiger: 1958: p. 
272 (Table 6) 


3. Patients developing unexplained syncope or syncope of cardiovascular origin should have Loretco therapy discontinued and 
should have ECG surveillance 

4, Drugs that prolong the QT intervai are more likely to be associated with ventricular tachycardia after 
a. An increase in the dose of the orog 
b. Addition of a second drug that prolongs the QT interval (including tricyclic antidepressants. class Land II antiarrhythmics, 

and phenothiazines). 

c. Hypokalemia or hypomagnesemia R 
d. Severe bradycardia due to intrinsic heart disease or drug effects on the atrial rate (beta-blockers) or AV block (digoxin) 
e. Development of recent or acute myocardial infarction, ischemia, or intlammation 


The use of Loreica in patients receiving any of these drugs should be based on the conclusion that 
alternate methods of hypocholesterolemic therapy are either ineffective or not tolerated, and the poten- 
tial benefits of cholesterol lowering outweigh the risk of serious arrhythmia. 


The following conditions should be resolved or corrected prior to initiation of therapy with Loreico. 

a. Hypokalemia 

b. Hypomagnesemia 

c. Severe bradycardia due to intrinsic heart disease or drug effects on the atriai rate (beta-blockers) or AV block (digoxin) 

d. Recent or acute myocardial infarction, ischemia, or inflammation 
PRECAUTIONS 
General: Before instituting therapy with Loretto. adequate baseline studies should be performed to determine that the patient 
has persistently elevated total and LDL-cholesterol levels representing a primary lipid disorder. and that the increased 
cholesterol is not due to secondary conditions such as hypothyroidism, poorly controlled diabetes mellitus, obstructive liver 
disease, nephrotic syndrome, or dysproteinemias. Serum lipid levels, none HDL-cholesterol. should be determined atter an 
overnight fast before treatment. during an adequate trial of diet and weight reduction therapy prior to addition of drug therapy. 
and periodically during combined diet and drug therapy, including assessment during the first several months of drug treatment 
A tavorabte trend in lipid levels should be evident during the first three to tour months of administration of Loreico, and if 
Satisfactory lipid alteration is not achieved. the drug should be discontinued. Loreico lowers serum total and LDL-cholesterol, 
and also lowers HDL-cholesterol in most patients with elevated LDL-cholesterol. Epidemiologic studies within hyper- 
cholesteroiemic populations have shown that serum HDL-cholestero! is an independent. inversely correlated. risk factor for 
coronary heart disease (see CLINICAL PHARMACOLOGY), Human studies which will attempt to confirm or deny the hypothesis 
that drug-induced alteration in HDL-cholesterol affects cardiovascular risk are currently under evaluation it is not known 
whether Lorelco-induced reduction of serum HDL-cholesterol will affect cardiovascular risk since no long-term. controlled 
clinical trials of Loreico for the prevention of coronary heart disease. similar to the LRC-CPPT (see CLINICAL STUDIES). have 
been performed. The probable benefits obtained trom LDL-cholesterol reduction must be weighed against the possible risk of a 
reduction i HDL-cholesterol when assessing the response of each patient receiving Loreico treatment. if satisfactory tipid 
alteration is not achieved, the drug shoufd be discontinued 


information for Patients: The patient should be instructed to adhere to a prudent diet. Females should be cautioned agains 
becoming pregnant for at feast six months after discontinuing Lorelco and should not breast-feed their infants during therap 
with Loreico. 

Laboratory Tests: The physician shouid schedule periodic blood lipid determinations and periodic ECGs. (See WARNINGS. 
Elevations of the serum transaminases (SGOT, SGPT). bilirubin, alkaline phosphatase, creatine phosphokinase, uric acid, bloo 
urea nitrogen, and blood glucose above the normal range were observed on one or More occasions in various patients treate 
with Lorelco. Most often these were transient and/or could have been related to the patient's clinical state or other modes c£ 
therapy. Although the basis for the relationship between Loreico and these abnormalities is not firm, the possibility that some ¢ 
these are drug related cannot be excluded. In controlled trials, the incidence of abnormal laboratory values was no higher in th: 
patients treated with Loreico than in the patients who received placebo. If abnormal laboratory tests persist or worsen. if clinica 
signs consistent with the abnormal laboratory tests develop, or if systemic manifestations occur. Loreico shouid be discon 
tinued 

Drug Interactions: The addition of clotibrate to Loreico 1s not recommended, since the lowering effect on mean serum level 
of either LDL or total cholesterol is generally not significantly additive and, in some patients, there may be a pronounce: 
lowering of HDL-cholesterol. 

Neither oral hypoglycemic agents nor oral anticoagulants alter the effect of Loretco on serum cholesterol, The dosage of thes: 
agents is not usually modified when given with Lorelco. 

Monkeys fed a high fat, high cholesterol diet admixed with probucol exhibited serious toxicity. (See WARNINGS and ANIMAL 
PHARMACOLOGY AND TOXICOLOGY sections.) Prolongation of the QT interval can occur in patients on Loreico and seriou: 
arrhythmias have been seen in association with an abnormally long OT interval in patients on Lorelco. The addition of a secont 
drug that proiongs the QT interval {including tricyclic antidepressants, class | and lil antiarrhythmics, and phenothiazines) mar 
increase the risk of serious arrhythmia. (See CONTRAINDICATIONS AND WARNINGS.) 

Carcinogenesis, Mutagenesis, impairment of Fertility : 

in chronic studies of two years’ duration in rats, no toxicity or carcinogenicity was observed. These results are consistent witt 
the lack of any adverse effect on fertility and the negative findings in tests for mutagenic activity in rats. 

Pregnancy 

Teratogenic Effects i . 
Pregnancy~~Category B: Reproduction studies have been performed in rats and rabbits at doses up to 50 times the humai 
dose, and have revealed no evidence of impaired fertility or harm to the fetus due to probucol. There are, however, no adequat: 
and well-controlled studies in pregnant women. Because animal reproduction studies are not always predictive of huma! 
response, this drug should be used during pregnancy only if clearly needed. Furthermore, if a patient wishes to becom 
pregnant, it is recommended that the drug be withdrawn and birth contro! procedures be used for at least six months because 0 
persistence of the drug in the body for prolonged periods. (See CLINICAL PHARMACOLOGY.) 

Labor And Delivery: The effect of Lorelco on human labor and delivery is unknown 


Nursing Mothers: it is not known whether this drug is excreted in human mitk, but it is likely, since such excretion has bee: 
shown in animals. It is recommended that nursing not be undertaken while a patient is on Loreico. 


Pediatric Use: Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS 
Gastrointestinal 
diarrhea or loose stools, flatulence, abdominal pain, nausea, vomiting. indigestion, gastrointestinal bleeding 
Cardiovascular 
prolongation of the OT interval on ECG. syncope. ventricular arrhythmias (ventricular tachycardia, torsades de pointes 
ventricular fibrillation). sudden death 
Neurologic 
headache, dizziness, paresthesia. insomnia, tinnitus, peripheral neuritis 
Hematologic 
eosinophilia, low hemogiobin and/or hematocrit. thrombocytopenia 
Dermatologic 
fash, pruritus, ecchymosis. petechtae, hyperhidrosis, fetid sweat 
Genitourinary 
impotency, nocturia 
Ophthalmic 
conjunctivitis, tearing, blurred vision 
Endocrine 
enlargement of multinodular goiter 
idiosyncrasies } 
observed with initiation of therapy and characterized by dizziness, palpitations, syncope. nausea. vomiting and chest pair 
Other 
diminished sense of taste and smell, anorexia, angioneurolic edema 
DRUG ABUSE AND DEPENDENCE: No evidence of abuse potential has been associated with Lorelco, nor is ther 
evidence of psychological or physical dependence in humans 
OVERDOSAGE: There is a single report of a 15-kg, three-year-old, male child who ingested 5 g of probucol. Emesis wa: 
induced by ipecac. The child remained well, apart from a brief episode of loose stools and flatulence. No specific informatiot 
is available on the treatment of overdosage with Loreico and no specific antidote is available. Probucol is not dialyzabie 
Treatment is symptomatic and supportive. Probucol has shown no identifiable acute toxicity in mice and rats. in thesi 
animals the LD,, {oral} is in excess of 5 g/kg of body weight 
DOSAGE AND ADMINISTRATION: For adult use only. The recommended and maximal dose is 1000 mg daily given i 
two divided doses of 500 mg each itwo 250 mg tablets or one 500 mg tablet) with the morning and evening meals 
HOW SUPPLIED: 250 mg round. white, film-coated tablets imprinted with either the DOW diamond trademark over th 
code number 51 or LORELCO 256. Bottles of 120 (NDC 0068-0051-52) 
500 mg capsule-shaped. white. film-coated tablets. marked LORELCO 500. Bottles of 100 (NOC 0068-0053-61) 
Keep well closed. Store in a dry piace. Avoid excessive heat. Dispense in well-closed light-resistant containers with child 
resistant closure 


ANIMAL PHARMACOLOGY AND TOXICOLOGY: in rhesus monkeys, administration of probucol in diets containing 
unusually high amounts of cholesterol and saturated fat resulted in the death of four of eight ansnats after several weeks 
Premonitery syncope was frequently observed and was associated with a pronounced prolongation of the QT intervals (36 t 
50% fonger than that observed in untreated monkeys). Serum tevels of probucol greater than 20 meg/mL were generally 
associated with some prolongation in the QT interval in the cholesterol-ted monkey. A75 msec or greater increase in QT interva 
from control values was usually seen at 40 a and above. Blood levels in humans receiving Lorelco average approximateh 
20 megimi and not uncommonly reach levels of 40 meg/mL and higher. Rhesus monkeys fed normal (low fat} chow anc 
receiving probucol three to thirty times the human dose equivalent achieved blood levels anly one-third those of many humar 
subjects. No adverse effects were detected in these monkeys over an eight-year period of continuous drug administration. Ir 
another study in rhesus monkeys, an atherogenic diet was ted for two years and daily treatment with probucol, separated in timi 
irom the atherogenic meal, was carried out during the second year. Serum prebuce! levels ranged 20 to 50 meg/mL. in five of tet 
monkeys. and less in the remaining animals. Marked prolongation of the QT, interval in the ECG or syncopal behavior was neve 
observed over the entire one-year treatment period. Regression of gross aortic lesions comparable to that observed in a paralla 
group of monkeys receiving cholestyramine was seen in animals receiving probucol. It should be emphasized that bath HDL 
cholesterai and LDL-choiestero! were markedly reduced in this regression study. During the performance of a two-year chroni 
Study involving 32 probucol-treated dogs (beagles), there were 12 fatalities. 
Subsequent experiments have indicated that probucol sensitizes the canine myocardium to epinephrine, resulting in ventricula 
fibrillation in many dogs. Among the animal species in which probycol has been studied, the dog is peculiar with respect to thi 
phenomenon of sudden death due to the sensitization of the myocardium to epinephrine. in contrast to findings in the dog 
injections of epinephrine to probucol-treated monkeys did sot induce ventricular fibrillation 
in other studies. monkeys were given probucol either before and after, or only after myocardial infarction was induced bi 
coronary artery ligation. In these studies, there was no ditterence between probucol- and piacebo-treated groups with respect ti 
either survivai or detailed bind quantitation of myocardial changes (gross and histopathologic) 
Probucol has shown no identifiable toxicity in mice and rats. In these animals. the LOsq {oral} is in excess of 5 g/kg of bod: 
weight. in chronic studies of two years’ duration in rats, na toxicity or carcinogenicity was observed 
From studies in rats, dogs. and monkeys. it is known that probucol accumulates slowly in adipose tissue. Approximatety 90% 0 
probucol administered orally is unabsorbed. For that which is absorbed. the biliary tract is the major pathway for clearance tron 
the body and very little is excreted by way of the kidneys 
Myocardial injury was produced in various groups of rats by one of the following procedures: aortic coarctation, coronar 
ligation, or cobalt or isoproterenol injection. Atter probucol! administration, no deleterious effects related to treatment occurret 
as measured by survival and microscopic examination of myocardial damage 
Probucol was administered to minipigs beginning ten days before ligation of coronary artery and continued tor 60 days afte 
surgery. Challenge with epinephrine at the end of 60 days failed to induce ventricular fibrillation in any of the coronary-ligated 
probucol-treated minipigs 
CLINICAL STUDIES: in a multicenter, randomized, double-blind study, the LRC-CPPT," hypercholesteratemic patient: 
treated with an oral bile acid sequestrant (cholestyramine) and a cholesterol-lowering diet experienced average total and LDL 
cholesterol reductions greater than those obtained in the placebo group treated with diet alone. The cumulative seven-yea 
incidence of the primary end point—-combined incidence of definite CHD death and/or definite nonfatal myocardial infarction— 
was 7% in the cholestyramine group and 8.6% in the placebo group. This was a 19% reduction in risk {P less than 0.05, single 
tail test} of the primary end point reflecting a 24% reduction in definite CHD death and a 19% reduction in nontatal myocardia 
infarction 
The subjects included in the study were middle-aged men (35-59 years old) with serum cholesterol levels at least 265 mg/dL ant 
a0 previous history of heart disease. It is not clear to what extent these findings can be extrapolated to other segments of thi 
hypercholesterolemic population not studied. 
The bile acid sequestrant, cholestyramine, was used in the above trial. Caution should be exercised in extrapolating these result: 
ta Loreico since it differs from cholestyramine with regard to its mode of action. spectrum of cholesterol-lowering potency 
effect on HDL-cholesterol, and possible toxicity. The effect of probycol-induced reduction of serum cholesterol levels ot 
morbidity or mortality due to coronary heart disease has not been established 
REFERENCES 
1. Consensus Development Panet. Lowering bioad cholesterol to prevent heart disease. JAMA. 1985: 253:2080-2086 
2. Fredrickson DS. Ley Ri. Lees RS. Fat transport in lipoproteins —-an integrated approach to mechanisms and disorders. A 
Engi J Med. 1967, 276:34-44 
3. The Lipid Research Clinics Program. The Lipid Research Clinics coronary primary prevention trial results: |. Reduction it 
incidence of coronary heart disease. JAMA. 1984; 251:351-364 
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A New Epidemiologic Classification System = iein 
Myocardial infarction from Serial Electrocardiographic — 
Changes 
Richard S: Crow, Ronald J.Prineas, David R. Jacobs, Jr., and 
Henry Blackburn 








Direct electrocardiographic waveform comparison is a new sandardized 
procedure for diagnosing interim myocardial infarction from electrocar- 
diograms classified according to the Minnesota code. Use of this proce- 

dure in the Multiple Risk Factor Intervention Trial produced a 50% 
increase in positive predictive accuracy and improved agreement with __ 
clinical myocardial infarction. Five-year coronary heart disease mortality = 
rates were 8.5% for those with major serial Q-wave pattern change,5.1% => 
for those with minor serial Q-wave pattern change, 1.5 to 2.6% for those oe 
with major or minor Minnesota Q-code change not substantiated by direct 
waveform comparison and 2.4% for those with no Minnesota Q code. The 
coronary heart disease mortality for major serial Q-wave pattern change ee 
was greater than for the other groups (p <0.01). Adjustment forage and = — 
other risk factors did not qualitatively alter these findings. This new = 
approach can be used retrospectively and is suitable for incorporation into 
computer analysis programs and for statistical analysis. 





462 se i ee ice ee ee 
Comparison by Quantitative Angiographic Assessment of 
Coronary Stenoses of One View Showing the Severest 
Narrowing to Two Orthogonal Views 

Jacques Lesperance, Gilles Hudon, Carl W. White, Jean Laurier, and 
David Waters 


We compared quantitative coronary arteriographic measurements in 2 
orthogonal views with the view that clearly showed the stenosis at its most 
severe in 147 lesions from 147 patients before, immediately after and 6 
months after percutaneous transluminal coronary angioplasty. In 21 of 
147 patients (14%), 2 views could not be measured for technical reasons, 
even though all angiographers had tried to film 2 views. Lesion severity 
was slightly worse for 1 compared with 2 views. Similarly, minimal diame- 
ter was less for 1 view. When this systematic difference was taken into 
account, the 2 methods were within + 0.1 mm for minimal diameter in 
288 of 376 measurements (77%) and within + 0.2 mm in 96%. For ee 
percent diameter stenosis the 2 methods were within + 5% in90% and = 
within + 10% in all but 2.7% (10 of 376). Thus, for routine clinical = 
assessment, measurement of 1 view is adequate; for research purposes ee 
orthogonal views may sometimes be required. 
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Initial 
monotherapy 
regardless of 
age“ or race 


Therapeutic goal achieved 

in more than 80% of patients 
with mild-to-moderate 
hypertension" 


*For adult hypertensives only. 


tEighty-two percent of 3,604 patients with mild- 
to-moderate hypertension (30-70 years) 
achieved goal blood pressure (DBP <90 mm 
Hg) in an open, multicenter, six-week study. 


lIn a double-blind, forced dose titration 
comparative study of 394 black patients with 
mild-to-moderate hypertension (18-70 years), 
83% of those randomized to Calan SR (n=54) at 
a dosage of 360 mg/day achieved goal bloo 
pressure (DBP<90 mm Hg or >10 mm Hg 
reduction). 





Once-a-day 
antihypertensive 
monotherapy 


E Calan SR provides effective monotherapy in more 
than 80% of all adult patients." 































91% of patients take Calan SR once a day'—a more 
convenient dosage schedule that may result in better 
compliance than twice-daily therapy.” 


E Calan SR is equally effective in black and white adult 
patients, regardless of age." 


E Physicians have demonstrated their confidence in 
Calan SR—more than 12 million prescriptions have 


been filled. 


| One agent...for quality living 


E Improved or maintained quality of life was 

reported by 400 hypertensive patients on 

Calan SR in two double-blind, controlled 
clinical studies." 


Constipation, which can be 

easily managed in most 
patients, is the most commonly 
reported side effect with 
Calan SR. 


Please see the following page of this advertisement 
for references and a brief summary of the complete 
prescribing information. 
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degree of ventricular dysfunction if they are receiving a beta-blocker. Control milder 
failure with optimum digitalization and/or diuretics before Calan SR is used. Verapamil 
occasionally produce hypotension. Elevations of liver enzymes have been reported. 
s have been demonstrated to be produced by verapamil. Periodic monitoring 
x function in patients on verapamil is prudent. Some patients with paroxysmal and/ 
chronic: atrial. flutter/fibrillation and an accessory AV pathway (eg, WPW or LGL 
syndromes} have developed an increased antegrade conduction across the accessory 
bypassing the AV node, producing a very rapid ventricular response or ventricular 
after receiving I.V. verapamil (or digitalis). Because of this risk, oral verapamil is 
‘Contraindicated in such patients. AV block may occur (2nd- and 3rd-degree, 0.8%). 
Development ‘of marked 1st-degree block or progression to 2nd- or 3rd-degree block 
teduction in dosage or, rarely, discontinuation and institution of appropriate therapy. 

Sinus ‘bradycardia, 2nd-degree AV block, sinus arrest, pulmonary edema and/or severe 
potension. were seen in some critically ill patients with hypertrophic cardiomyopathy who 

ated with verapamil. 

Verapamil should be given cautiously to patients with impaired hepatic 
; Severe dysfunction use about 30% of the normal dose) or impaired renal 
ients should be monitored for abnormal prolongation of the PR interval or 
overdosage. Verapamil may decrease neuromuscular transmission in patients 
rS muscular dystrophy and may prolong recovery from the neuromuscular 
agent vecuronium. it may be necessary to decrease verapamil dosage in patients 
enuated neuromuscular transmission. Combined therapy with beta-adrenergic block- 
yapamil may result in additive negative effects on heart rate, atrioventricular 
-and/or cardiac contractility; there have been reports of excessive bradycardia 
ock, including complete heart block. The risks of such combined therapy may 
{ the benefits. The combination should be used only with caution and close 
monitoring: Decreased metoprolol clearance may occur with combined use. Chronic verap- 
amil treatment car increase serum digoxin levels by 50% to 75% during the first week of 
‘apy, which can result in digitalis toxicity. In patients with hepatic cirrhosis, verapamil 
May reduce total body clearance and extrarenal clearance of digitoxin. The digoxin dose 
should be reduced when verapamil is given, and the patient carefully monitored. Verapamil 
will usually have an additive effect in patients receiving blood-pressure-lowering agents. 
Disopyramide: should not be given within 48 hours before or 24 hours after verapamil 
administration. Concomitant use of flecainide and verapamil may have additive effects on 
nyocardial contractility, AV conduction, and repolarization. Combined verapamil and quini- 
therapy in patients with hypertrophic cardiomyopathy should be avoided, since 
hypotension may result. Concomitant use of lithium and verapamil may result in 
ering of serum lithium levels or increased sensitivity to lithium. Patients receiving both 
drugs must be monitored carefully. Verapamil may increase carbamazepine concentrations 
combined use.. Rifampin may reduce verapamil bioavailability. Phenobarbital may 

ase verapamil clearance. Verapamil may increase serum levels of cyclosporin. Concom- 
of inhalation anesthetics and calcium antagonists needs careful titration to avoid 
p cardiovascular depression. Verapamil may potentiate the activity of neuromuscular 
ing agents {curare-like and depolarizing); dosage reduction may be required. Adequate 
animal carcinogenicity studies have not been performed. One study in rats did not suggest 
a tumorigenic potential, and verapamil was not mutagenic in the Ames test. Pregnancy 
tegory C. ‘There are no adequate and well-controlled studies in pregnant women. This 
should be used during pregnancy, labor, and delivery only if clearly needed. Verapamil 
reted in: breast milk; therefore, nursing should be discontinued during verapamil use. 
Reactions: Constipation (7.3%), dizziness (3.3%), nausea (2.7%), hypotension 
5%), headache (2.2%), edema (1.9%), CHF, pulmonary edema (1.8%), fatigue (1.7%), 
lyspnea (1.4%), bradycardia: HR < SO/min (1.4%), AV block: total 1°,2°,3° {1.2%}, 2° 
and 3° (0.89%), rash (1.2%), flushing (0.6%), elevated liver enzymes. The following reactions, 
reported. in 1.0% or less of patients, occurred under conditions where a causal relationship 
uncertain: angina pectoris, atrioventricular dissociation, chest pain, claudication, myocar- 
| infarction, palpitations, purpura (vasculitis), syncope, diarrhea, dry mouth, gastrointes- 
distress, gingival hyperplasia, ecchymosis or bruising, cerebrovascular accident, con- 
) ilibrium disorders, insomnia, muscle cramps, paresthesia, psychotic symptoms, 
ness, somnolence, arthralgia and rash, exanthema, hair loss, hyperkeratosis, macules, 
icaria, Stevens-Johnson syndrome, erythema multiforme, blurred vision, gy- 
eased urination, spotty menstruation, impotence. 5/9/88 e C88-W5282V-1 
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A Simplified “Appresch for Evaluating Multiple Test Outcomes ce 
and Multiple Disease States in Relation to the Exercise 

Thallium-201 Stress Test in Suspected Coronary Artery 

Disease 

Stewart G. Pollock, Denny D. Watson, Robert S. Gibson, George A. 

Beller, and Sanjiv Kaul 


Our study describes a simplified approach for the interpretation of electro- 
cardiographic and thallium-201 imaging data derived from the same 
patient during exercise. The 383 patients in this study also had undergone 
selective coronary arteriography within 3 months of the exercise test. This 
matrix approach allows for multiple test outcomes (both tests positive, 
both negative, 1 test positive and 1 negative) and multiple disease states 
(no coronary artery disease vs 1-vessel vs multivessel coronary artery 
disease). Because this approach analyzes the results of 2 test outcomes 
simultaneously rather than serially, it also negates the lack of test indepen- 
dence, if such an effect is present. We also demonstrate that ST-segment 
depression on the electrocardiogram and defects on initial thallium-201 
images provide conditionally independent information regarding the pres- 
ence of coronary artery disease in patients without prior myocardial in- 
farction. In contrast, ST-segment depression on the electrocardiogram 
and redistribution on the delayed thallium-201 images may not provide 
totally independent information regarding the presence of exercise-in- 
duced ischemia in patients with or without myocardial infarction. 


Seen ne RY Se E E Oe A ere EAEE eS On as TOE PE 
Clinical Course and Long-Term Prognosis of Spontaneous 
Coronary Artery Dissection 

Samuel J. DeMaio, Jr., Susan H. Kinsella, and Mark E. Silverman 


Spontaneous coronary artery dissection is rare. In comparison with the 
usual myocardial infarction population, it occurs in relatively young peo- 
ple with a striking predilection for women. Of 83 cases that have been 
described, 62 were diagnosed at autopsy and 21 were found antemortem. 
We report a series of 11 patients with the antemortem diagnosis of sponta- 
neous coronary artery dissection and provide follow-up for 16 of the 21 
previously reported cases. Of the 32 cases diagnosed antemortem, 15 
(47%) were men (mean age 46) and 17 (53%) were women (mean age 
38). Men were found to have dissection predominantly of the right coro- 
nary artery (73%). Women were found to have dissection predominantly 
of the left coronary artery system (88%). The prognosis of patients surviv- 
ing the initial event is good, with an 82% survival rate (follow-up: range 
1.0 to 144 months, mean 38). The indications for medical or surgical 
treatment are presented. 


_ ARRHYTHMIAS AND CONDUCTION DISTURBANCES 
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Effect of Selective Intracoronary Antiarrhythmic Drug 
Administration in Sustained Ventricular Tachycardia 

Peter L. Friedman, Andrew P. Selwyn, Elazer Edelman, and Paul J. Wang 

















The effect of selective intracoronary lidocaine or procainamide infusion on 
inducibility of arrhythmia was studied in 3 patients with recurrent sus- 
tained monomorphic ventricular tachycardia. Each patient had remote 
myocardial infarction due to coronary artery occlusion. In the control 
state, the patient’s clinical ventricular tachycardia was easily inducible by 
programmed stimulation. During selective intracoronary antiarrhythmic 
drug infusion into the arterial branch supplying collateral flow to the 
occluded vessel, tachycardia was rendered noninducible. Standard intra- 
venous doses of antiarrhythmic drug, however, did not prevent tachycar- 
dia induction. These observations support the feasibility of tachycardia 
ablation by selective intracoronary administration of ablative agents into 
the coronary arterial branch supplying the site of origin of the arrhythmia. 
Selective intracoronary antiarrhythmic drug administration may provide 
insights into mechanisms of action of these drugs at the site of origin of an 
arrhythmia. 
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Physiologic Relation Between Cardiac Cycle and QT Duration 
in Healthy Volunteers 

Brigitte Lecocq, Vincent Lecocq, and Patrice Jaillon 





Because QT duration depends on cardiac cycle length RR, this study was 
undertaken to describe the individual QT-RR relations in young healthy 
volunteers. An exponential model best described this relation: QT = A — 
B X Exp (—k X RR), where A, B and k are regression parameters. 
Pharmacologic studies with sympathetic stimulation (isoproterenol) and 
parasympathetic blockade (atropine) showed that the exercise-induced 
shortening of QT was mainly under the influence of parasympathetic 
blockade and that acute 6-adrenergic stimulation tended to increase the 
temporal dispersion of ventricular repolarization. 
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Stress ‘and Pharmacologic Tests ; as Methods t to Identify 
_ Patients with Wolff-Parkinson-White Syndrome at Risk of 
` Sudden Death 
Fiorenzo Gaita, Carla Giustetto, Riccardo Riccardi, Lucia Mangiardi, ‘and 
Antonio Brusca 










Noninvasive stress and pharmacologic tests with procainamide and propa- 
fenone were studied as methods to identify patients with Wolff-Parkinson- 
White syndrome at risk of sudden death, adopting electrophysiologic 
study as a reference standard. Twenty-four patients with the shortest RR 
interval during induced atrial fibrillation <250 ms were judged at risk 
(group A); 41 patients who did not meet these criteria were not considered 
at risk (group B). Persistence of preexcitation during stress testing showed 
a sensitivity of 96% and a specificity of 17% to identify group A patients; 
its positive predictive value was 40% and negative predictive value 88%. 
Both procainamide and propafenone tests showed a sensitivity of 96% and 
a specificity of 51%; their positive predictive value was 53% and negative 
predictive value 95%. Stress and pharmacologic tests have excellent sensi- 
tivity and negative predictive value, but low specificity and positive predic- 
tive value. 
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491 
Abrupt Homeostatic Responses to Transient Intracardiac 
Occlusion During Balloon Valvuloplasty 

José Suarez de Lezo, Pedro Montilla, Manuel Pan, Miguel Romero, 
Manuel Sancho, Joaquin Ruiz de Castroviejo, Inmaculada Tejero, José 
Ariz6n, and José Luis Carrasco, with the technical assistance of 

Ana Rejano and Carlos Martinez 





We analyzed the hemodynamics of intracardiac occlusive periods during 
balloon mitral or aortic valvuloplasty and compared them with immediate 
plasma levels of atrial natriuretic factor, vasopressin and renin activity in 
33 patients with mitral stenosis and 16 with aortic stenosis. During dila- 
tions, we monitored the pressures from the ascending aorta and the left 
atrium or wedged pulmonary artery. Plasma hormone levels were serially 
determined during the different hemodynamic stages of the study. Our 
findings show that abrupt releases of atrial natriuretic factor and vasopres- 
sin occur immediately after intracardiac occlusive periods as a response to 
the acute hemodynamic changes observed. 
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MEVACOR is indicated as an adjunct to diet for the reduction of 
elevated total and LDL cholesterol levels in patients with primary 
hypercholesterolemia (Types Ila and IIb) when response to 
nonpharmacologic measures has been inadequate. 

MEVACOR is contraindicated in patients who are hypersensitive to any component of the 
medication; in patients with active liver disease or unexplained persistent transaminase 
elevations; in pregnant or lactating patients; and in women of childbearing age, except 
when such patients are highly unlikely to conceive. 


It is recommended that liver function tests be performed before treatment begins, every 
4 to 6 weeks during the first 15 months of therapy, and periodically thereafter in all patients. 


The effect of lovastatin-induced changes in serum lipoprotein levels, including reduction of 
serum cholesterol, on cardiovascular morbidity or mortality has not been established. 


For more details on warnings, precautions, and adverse reactions, including cautionary 
information regarding liver dysfunction, myopathy, and slit-lamp monitoring, please see 
Prescribing Information 


For a Brief Summary of Prescribing Information, please see the following page. 


Copyright © 1989 by Merck & Co., Inc 


Patient C.M. 
—Female, age 61 


—Smokes more than a 
pack of cigarettes daily; 
repeatedly advised to 
stop smoking 


— Younger brother 
suffered MI 5 years ago 


—Elevated serum 
cholesterol—281 mg/dL 
after an adequate trial of 
a cholesterol-lowering diet 


—After 12 weeks 
on MEVACOR,, total 
cholesterol is 220 mg/dL 
(dosage: 20 mg once daily 
with the evening meal) 


Results with MEVACOR 
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Not everyone will respond as did the patient 
in this hypothetical case history; however, the 
mean reduction in total cholesterol in clinical 
trials was 17% at 20 mg once a day and 27% 
at 20 mg b.i.d 


SHARP: 
TABLETS, 20 mg and 40 mg DOHME 


MEVACOR 


(LOVASTATIN | MSD) 


Now available as a 


40-mg tablet 





CONTRAINDICATIONS: Hypersensitivity to any component of this 
medication. 

Active liver disease or unexplained persistent elevations of serum 
transaminases 

Pregnancy and lactation 

Atherosclerosis is a chronic process and the discontinuation of tipid- 
towering drugs during pregnancy shouid have little impact on the outcome 
of long-term therapy of primary hypercholesterolemia. Moreover, 
cholesterol and other products of the cholesterol biosynthesis pathway 
are essential components for fetal Seveon including synthesis of 
steroids and cell membranes. Because of the ability of inhibitors of HMG- 
CoA reductase such as MEVACOR® (Lovastatin, MSD) to decrease the 
synthesis of cholesterol and possibly other products of the cholesterol 
biosynthesis pathway, MEVACOR may cause fetal harm when admin- 
istered to a pregnant woman. Therefore, lovastatin is contraindicated 
during pregnancy. Lovastatin should be administered to women of 
childbearing age only when such patients are highly unlikely to conceive 
If the patient becomes pregnant while taking this drug, lovastatin should 
ie Sees and the patient should be apprised of the potential hazard 
lo the fetus 


WARNINGS: Liver Dysfunction: Marked persistent increases (to more 
than 3 times the upper limit of normal) in serum transaminases 
occurred in 1.9% of adult patients who received lovastatin for at least 
one year in clinical trials (see ADVERSE REACTIONS). When the drug 
was interrupted or discontinued in these patients, the transaminase levels 
usually feli stowly to pretreatment levels. The increases usually appeared 
3 to 12 months after the start of therapy with lovastatin and were not 
associated with jaundice or other clinical signs or symptoms. There was 
no evidence of hypersensitivity. A liver biopsy was done in one of these 
patients and showed areas of focal hepatitis. In this patient. transaminase 
levels returned to normal following discontinuation of therapy. Some of 
these patients had abnormal liver function tests prior to lovastatin therapy 
and/or consumed substantial quantities of alcohol. 

it is recommended that liver function tests be performed before 
treatment begins, every 4 to 6 weeks during the first 15 months of 
therapy with lovastatin, and periodically thereafter in ali patients. 
Special attention shouid be paid to patients who develop elevated serum 
transaminase levels, and in these patients, measurements shouid be 
repeated promptly and then performed more frequently H the 
transaminase levels show evidence of progression, particularly if they rise 
to 3 times the upper limit of normal and are persistent, the drug should be 
discontinued. Liver biopsy should be considered if elevations are 
persistent beyond the discontinuation of the drug 

The drug should be used with caution in patients whe consume 
substantial quantities of alcohol and/or have a past history of tiver 
disease. Active liver disease or unexplained transaminase elevations are 
contraindications to the use of lovastatin 

As with other fipid-lowering agents, moderate (less than 3 times the 
upper limit of normal) elevations of serum transaminases have been 
reported following therapy with MEVACOR {see ADVERSE REACTIONS} 
These changes appeared soon after initiation of therapy with MEVACOR, 
were often transient, were nol accompanied by any symptoms. and 
interruption of treatment was not required 
Skeletal Muscle. Several cases of rhabdomyolysis have been asso- 
ciated with lovastatin therapy alone, when combined with immunosup- 
pressive therapy including cyclosporine in cardiac transplant patients, 
and when combined in non-transplant patients with either gemfibrozil 
or lipid-lowering doses (- 1 g/day} of nicotinic acid. Acute renal failure 
from rhabdomyolysis has been seen more commoaniy with the 
lovastatin-gemfibrozii combination and has also been reported in 
transplant patients receiving lovastatin plus cyclosporine. 

Rhabdomyolysis with of without renaf impairment has been reported in 
seriously if patients receiving erythromycin concomitantly with 
lovastatin. Therefore, patients receiving concomitant lovastatin and 
erythromycin should be carefully monitored 

Fulminant rhabdomyolysis has been seen as early as 3 weeks after 
initiation of combined therapy with gemfibrozil and lovastatin but may 
be seen atter several months. For these reasons, it is felt that in most 
subjects who have had an unsatisfactory lipid response to either drug 
atone, the possible benefits of combined therapy with lovastatin and 
gemfibrozil do not outweigh the risks of severe myopathy, rhabdo- 
myolysis, and acute renal failure. While it is not known whether this 
interaction occurs with fibrates other than gemfibrozil, myopathy and 
rhabdomyolysis have occasionally been associated with the use of 
other fibrates alone, including clofibrate. Therefore, the combined use 
of lovastatin with other tibrates should generally be avoided. 

Physicians contemplating combined therapy with lovastatin and 
lipid-lowering doses of nicotinic acid or with immunosuppressive 
drugs should carefully weigh the potential benefits and risks and 
should carefully monitor patients for any signs and symptoms of 
muscle pain, tenderness, or weakness, particularly during the initial 
months of therapy and during any periods of upward dosage titration of 
either drug. Periodic CPK determinations may be considered in such 
situations, but there is no assurance that such monitoring will prevent 
the occurrence of severe myopathy. The monitoring of lovastatin drug 
and metabolite levels may be considered in transplant patients who are 
treated with immunosuppressives and lovastatin. 

Lovastatin therapy should be temporarily withheld or discontinued in 
any patient with an acute, serious condition suggestive of a myopathy 
or having a risk factor predisposing to the development of renal failure 
secondary to rhabdomyolysis, inciuding severe acute intection, 
hypotension, major surgery, trauma, severe metabolic. endocrine, and 
electrolyte disorders, and uncontrolled seizures. 

Myaigia has been associated with lovastatin therapy. Transient. miidty 
elevated creatine phosphokinase fevels are commonly seen in lovastatin- 
treated patients. However, in clinical trials, approximately 0.5% of 
patients developed a myopathy. i.e., myalgia or muscle weakness 
associated with markedly elevated CPK jevels. Myopathy should be 
considered in any patient with diffuse myaigias. muscle tenderness or 
weakness, and/or marked elevation of OPK. Patients should be advised to 
report promptly unexplained muscle pain, tenderness, or weakness. 
particularly if accompanied by malaise or fever. Lovastatin therapy should 
be discontinued if markedly elevated CPK levels occur or myopathy is 
diagnosed or suspected 

Most of the patients who have developed myopathy {including 
rhabdomyolysis} while taking lovastatin were receiving concomitant 
therapy with immunosuppressive drugs. gemfibrozil, or lipid-lowering 
doses of nicotinic acid. In clinical triais. about 30% of patients on 
concomitant immunosuppressive therapy including cyclosporine 
developed myopathy: the corresponding percentages for gemfibrozil and 
niacin were approximately 5% and 2%. respectively 

in 6 patients with cardiac transplants taking immunosuppressive 
therapy including cyclosporine concomitantly with lovastatin 20 mg/day. 
the average plasma ievel of active metabolites derived from lovastatin was 
elevated to approximately 4 times the expected levels. Because of an 
apparent relationship between increased plasma levels of active 
metabolites derived from lovastatin and myopathy. the daily dosage in 
patients taking immungsuppressants should sot exceed 20 mg/day {see 
DOSAGE AND ADMINISTRATION) Even at this dosage. the benefits and 


risks of using lovastatin in patients taking anmunosuppressants should 
be carefully considered 


PRECAUTIONS: General: Betore instituting therapy with MEVACOR® 
(Lovastatin. MSD), an attempt should be made to contro! hypercholester- 
olemia with appropriate diet, exercise, weight reduction in obese patients. 
and to treat other underlying medical problems (see INDICATIONS 
AND USAGE) 


Eye: There was a high prevalence of baseline jenticular opacities in the 
patient population included in the clinical trials with lovastatin. During 
these trials the appearance of new opacities was noted. The causal 
relationship of lovastatin to these findings has not been established. 

Of 431 patients examined with slit lamp at baseline and during therapy 
with lovastatin. 34 had opacities reported at the final examination (5 to 15 
months after starting lovastatin) that were not noted at baseline. On the 
other hand. in 45 patients, opacities observed at baseline were not noted 
at the final examination, so that the prevatence did not increase. There was 
no clinically significant change in visual acuity in the patients who had new 
Opacities reported, nor was any patient. including those with opacities 
noted at baseline. discontinued from therapy because of a decrease in 
visual acuity. Nevertheless, until further experience is obtained. it is 
recommended that patients placed on lovastatin therapy be examined with 
a slit amp before or shortly after initiation of treatment and annually 
thereafter. 


Homozygous Familial Hypercholesterolemia: MEVACOR is less 
effective in patients with the rare homozygous familial hypercholesterol- 
emia, proa because these patients have no functional LOL receptors 
MEVACOR appears to be more likely to raise serum transaminases {see 
ADVERSE REACTIONS) in these homozygous patients 


Drug Interactions: immunosuppressive Drugs. Gemlibrozii. Niacin 
(Nicotinic Acid). Erythromycin: See WARNINGS. Skeletal Muscle 

Coumarin Anticoagulants: tn a clinical trial in warfarin-treated patients 
designed specifically to observe a potential effect of lovastatin on the 
prothrombin time, lovastatin in dosages up to 40 mg bid. did not 
produce any consistent alteration of the anticoagulant action of warfarin 
However. since the drug was marketed. climcally evident bleeding and/or 
increased prothrombin time have been reported in a few patients taking 
coumarin anticoagulants concomitantly with lovastatin. The causal 
relationship to lovastatin is unclear. Nevertheless, if is recommended that 
in patients taking anticoagulants, prothrombin time be determined betore 
starting lovastatin and frequently enough during early therapy to insure 
that no significant alteration of prothrombin time occurs. Once a stable 
prothrombin time has been documented. prothrombin times can be 
monitored at the imervals usually recommended for patients on coumarin 
anticoagulants. if the dose of lovastatin is changed, the same procedure 
should be repeated. Lovastatin therapy has not been associated with 
bleeding or with changes in prothrombin time in patients not taking 
anticoagulants 

Antipyrine: Antipyrine is a model for drugs metabolized by the 
microsomal hepatic enzyme system {cytochrome P450 system). Because 
lovastatin had no elect on the pharmacokinetics of antipyrine, interactions 
with other drugs metabolized via this mechanism are not expected 

Propranoiol: in normal volunteers. there was no clinically significant 
pharmacokinetic or pharmacodynamic interaction with concomitant 
administration of single doses of lovastatin and propranotal 

Digoxin: in patients with hypercholesterolemia. concomitant 
administration of lovastatin and digoxin resulted in no effect on digoxin 
plasma concentrations. 

Other Concomitant Therapy: Aithough specific interaction studies were 
not performed, in clinicai studies. lovastatin was used concomitantly with 
beta blockers, calcium channel blockers, diuretics. and nonsteroidai anti- 
inflammatory drugs (NSAIDs) without evidence of clinically significant 
adverse interactions 


DrugiLaboratory Test interactions: Lovastatin may elevate creatine 
phosphokinase and transaminase leveis {see ADVERSE REACTIONS) 
This should be considered in the differential diagnosis of chest pain in a 
patient on therapy with lovastatin 


Carcinogenesis, Mutagenesis, impairment of Fertility: In a 21-month 
carcinogenic study in mice. a statistically significant (p~ 0.05} increase in 
the incidence of hepatocellular carcinomas and adenomas was observed 
at doses of 500 mg/kg/day (312 times the maximum recommended 
human dose} of lovastatin These changes were not seen in mice given 
doses of 20 and 100 mg/kg/day {12.5 and 62.5 times the maximum 
recommended human dose}. 

A statistically significant increase (p= 0.05) in the incidence of 
pulmonary adenomas was seen in female mice receiving 500 mg/kg/day 
(312 umes the maximum recommended human dose}: no similar changes 
were seen in males at any dose of in females receiving 20 of 100 
mg/kg/day (12.5 of 62.5 times the maximum recommended human 
dose}. Because the incidence of pulmonary tumors was within the range 
of untreated animals in studies of similar duration. the relationship of this 
latter change to treatment is not known 

in addition, an increase in the incidence of papillama in the non- 
glandular mucosa of the stomach was observed in mice receiving 100 and 
500 mg/kg/day (62.5 and 312 times the maximum recommended human 
dose}: no increase was seen at a dosage of 20 mg/kg/day (12.5 times the 
maximum recommended human dose}. The glandular mucosa was not 
atfected. The human stomach contains only glandular mucosa 
importantly, there Is a strong association between this change and 
hyperplasia of the squamous epithelium (acanthosis) in this region. 
acanthosis is a characteristic change observed in the non-glandular 
mucosa of rodents treated with HMG-CoA reductase inhibitors and 1s 
most probably a result of inhibition of the reductase in this tissue 

Similar squamous epithelium is found in the esophagus and anorectal 
junction of the mouse and rat: however. no evidence of a similar drug- 
induced hyperplastic response was observed in these tissues in studies of 
up to 21 months in the mouse given up to 500 mg/kg/day (312 times the 
maximum recommended human dose), orin a study of 24 months in the rat 
given 180 mg/kg/day (112 times the maximum recommended human 
dose} 

In a 24-month carcinogenicity study in rats, there was a positive dose 
response relationship for hepatocellular carcinogenicity in males 
(unadjusted p = 0.025) However, because the incidence of hepatocellular 
carcinogenicity observed in male rats in this study is similar to that 
observed spontaneously in this strain of rat, the implications of this 
tinding are unclear. 

No evidence of mutagenicity was observed in a microbial mutagen test 
using mutant strains of Salmonella typhimurium with or without rat or 
mouse liver metabolic activation. In addition, no evidence of damage to 
genetic material was noted in an sn vitro alkaline elution assay using rat or 
mouse hepatocytes. a V-79 mammalian celi forward mutation study, an 
vitro chromosome aberration study in CHO cells. of an in vivo 
chromosomal aberration assay in mouse Done marrow 

No drug-related effects on fertility were found in studies with rats 


Pregnancy: Pregnancy Category X. See CONTRAINDICATIONS 

Lovastatin has been shown to produce skeletal malformations in the rat 
fetus at doses of 800 mg/kg/day (500 times the maximum recommended 
human dose}. At similar doses in mice. an increase in skeletal 
malformations was observed. These individual changes are within the 
range of those observed spontaneously in this strain of mouse. No drug- 
induced changes were seen in either species at doses of up to 80 
mg/kg/day (50 times the maximum recommended human dose). No 
evidence of matformations was noted in rabbits at up to 15 mg/kg/day 
{highest tolerated dose-about 9 times the maximum recommended 
human dose). There are no data in pregnant women 


Nursing Mothers: Studies in rats have shown that lovastatin is excreted in 
the milk. It :s not known whether this drug is excreted in human miik 
Because many drugs are excreted in human milk and because of the 
potential for serious adverse reactions in nursing infants from MEVACOR. 
women taking lovastatin shouid not nurse ther infants (see 
CONTRAINDICATIONS) 


Pediatric Use: Satety and effectiveness in children have not been 
established. Because children are not likely to benefit fram cholesterol 
lowering for at least a decade and because expenence with this drug is 
limited (no studies in subjects below the age of 20 years). treatment of 
children with lovastatin is not recommended at this time 


ADVERSE REACTIONS: MEVACOR® (Lovastatin, MSD) is generally wel! 
tolerated; adverse reactions usually have been mild and transient. Less 
than 1% of patients were discontinued from controled clinical studies due 
to adverse experiences attributable to MEVACOR. About 2% of patients 
were discontinued from ali studies {controlled and uncontrolled) due to 
adverse experiences attributable to MEVACOR: about one-third of these 
patients were discontinued due to increases in serum transaminases 


Clinical Adverse Experiences: Adverse experiences reported in patients 
treated with MEVACOR in controlled clinica! studies are shown in the table 
below: 





MEVACOR Placebo Cholestyramine Probucol 
{N 613) (N= 82) iN + 88) (N = 97) 
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Gastrointestinal 
Constipation 49 
Diarrhea 58 
Dyspepsia 39 
Flatus 64 
Abdominal pan’ cramps §7 
Heartburn 16 
Nausea 47 
Musculoskeletal 
Muscle cramps t1 m 
Myaigia 24 1.2 coe vm 
Nervous Systemi/Psychatric 
Dizziness 2 
Headache 9 
Skin 
Rash/ pruritus 5.2 = 4.5 
Special Senses 
Blurred vision 15 ca 1 
Dysgeusia 0.8 we 141 





Laboratory Tests: Marked persistent increases of serum transaminases 
have been noted (see WARNINGS) 

About 11% of patients had elevations of creatine phosphokinase (CPK) 
levels of at least twice the normal value on one or more occasions. The 
corresponding values for the contro! agents were cholestyramine, 9% and 
probucol, 2%. This was attributable to the noncardiac fraction of CPK 
Large increases in CPK have sometimes been reported (see WARNINGS. 
Skeletal Muscle} 


Concomitant Therapy: in controlled clinical studies sn which jovastatin 
was administered concomitantly with cholestyramine. no adverse reat- 
tions peculiar to this concomitant treatment were observed. The adverse 
reactions that occurred were limited to those reported previously with 
lovastatin or cholestyramine. Other lipid-lowering agents were not admin- 
istered concomitantly with lovastatin dunng controlled clinical studies. in 
uncontrolled clinical studies. most of the patients who have developed 
myopathy were receiving concomitant therapy with immunosuppressive 
drugs. gemfibrozil, or niacin (nicotinic acid} (see WARNINGS. Skeletal 
Muscle} 


Uncontrolled Clinical Studies: The adverse expenences observed in 
uncontrolled studies were similar to those seen in controlled clinical 
studies. Abnormal liver function tests were observed at a higher incidence 
than in the controlled studies (see WARNINGS, Liver Dysiuncton). Myo- 
pathy (myalgia with marked CPK elevations) was reported in approx- 
imately 0.5% of patients (see WARNINGS. Skeletal Muscle} 


Causal Relationship Unclear: Nervous System: Peripheral neuropathy 
has been reported. the relationship to lovastatin ss uncertain Visual 
evoked response. nerve conduction measurements. and electromyogra- 
phy in over 30 patients showed no evidence of neurotoxic effects ot 
lovastatin 

Special Senses. Of 431 patients examined with slit amp at baseline and 
during therapy with lovastatin. 34 had opacities reported at the final 
examination {5 ta 15 months after starting lovastatin} that were not noted 
at baseline. On the other hand, in 45 patents. opacities observed at 
baseline were not noted at the final examination. so that the prevalence did 
not increase {see PRECAUTIONS) 


Post-marketing Experience; Additional adverse expertences occurring 
since the drug was marketed are listed beiow 
Clinical Adverse Experiences 

Gastrointestinal: Hepatitis. cholestatic jaundice. anorexia 
vomiting 

Hypersensitivity Reactions: An apparent hypersensitivity syn- 
drome has been reported rarely which has included one or more of the 
following features: anaphylaxis, angioedema, tupus-like syndrome. poly- 
myalgia rheumatica. thrombocytopenia. leukopenia, hemolytic anemua., 
positive ANA, ESR increase, arthritis, arthralgia, urticaria, asthenia, and 
photosensitivity. 

Nervous System/ Psychiatric: Paresthesia 

Causal Relationship Unknown 

Gastromtestinal: Pancreatitis, stomatitis 

Skin: Alopecia 

Nervous Systemi Psychiatric: Depression. insomnia 

Metabolic. Edema 

Clinical Laboratory Test Findings 
Liver Function Tests: Liver function test abnormalities, including 

elevated alkaline phosphatase and bilirubin 


OVERDOSAGE: The orat LDgg of MEVACOR in mice ts 20 g/ki 

Five healthy human volunteers have received up to 200 mg of lovastatin 
as a single dose without clinically significant adverse experiences A few 
cases of accidental overdosage have been reported: no patients had any 
specific symptoms. and all patients recovered without sequelae The 
maximum dose taken was $2 20-mg tablets (1.04 9). 

Until further experience is obtained. no specitic treatment of over- 
dosage with MEVACOR can be recommended 

The dialyzability of iovastatin and its metabolites in man is not known at 
present 


DOSAGE AND ADMINISTRATION: The patient shouid be placed on a 
standard cholesterol-towering diet before receiving MEVACOR and should 
continue on this diet during treatment with MEVACOR MEVACOR should 
be given with meals 

The recommended starting dose is 20 mg once a day given with the 
evening meal The recommended dosing range is 20 to 80 mg/day in 
single or divided doses. the maximum recommended dose is 80 mg/day 
Adjustments of dosage should be made at intervals of 4 weeks or more 
Doses should be individualized according to the patient's response (see 
Tables | to IV under CLINICAL PHARMACOLOGY, Clinical Studies for dose 
response results}. 

For thase patients with severely elevated serum cholesterol levels 
{Le., -300 mg/dl [7.8 mmol/L] on diet). MEVACOR may be imtated at 
40 mg/day 

in patients taking immunosuppressive drugs concomitantly with 
lovastatin (see WARNINGS. Skeletai Muscle}. the maximum recom- 
mended dosage is 20 mg/day. 

Cholesterol levels should be monitored periodically and consideration 


should be given to reducing the dosage of MEVACOR MSD 
if cholesterot levels fali below the targeted range MERCK 
SHARO, 
DOHME 





For more detailed information, consult your MSD Representative or see 
Prescribing information, Merck Sharp & Dohme. Division of Merck & 
Co., inc., West Point, PA 19486. J9MC39(507) 
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498 a oth ee et 
Significance of Positive or Negative Thallium-201 Scintigraphy 
in Hypertrophic Cardiomyopathy 

Thomas W. von Dohlen, L. Michael Prisant, and Martin J. Frank 


Myocardial ischemia and fibrosis occur in patients with hypertrophic 
cardiomyopathy but normal epicardial arteries. To determine their preva- 
lence and relation with common characteristics, thallium-201 scintigra- 
phy was performed in 28 patients. Eleven (39%) had positive scans with- 
out epicardial disease (7 patients) or a pretest risk of coronary disease 
<5% (4 patients). Thallium defects were unrelated to age, sex or outflow 
gradients at rest. However, the mean septal thickness was greater in 
patients with positive scans, and there was a relation between increasing 
septal thickness and the frequency of positive scans. More importantly, 7 
of 11 patients with positive scans had ventricular tachycardia compared 
with none among those who had negative scans, and 5 of these 11 had 
conduction system disease requiring permanent pacemaker insertion com- 
pared with 1 of 17 with negative scans. Thallium perfusion abnormalities 
are common in patients with hypertrophic cardiomyopathy despite normal 
epicardial arteries, are strongly associated with potentially lethal arrhyth- 
mias and appear to identify those at increased risk for sudden death. 


504 
Correlation Between Histomorphometric Findings on 
Endomyocardial Biopsy and Clinical Findings in Idiopathic 
Dilated Cardiomyopathy 

Piero Tanganelli, Andrea Di Lenarda, Giorgio Bianciardi, Alessandro Salvi, 
Furio Silvestri, Luisa Mestroni, and Fulvio Camerini 





We analyzed by multivariate analysis the morphometric data of endomyo- 
cardial biopsies (area, perimeter and minor diameter) of myocardial cells 
obtained at light microscopy by a computerized approach with 16 clinical 
parameters and prognosis in 52 patients with idiopathic dilated cardiomy- 
opathy. The best morphometric parameter was “area” (R? = 0.47). A 
positive correlation was found with age (p <0.02), interval between first 
symptoms and diagnosis (p <0.02), left ventricular end-diastolic volume 
(p <0.02), cardiac index (p <0.05) and echocardiographic end-diastolic 
diameter (p <0.1). A negative correlation was found with prognosis (p 
<0.02), ejection fraction (p <0.02), shortening fraction (p <0.05), echo- 
cardiographic end-systolic diameter (p <0.06) and mitral regurgitation 
presence (p <0.1). The parameters that provided no correlation were New 
York Heart Association class, left ventricular end-diastolic pressure, right 
atrial pressure, cardiothoracic ratio, presence or absence of heart failure, 
fever or alcohol intake. Our findings suggest that endomyocardial biopsy 
may provide prognostic information and confirm clinical diagnosis. 


_ Continued on page A41 ~ : 
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The Anyfingers Patch. 


All nitroglycerin patches work. 


But Nitro-Dur is the one nitroglycerin patch that 
works so readily, any fingers can easily open and 
apply it...even stiff fingers, clumsy fingers, arthritic 
fingers guided by presbyopic eyes. 


Test it yourself. To see how easy handling Nitro-Dur 
can be, open one and handle it yourself. Compare it 
with other patches. 


Compare its thinness, its comfort, its appearance. 
Nitro-Dur clings bulklessly and bulgelessly to the 
skin, so thin that pores and texture show through... 
so discreet about its presence that it’s nearly 
invisible. Handle one and see. Handling is believing! 
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Please see next page for brief summary of prescribing information. Copyright © 1988, Key Pharmaceuticals, Inc.. Kenilworth, NJ 07033. All rights reserved 














CAREER CHANGE OPPORTUNITIES in the Pharmaceutical 
Industry. We have assignments for experienced board. certi- 
fied/eligible physicians. Send your CV to Bruce Rogers Co., 
Management Consultants, 20 Main Street, Port Washington, 
NY 11050 (516) 883-1058. SS 








“© Round-the-clock cling—lies 
flat, holds tight. 


+ Hard to notice, easy to wear — 
semitransparent, soft and 
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e Push-button removal—just a 
press in the center raises the 
rim for easy lift-off. 


BRIEF SUMMARY 


INDICATIONS AND USAGE: This drug product | 
has been conditionally approved by the FDA 
for the prevention and treatment of angina | 
pectoris due to coronary artery disease. The 
conditional approval reflects a determination 
that the drug may be marketed while further in- 
vestigation of its effectiveness is undertaken | 
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MILWAUKEE AREA: CARDIOLOGIST BC/BE for invasive and nonin- 
vasive practice. Rapidly expanding Cardiology Department has an im- 
mediate opening for a third Cardiologist to join the staff of a 55 physi- 
cian multi-specialty clinic located in a suburban setting within 20 
minutes of downtown Milwaukee. Excellent salary and fringe benefits. 
Submit CV to Administrator, P.O. Box 427, Menomonee Falls, WI 
53051. (Equal Opportunity Employer). 








A final evaluation of the effectiveness of the 
product will be announced by the FDA. 


CONTRAINDICATIONS: Intolerance of organic 
nitrate drugs, marked anemia. 


WARNINGS: The NITRO-DUR system should be 
used under careful clinical and/or hemodynamic 
monitoring in patients with acute myocardial in- 
farction or congestive heart failure. 

In terminating treatment of anginal patients, 
both the dosage and frequency of application 
must be gradually reduced over a period of 4 to 
6 weeks in order to prevent sudden withdrawai 
reactions, which are characteristic of all vaso- 
dilators in the nitroglycerin class. 


PRECAUTIONS: Symptoms of hypotension, such 
as faintness, weakness or dizziness, particularly 
orthostatic hypotension, may be due to over- 
dosage. If during the course of treatment these 
symptoms occur, the dosage should be reduced 
or use of the product discontinued. 

NITRO-DUR is not intended for use in the 
treatment of acute anginal attacks. For this pur- 
pose, occasional use of sublingual nitroglycerin 
may be necessary. 

Pregnancy: Pregnancy Category C. Animal 
reproduction studies have not been conducted 
with NITRO-DUR. It is also not known whether 
nitroglycerin can cause fetal harm when adminis- 
tered to a pregnant woman or can affect repro- 
duction capacity. Nitroglycerin should be given to 
a pregnant woman only if clearly needed. 
Nursing Mothers: it is not known whether nitro- 

oo glycerin is excreted in human milk. Because 
many drugs are excreted in human milk, caution 
should be exercised when NITRO-DUR is admin- 
istered to a nursing woman. 

ADVERSE REACTIONS: Transient headache is 
the most common side effect, especially when 

"= higher doses of the drug are administered. Head- 
aches should be treated with mild analgesics 
while continuing NITRO-DUR therapy. If head- 
ache persists, the NITRO-DUR dosage should be 
reduced or use of the product discontinued. 

Adverse reactions reported less frequently in- 
clude hypotension, increased heart rate, faint- 

ness, flushing, dizziness, nausea, vomiting, and 

dermatitis. Except for dermatitis, these symptoms 
are attributed to the pharmacologic effects of 

_ nitroglycerin, However, they may be symptoms of 

‘overdosage. When they persist, the NITRO-DUR 

dosage should be reduced or use of the product 

discontinued. 

- CAUTION: Federal law prohibits dispensing 

Without prescription. EDP #1030160 

Revised 09/87 14362304 

‘Copyright © 1987, Key Pharmaceuticals, Inc. 

_- Kenilworth, NJ 07033. All rights reserved. 








INVASIVE CARDIOLOGIST for thirty-eight physician multi-spe- 
cialty group practice located in historic Fredericksburg, VA, locat- 
ed one hour south of Washington, D.C. Excellent quality of life near 


beaches, mountains, and ocean. Three physicians currently com- 
prise busy cardiology department. Send curriculum vitae to: Thom- 
as E. Wheeler, M.D., c/o JB Gillis, Pratt Medical Center, 1701 Fall 
HIH Avenue, Fredericksburg, VA 22401. 
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Marshfield Clinic, a 325-physician multi- 
specialty group, is seeking several inva- 
sive (but not interventional) cardiologists 
to join its expanding 13-member Cardiol- 
ogy Department. Currently morethan 2750 
cardiac catheterizations, 600 open heart 
operations, 250 electrophysiology proce- 
dures are performed annually. This is an 
outstanding opportunity for a BC/BE eli- 
gible cardiologist with three years of fel- 
lowship training. The position offers an ex- 
cellent starting salary, superior fringe 
benefits, and full partnership in two years. 
Send C.V. with first letter to: 











































W. Bruce Fye, M.D. 
Chairman 
Department of Cardiology 
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WHETHER ISCHEMIA 
STRIKES WITH 
PAINFUL VIOLENCE... 


TENORMIN reduces morethan Numerous studies demonstrate significantly improves exercise 
just painful myocardial ischemia. significant reductions in the tolerance and reduces the 
It reduces painless ischemia as frequency and duration of need for PRN nitroglycerin." 
well. Alone or in combination asymptomatic ST-segment It provides fundamental 
regimens, it lowers the patients depression." ischemic protection, making 
total ischemic burden.* In addition, TINORMIN it an integral part of any 

ICI PHARMA antianginal regimen. 


Division of ICI Americas Inc: | *The sum of painful and painless episodes. 
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3ta\~selective (cardioselective) blocking agent 


‘DESCRIPTION: TENORMIN (atenolol). a synthetic, beta,-selective (cardioselective) adrenoreceptor 
blocking agent. may be chemically described as benzeneacetamide. 4-[2’ -hydroxy-3’-{(1-methy/- 
< ethyl) amino} propoxy|-. Atenolol {Iree base) has a molecular weight of 266. It Is a relatively polar 
hydrophilic compound with a water solubility of 26.5 mg/mL at 37°C and a tog partition coefficient 
{octaniol/water) of 0.23. It is freely soluble in 1N HCI (300 mg/mL at 25° C) and less solubile in 
hloroform (3 mg/mL. at 25°C). 
TENORMIN is availabie as 50 mg and 100 mg tablets tor oral administration 
active ingredients; magnesium stearate, microcrystalline cellulose, povidone, sodium starch 


late. 
[NoicaTions AND USAGE: Hypertension: TENORMIN is indicated in the management of 
pertension. it may be used alone or concomitantly with other antihypertensive agents, particularly 


witha thiazide-type diuretic. 
na Pectoris Due to Atherosclerosis: TENORMIN is indicated for the long-term 


1anagement of patients with angina pectoris 
CONTRAINDIC TIONS: TENORMIN is contraindicated in sinus bradycardia, heart block greater 


pan ier Genres. cardiogenic shock, and overt cardiac failure. (See WARNINGS. } 
: Cardiac Failure: Sympathetic stimulation is necessary in supporting circulatory 
in congestive heart failure, and beta blockade carries the potential hazard of further 
“depressing myocardial contractility and precipitating more severe failure. In hypertensive patients who 
Nave congestive heart failure controlled by digitalis and diuretics, TENORMIN shouid be administered 
Cautiously. Both digitalis and. atenolol stow AV conduction 
Patients Without a Hi of Cardiac Failure: Continued depression of the myocardium with 
blocking agents over a period of time can, in some cases, lead to cardiac failure. At the first sign 
or symptom of impending cardiac failure, patients should be fully digitalized and/or be given a 
fiuretic and the response observed closely. If cardiac failure continues despite adequate digitali- 
ation and diuresis, TENORMIN should be withdrawn. (See Dosage and Administration.) 


Cessation of Therapy With TENORMIN: Patients with coronary artery disease. who are being 
- treated with TENORMIN, should be advised against abrupt discontinuation of therapy. Severe 
exacerbation of an and the occurrence of myocardial infarction and ventricular arrhythmias 
Nave been reported in angina patients following the abrupt discontinuation of therapy with other 
“bela blockers. The last two complications may occur with or without preceding exacerbation of 
“fhe angina pectoris. To date. there has been no report of myocardial infarction or severe angina 
upon. withdrawal of TENORMIN, probably due to its long plasma hall-life. Because of the 
4e"problems encountered with other beta blockers. when discontinuation of TENORMIN is planned. 
the patients shouid be carefully observed and advised to limit physical activity to a minimum. If 
the angiria worsens or acute coronary insufficiency develops, it is recommended that 
“TENORMIN be promptly reinstituted, at least temporarily. (See Dosage and Administration } 


-Bronchospestic Diseases: PATIENTS WITH BRONCHOSPASTIC DISEASE SHOULD, IN 
GENERAL, NOT RECEIVE BETA SLOCKERS. Because of its relative beta, 
TENORMIN may be used with caution in 
respond to, or cannot tolerate, other anti 
‘absolute, the lowest dose of RMIN should be used with 
S0 mg, anda -stimulating (bronchodilator) should be made dosage 
must be! dividing the should be considered in order to achieve lower peak 











Anesthesia and Major Surgery: As with all beta-receptor blocking drugs it may be decided to 
withdraw TENORMIN before surgery. in this case, 48 hours should be allowed to elapse between the 
jast dose and anesthesia. If treatment is continued, care should be taken when using anesthetic 
Jagents which depress the myocardium such as ether, cyclopropane, and trichloroethyiene. 
TENORMIN, like other beta blockers, is a competitive inhibitor of beta-receptor agonists and its 
etfects.on the heart can be reversed by administration of such agents (eg, dobutamine or isoprotereno! 
‘with Gaution-—see section on Overdosage). Manifestations of excessive vagal tone (eg. profound 
Sobradycardia, hypotension) may be corrected with atropine (1-2 mg IV} 
oc Dlabetes and Hypoglycemia TENORMIN should be used with caution in diabetic patients if a 
beta-biocking agent is required. Beta blockers may mask tachycardia occurring with hypoglycemia. 
other manifestations such as dizziness and sweating may not be significantly affected. 
ENORMIN does not potentiate insulin-induced hypoglycemia and. unlike nonselective beta 
blockers, does not delay recovery of blood glucose to normal levels 
1 y : Beta-adrenergic blockade may mask certain clinical signs (eg. tachycardia) of 
hyperthyroidism. Abrupt withdrawal of beta blockade might precipitate a thyroid Storm: theretore, 
‘patients suspected of developing thyrotoxicosis from whom TENORMIN therapy ts to be withdrawn 
wuld be monitored closely. (See Dosage and Administration.) 
CAUTIONS: i Renal Function: The drug should be used with caution in patients with 
renal function. (See Dosage and Administration.) 

+ Catecholamine-depleting drugs (eg. reserpine) may have an additive effect 
when given with beta-blocking agents. Patients treated with TENORMIN pius a catecholamine 
depletor should therefore be closely observed for evidence of hypotension and/or marked 

radycardia which may produce vertigo, syncope. or postural hypotension 
Should it be decided to discontinue therapy in patients receiving beta blockers and clonidine 
Sra ‘the beta blocker should be discontinued several days before the gradual withdrawal of 


Mutagenesis, impairment of Fertility: Two long-term (maximum dosing duration 
months) rat studies and one tong-term (maximum dosing duration of 18 months) mouse 
employing dose levels as high as 300 mg/kg/day or 150 times the maximum 
nded human dose. did not indicate a carcinogenic potential in rodents. Results of various 
tagenicity studies support this finding 
lity of male or female rats (evaluated at dose levels as high as 200 mg/kg/day or 100 times the 
um recommended human dose) was unaffected by atenolo! administration 
K 'hronic studies performed in animals have revealed the occurrence of 
helial ceils of Brunner s glands in the duodenum of both male and female dogs at all 
t atenolol (starting at 15. mg/kg/day or 7.5 times the maximum recommended 
dese}. and increased incidence of atrial degeneration of hearts of male rats at 300 mg but not 
150 p! atenolol/kg/day (150 and 75 times the maximum recommended human dose, respectively). 
q InP Y: Pregnancy Category C. Atenolol has been shown to produce a dose- 
jelated increase in embryo/fetal resorptions in rats at doses equal fo or greater than 50 mg/kg/day or 
5 of More times the maximum recommended human dose. Although similar effects were not seen in 
iobils the compound was not evaluated in rabbits at doses above 25 mg/kg/day or 12.5 times the 
imum recommended human dose. There are no adequate and well-controlled studies in pregnant 
NE ENORMIN should be used during pregnancy only if the potential benefit justifies the 
potent 


tisk to the fetus. 
Nursing hers: Atenolol is excreted in human breast milk at a ratio of 1.5 to 6.8 when compared 
tò the concentration in plasma. Caution should be exercised when TENORMIN is administered toa 


nursing woman: : : 
Pediatric Use: Safety and effectiveness in children have not been established. 


f ve.b d transi requency estimates 
were derived from controlled studies in. which adverse ete either volunteered by the patient 
(US studies) or elicited, eg, by checklist (foreign studi feported frequency of elicited adverse 
effects was higher for both TENORMIN {atenoiol). and placebo-treated:patients than when these 0: 
reactions were volunteered. Where frequency of adverse effects for TENORMIN and placebo is simi 
causal relationship to TENORMIN is uncertain: j X 4 : Oe 

The following adverse-reaction data present frequency estimates in terms of percentages: first from: 
the US studies (volunteered side effects) and then from both US and foreign studies (volunteered and. 
elicited side effects): 

US STUDIES {% ATENOLOL-% PLACEBO): s 

CARDIOVASCULAR: bradycardia (3%-0%), cold extremities (0%-0.5%), postural hypotension: 
(2%-1%). leg pain (0%-0.5%) 

CENTRAL NERVOUS SYSTEM/NEUROMUSCULAR: dizziness (4%-1%), vertigo (2%-0.5%); u. 
lightheadedness (1%-0%). tiredness (0.6%-0.5%), fatigue (3%-1%), lethargy (1%-0%), drowsiness...) 
{0.6%-0%), depression (0.6%-0.5%), dreaming (0%-0%) PLUAN 
GASTROINTESTINAL: diarrhea (2%-0%), nausea (4%-1%) 
RESPIRATORY (see WARNINGS): wheeziness (0%-0%), dyspnea (0.6%-1%) 
TOTALS US AND FOREIGN STUDIES: 
CARDIOVASCULAR: bradycardia (3%-0%), coid extremities (12%-5%), postural hypotension. 
(4%-5%). leg pain (3%-1%) 
CENTRAL NERVOUS SYSTEM/NEUROMUSCULAR: dizziness (13%-6%), vertigo (2%-0.2%) > = 
lightheadedness (3%-0.7%), tiredness (26%-13%), fatigue (6%-5%), lethargy (3%-0.7%), drowsiness 
(2% -0.5%), depression (12%-9%), dreaming (3%-1%) 

GASTROINTESTINAL; diarrhea (3%-2%), nausea (3%-1%) 
RESPIRATORY (see WARNINGS): wheeziness (3%-3%). dyspnea (6%-4%) 
MISCELLANEOUS: There have been reports of skin rashes and/or dry eyes associated with the use 
of beta-adrenergic blocking drugs. The reported incidence is small and, in most cases, the symptoms 
have cleared when treatment was withdrawn. Discontinuance of the drug should be considered if an 
such reaction is not otherwise explicable. Patients should be closely monitored following cessation of 
therapy 
POTENTIAL ADVERSE EFFECTS: in addition, a variety of adverse effects have been reported with 
le Data adrenergic blocking agents, and may be considered potential adverse effects of 

i 

HEMATOLOGIC: Agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic purpura 

ALLERGIC: Fever, combined with aching and sore throat, jatyngospasm, and respiratory distress. 

CENTRAL NERVOUS SYSTEM: Reversible mental depression progressing to catatonia, visual 
disturbances, hallucinations, an acute reversible syndrome characterized by disorientation of time 
and place, short-term memory loss, emotional lability with slightly clouded sensorium, decreased 
performance on neuropsychometrics. 

GASTROINTESTINAL: Mesenteric arterial thrombosis, ischemic colitis. 

OTHER: Reversible alopecia, Peyronie's disease. erythematous rash, Raynaud's phenomenon 

MISCELLANEOUS: The oculomucocutaneous syndrome associated with the beta blocker practolol 
has not Geen reported with TENORMIN during investigational use and foreign marketing experience: 
Furthermore, a number of patients who had previously demonstrated established practolol reactions 
were transferred to TENORMIN therapy with subsequent resolution or quiescence of the reaction 

GE: To date. there is no known case of acute overdosage. and no specific information on 
emergency treatment of overdosage is available. The most common effects expected with overdosage 
of a beta-adrenergic blocking agent are bradycardia, congestive heart failure. hypotension, 
bronchospasm, and hypoglycemia 

in the case of overdosage. treatment with TENORMIN shouid be stopped and the patient carefully 
observed. TENCRMIN can be removed from the general circulation by hemodialysis, in addition to 
gastric lavage, the following therapeutic measures are suggested if warranted: 

BRADYCARDIA cere or another anticholinergic drug. 

HEART BLOCK (SECOND OR THIRD DEGREE): Isoproterenol or transvenous cardiac pacemaker. 

CONGESTIVE HEART FAILURE: Conventional therapy. 

HYPOTENSION (DEPENDING ON ASSOCIATED FACTORS): Epinephrine rather than isoproterenol 
of norepinephrine may be useful in addition fo atropine and digitalis. 

BRONCHOSPASM: Aminophyiline, isoproterenol, or atropine. 

HYPOGLYCEMIA: Intravencus glucose. 

DOSAGE AND ADMINISTRATION: Hypertension: The initial dose of TENORMIN is 50 mg given as 
one tabiel a day either alone or added to diuretic therapy. The full effect of this dose will usually be 
seen within tto 2 weeks. lf an optimal response is not achieved, the dosage should be increased to 
TENORMIN 100 mg given as one tablet a day. Increasing the dosage beyond 100 mg a day is unlikely 
to produce any further benefit. 

TENORMIN may be used alone or concomitantly with other antihypertensive agents including 
thiazide-lype diuretics, hydralazine, prazosin, and alpha-methyidopa. 

Pectoris: The initial dose of TENORMIN is 50 mg given as one tablet a day. if an optimal 
response is not achieved within t week, the dosage should be increased to TENORMIN 100 mg given 
as one tablet a day. Some patients may require a dosage of 200 mg once a day tor optimal effect. 

Twenty-four-hcur control with once-daily dosing is achieved by giving doses larger than necessary 
to achieve an immediate maximum effect. The maximum early effect on exercise tolerance occurs 
with doses of 50 to 100 mg, but at these doses the effect al 24 hours is attenuated. averaging about 
50% to 75% of that observed with once-a-day ora! doses of 200 mg. 

Patients with Renal impairment: Since TENORMIN is excreted via the kidneys, dosage 
should be adjusted in cases of severe impairment of renal function. No significant accumulation of 
TENORMIN occurs until creatinine clearance falls below 35 mL/min/1.73 m? (normal range is 
100-150 mL/min/1.73 m2); therefore, the following maximum dosages are recommended 
for patients with renal impairment 














































Creatinine Clearance Atenolol 


(mLimin/1.73 m2) Elimination Half-life (h) Maximum Dosage 
15-35 16-27 50 mg daily 
<15 >27 50 mg every other day 


Patients on hemodialysis should be given 50 mg after each dialysis; this shouid be done under 
hospital supervision as marked falis in biood pressure can occur. g 
Cessation of Therapy: If withdrawal of TENORMIN therapy is planned, it should be achieved __ 
eriod of about 2 weeks. Patients should be carefully observed and advised to limit 
a minimum 
: Tablets of 50 mg atenolol, NOC 0310-0105 (round, flat, uncoated white tablets _ 
identified with ICI debossed on one side and 105 debossed on the other side, bisected) are supplied 
in botties of 100 tablets and unit-dose pecka es of 100 tablets. i i A 
Tablets of 100 mg atenolol, NDC 0310-0101 (round, flat. uncoated white tablets identilied with ICI 
debossed on one side and 101 debossed on the other side) are supplied in bottles of 100 tablets and 
unit-dose packages of 100 tablets 
Protect from heat, tight, and moisture. 


gradually over a 
hysical activit b 
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Two-Dimensional Echocardiographic Aortic Root Dimensions 
in Normal Children and Adults 

Mary J. Roman, Richard B. Devereux, Randi Kramer-Fox, and John 
O'Loughlin, with the technical assistance of Mariane Spitzer and 

June Robins 


We measured aortic root diameters by 2-dimensional echocardiography at 
the levels of the anulus, sinuses of Valsalva, supraaortic ridge and proxi- 
mal ascending aorta in 135 normal adults and 52 normal children and 
compared them with age, gender, body habitus, blood pressure and stroke 
volume, and with M-mode measurements. We present the nomograms 
and partition values for upper normal limits of 2-dimensional echocardio- 
graphic aortic measurements. Our findings indicate that (1) aortic root 
dimensions are influenced by age and body size but not by blood pressure; 
(2) aortic root dilatation is overdiagnosed when aortic diameter at the 
sinuses of Valsalva is compared with M-mode nomograms; (3) nomo- 
grams comparing aortic diameter with body surface area should be used in 
children; and (4) although use of nomograms based on body size in adults 
should maximize sensitivity for aortic dilatation, 98% specificity is at- 
tained by use of a simple upper normal limit of 2.1 cm/m? for aortic 
diameter at the sinuses of Valsalva in adult men and women. 


513 a eae 
Maximal Coronary Vasodilator Capacity of Orthotopic Heart 
Transplants in Patients With and Without Rejection 

Alain Nitenberg, Oscar Tavolaro, Daniel Loisance, Jean-Marc Foult, Luc 
Hittinger, Eduardo Aptecar, and Jean-Paul Cachera 


To further define the coronary vasodilator capacity of orthotopic human 
heart transplants, we measured coronary sinus blood flow and coronary 
resistance before and after dipyridamole-induced vasodilation in 8 pa- 
tients without histologic signs of heart rejection and in 5 patients with mild 
to moderate signs of rejection. All had normal coronary arteriograms. 
Results were compared to those of 8 normal subjects. In patients without 
heart rejection coronary flow reserve evaluated by the dipyridamole/basal 
coronary sinus blood flow ratio, and the coronary resistance reserve evalu- 
ated by the basal /dipyridamole coronary resistance ratio, were similar to 
those of normal subjects. In patients with heart rejection, coronary flow 
and resistance reserve were severely impaired. These results emphasize the 
important involvement of the coronary microcirculation in the rejection 
process. 









S19 n es 
Effect of Weight Loss on Coagulation Factors VII and X 
John A. Baron, Jim Mann, and Thérèse Stukel 



































We carried out repeated measurements of plasma lipids and coagulation 
factors VII and X in 114 overweight subjects attempting to lose weight. 
During the first month of the study our subjects lost an average of 3.5 kg, 
and both coagulation factors decreased. During the next 2 months, despite 
continued weight loss, the factors returned to or above baseline levels. 
Changes in weight or in lipoproteins did not explain this increase. 


523 oe eee 2 a SE Rr ed eee ee ae eee 
Mechanism of Altered Pattern of Left Ventricular Filling With 
Aging in Subjects Without Cardiac Disease 

Thomas R. Downes, Abdel-Mohsen Nomeir, Karen M. Smith, Kathy P. 
Stewart, and William C. Little 


The mechanism whereby aging, in the absence of cardiac disease, may 
alter the pattern of left ventricular (LV) diastolic filling is unknown. This 
study was designed to examine the factors that may be in part responsible 
for the effect of aging on the pattern of LV diastolic filling. Eleven elderly 
subjects and 15 normal young adults without coronary artery disease, 
systemic hypertension, LV hypertrophy or abnormality of LV systolic 
function were included. All subjects underwent catheterization and pulsed 
Doppler analysis of mitral flow. The pattern of diastolic filling was altered 
in the elderly subjects; their peak early filling velocity was decreased in 
comparison with that of young adults (61 + 14 vs 83 + 8 cm/s, p <0.001) 
and the ratio of early and late diastolic filling velocity was accordingly 
reduced. The isovolumic relaxation time did not significantly differ be- 
tween the 2 groups. In the elderly, LV end-diastolic pressure was increased 
despite a smaller end-diastolic volume index. We conclude that early 
diastolic filling is reduced in normal elderly subjects even in the absence of 
coronary artery disease. The altered pattern of filling may result from a 
shift in the passive LV diastolic pressure-volume relation. 


SOI ac 
Doppler Echocardiography and Ultrafast Cine Computed 
Tomography During Dynamic Exercise in Chronic Parenchymal 
Pulmonary Disease 

Ronald B. Himelman, Joseph A. Abbott, Edmond Lee, Nelson B. Schiller, 
Nathan C. Dean, and Michael S. Stulbarg 


We evaluated 21 patients with advanced chronic lung disease and 10 
normal control subjects by Doppler echocardiography and ultrafast cine 
computed tomography (CT) for changes in right ventricular (RV) pres- 
sure, volume and function during incremental, symptom-limited supine 
bicycle exercise. RV systolic pressure during exercise was determined by 
saline-enhanced Doppler of tricuspid regurgitation. RV ejection fraction, 
end-diastolic volume, stroke volume and cardiac index were obtained by 
CT at rest and peak exercise. Compared with control subjects, patients 
with lung disease showed significantly higher values for RV systolic pres- 
sure and lower mean values for RV ejection fraction both at rest and at 
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In randomized, double-blind crossover studies,’? Sectral® (acebutolol HCI) 
was shown to be as effective as quinidine in reducing spontaneous 
premature ventricular contractions (PVCs), exercise-induced PVCs and 
complex PVCs* Unlike quinidine, Sectral® was not associated with drug- 
related gastric discomfort or diarrhea.'? Clinical experience in over 1,000 
patients yielded only a 4 percent incidence of diarrhea, constipation or 
flatulence. 


As the investigators commented: “The antiarrhythmic activity of (Sectral®), 


its ancillary pharmacologic properties, and its tolerance by a diverse 
group of patients make (Sectral®) a significant tool for the clinician in the 
management of chronic arrhythmia.”? 
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(Brief summary of prescribing information) 


CONTRAINDICATIONS: SECTRAL is contraindicated in: 1) persistently severe bradycardia; 
2)second- and third-degree heart block; 3) overt cardiac failure; and 4) cardiogenic shock. (See 
WARNINGS) 
WARNINGS: CARDIAC FAILURE: Sympathetic stimulation may be essential for support of the 
circulation in individuals with diminished myocardial contractility, and its inhibition by B - 
adrenergic receptor blockade may precipitate more severe failure. Although B-blockers should be 
avoided in overt cardiac failure, SECTRAL can be used with caution in patients with a history of 

__ heart failure who are controlled with digitalis and/or diuretics. Both digitalis and SECTRAL 
impair AV conduction. If cardiac failure persists, therapy with SECTRAL should be withdrawn. 
IN PATIENTS WITHOUT A HISTORY OF CARDIAC FAILURE: In patients with aortic or mitral 
valve disease or compromised left ventricular function, continued depression of the myocardium 
with B -blocking agents over a period of time may lead to cardiac failure. At the first signs of 
failure, patients should be digitalized and/or be given a diuretic and the response observed 
closely. If cardiac failure continues despite adequate digitalization and/or diuretic, SECTRAL 
therapy should be withdrawn. 
EXACERBATION OF ISCHEMIC HEART DISEASE FOLLOWING ABRUPT WITHDRAWAL: 
Following abrupt cessation of therapy with certain B-blocking agents in patients with coronary 
artery disease, exacerbation of angina pectoris and, in some cases, myocardial infarction and 
death have been reported. Therefore, such patients should be cautioned against interruption of 
therapy without a physician's advice. Even in the absence of overt ischemic heart disease, when 
discontinuation of SECTRAL is planned, the patient should be carefully observed, and should be 
advised to limit physical activity to a minimum while SECTRAL is gradually withdrawn over a 
period of about two weeks. (If therapy with an alternative B-blocker is desired, the patient may be 
transferred directly to comparable doses of another agent without interruption of B-blocking 
therapy). If an exacerbation of angina pectoris occurs, anti-anginal therapy should be restarted 
immediately in full doses and the patient hospitalized until his condition stabilizes. 
PERIPHERAL VASCULAR DISEASE: Treatment with B-antagonists reduces cardiac output and 
can precipitate or aggravate the symptoms of arterial insufficiency in patients with peripheral or 
mesenteric vascular disease. Caution should be exercised with such patients and they should be 
observed closely for evidence of progression of arterial obstruction. 
BRONCHOSPASTIC DISEASES: PATIENTS WITH BRONCHOSPASTIC DISEASE SHOULD, IN 
GENERAL, NOT RECEIVE AB-BLOCKER. Because of its relative B,-selectivity, however, low 
doses of SECTRAL may be used with caution in patients with bronchospastic disease who do not 
respond to, or who cannot tolerate, alternative treatment. Since B ,-selectivity is not absolute and 
is dose-dependent, the lowest possible dose of SECTRAL should be used initially, preferably in 
divided doses to avoid the higher plasma levels associated with the longer dose-interval. A 
bronchodilator, such as a theophylline or a B „stimulant, should be made available in advance 
with instructions concerning its use. 


ANESTHESIA AND MAJOR SURGERY: The necessity, or desirability, of withdrawal of a B- 

blocking therapy prior to major surgery is controversial. B -adrenergic receptor blockade impairs 

__ the ability of the heart to respond to B -adrenergically mediated reflex stimuli. While this might be of 
benefit in preventing arrhythmic response, the risk of excessive myocardial depression during 
general anesthesia may be enhanced and difficulty in restarting and maintaining the heartbeat has 
been reported with beta-blockers. If treatment is continued, particular care should be taken when 
using anesthetic agents which depress the myocardium, such as ether, cyclopropane and 
trichlorethylene, and it is prudent to use the lowest possible dose of SECTRAL. SECTRAL, like 
other B -blockers, is a competitive inhibitor of B-receptor agonists and its effect on the heart can be 
reversed by cautious administration of such agents (e.g., dobutamine or isoproterenol—see 
OVERDOSE). Manifestations of excessive vagal tone (e.g., profound bradycardia, hypotension) 
may be corrected with atropine 1 to 3 mg i.v. in divided doses. 
DIABETES AND HYPOGLYCEMIA: B -blockers may potentiate insulin-induced hypoglycemia and 
mask some of its manifestations such as tachycardia; however, dizziness and sweating are usually 
not significantly affected. Diabetic patients should be warned of the possibility of masked 
hypoglycemia. 
THYROTOXICOSIS: B -adrenergic blockade may mask certain clinical signs (tachycardia) of 
hyperthyroidism. Abrupt withdrawal of B-blockade may precipitate a thyroid storm; therefore, 
patients suspected of developing thyrotoxicosis from whom SECTRAL therapy is to be withdrawn 

~ should be monitored closely. 
PRECAUTIONS: IMPAIRED RENAL OR HEPATIC FUNCTION: Studies on the effect of acebutolo! 
in patients with renal insufficiency have not been performed in the U.S. Foreign published 
experience shows that acebutolol has been used successfully in chronic renal insufficiency. 
Acebutolol is excreted through the G.I. tract, but the active metabolite, diacetolol, is eliminated 
predominantly by the kidney. There is a linear relationship between renal clearance of diacetolol 
and creatinine clearance. Therefore, the daily dose of acebutolol should be reduced by 50% when 
the creatinine clearance is less than 50 mL/min and by 75% when it is less than 25 mL/min. 
SECTRAL should be used cautiously in patients with impaired hepatic function. 

-SECTRAL has been used successfully and without problems in elderly patients in the U.S. 
Clinical trials without specific adjustment of dosage. However, elderly patients may require lower 
maintenance doses because the bioavailability of both SECTRAL and its metabolite are 
approximately doubled in this age group. 

CLINICAL LABORATORY FINDINGS: SECTRAL, like other B-blockers, has been associated with 
the development of antinuclear antibodies (ANA). In prospective clinical trials, patients receiving 
‘SECTRAL had a dose dependent increase in the development of positive ANA titers and the overall 
__ incidence was higher than that observed with propranolol. Symptoms (generally persistent 
arthralgias and myalgias) related to this laboratory abnormality were infrequent (less than 1% with 
both drugs). Symptoms and ANA titers were reversible upon discontinuation of treatment. 
INFORMATION FOR PATIENTS: Patients, especially those with evidence of coronary artery 
disease, should be warned against interruption or discontinuation of SECTRAL therapy without a 
physician's supervision. Although cardiac failure rarely occurs in properly selected patients, those 
being treated with B-adrenergic blocking agents should be advised to consult a physician if they 
develop signs or symptoms suggestive of impending CHF, or unexplained respiratory symptoms. 

Patients should also be warned of possible severe hypertensive reactions from concomitant use 
of a-adrenergic stimulants such as the nasal decongestants commonly used in OTC cold 
preparations and nasal drops. 

DRUG INTERACTIONS: Catecholamine-depleting drugs, such as reserpine, may have an 
= additive effect when given with B-blocking agents. Patients treated with SECTRAL plus 

_ catecholamine depletors should, therefore, be observed closely for evidence of marked 
bradycardia or hypotension which may present as vertigo, syncope/pre-syncope, or ortho- 
Static changes in blood pressure without compensatory tachycardia. Exaggerated hypertensive 
responses have been reported from the combined use of B-adrenergic antagonists and a- 
adrenergic stimulants, including those contained in proprietary cold remedies and vaso- 
constrictive nasal drops. Patients receiving 6-blockers should be warned of this potential 
hazard. No significant interactions with digoxin, hydrochlorothiazide, hydralazine, 
sulfinpyrazone, oral contraceptives, tolbutamide or warfarin have been observed. 





CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Chronic oral toxicity 
studies in rats and mice, employing dose levels as high as 300 mg/kg/day, which is equivalent 
to 15 times the maximum recommended (60 kg) human dose, did not indicate a carcinogenic 
potential for SECTRAL (acebutolol HCI). Diacetolol, the major metabolite of SECTRAL in man, 
was without carcinogenic potential in rats when tested at doses as high as 1800 mg/kg/day. 
SECTRAL and diacetolol were also shown to be devoid of mutagenic potential in the Ames 
Test. SECTRAL, administered orally to two generations of male and female rats at doses of up 
to 240 mg/kg/day [equivalent to 12 times the maximum recommended therapeutic dose in (a 
60 kg) man] and diacetolol, administered to two generations of male and female rats at doses 
of up to 1000 mg/kg/day, had no significant impact on reproductive performance or fertility. 
TERATOGENIC EFFECTS: Pregnancy Category B: Reproduction studies have been 
performed with SECTRAL in rats and rabbits at doses of up to 60 mg/kg/day, the equivalent of 
3 times the maximum recommended therapeutic dose in (a 60 kg) man. Studies have also been 
performed in these species with diacetolol (at doses of up to 450 mg/kg/day in rabbits and up 
to 1800 mg/kg/day in rats). Other than a significant elevation in postimplantation loss with 450 
mg/kg/day diacetolol, a level at which food consumption and body weight gain was reduced in 
rabbit dams and a non-statistically significant increase in incidence of bilateral cataract in rat 
fetuses from dams treated with 1800 mg/kg/day diacetolol, there was no evidence of harm to 
the fetus with either drug. There are no adequate and well-controlled trials in pregnant women 
in the U.S.; however, studies have shown that both acebutolo! and diacetolol cross the placenta. 
Because animal teratology studies are not always predictive of the human response, SECTRAL 
should be used during pregnancy only if the potential benefit justifies the risk to the fetus. 
Labor and Delivery: The effect of SECTRAL on labor and delivery in pregnant women is 
unknown. Studies in animals have not shown any effect of SECTRAL on the usual course of 
labor and delivery. 
Nursing Mothers: Acebutolol and diacetolol also appear in breast milk with a milk:plasma ratio 
of 7.1 and 12.2, respectively. Use in nursing mothers is not recommended. 
Pediatric Use: Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS: SECTRAL is well tolerated in properly selected patients. Most adverse 
reactions have been mild, not required discontinuation of therapy, and tended to decrease as 
duration of treatment increases. 

The following table shows the frequency of treatment-related side effects derived from 
controlled clinical trials in patients with hypertension, angina pectoris, and arrhythmia. These 
patients received SECTRAL, propranolol, or hydrochlorothiazide as monotherapy, or placebo. 


TOTAL VOLUNTEERED AND ELICITED (U.S. STUDIES) 


SECTRAL 
(N=1002) 
% 


Hydrochloro- 
Propranolol thiazide 
(N=424) (N=178) 
% % 
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(N=314) 
% 


Body System/ 
Adverse Reaction 

















Cardiovascular 
Chest Pain 
Edema 

Central Nervous System 
Depression 
Dizziness 
Fatigue 
Headache 
Insomnia 
Abnormal 
dreams 

Dermatologic 
Rash 

Gastrointestinal 
Constipation 
Diarrhea 
Dyspepsia 
Flatulence 
Nausea 

Genitourinary 
Micturition 
(frequency) 

Musculoskeletal 
Arthraigia 
Myaigia 

Respiratory 
Cough 1 
Dyspnea 4 6 
Rhinitis 2 

Special Senses 
Abnormal Vision 2 2 3 0 
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The following selected (potentially important) side effects were seen in up to 2% of 
SECTRAL patients: Cardiovascular: hypotension, bradycardia, heart failure. Central Nervous 
System: anxiety, hyper/hypoesthesia, impotence. Dermatological: pruritus. Gastrointestinal: 
vomiting, abdominal pain. Genitourinary: dysuria, nocturia. Musculoskeletal: back pain, joint 
pain. Respiratory: pharyngitis, wheezing. Special Senses: conjunctivitis, dry eye, eye pain. 

The incidence of drug-related adverse effects (volunteered and solicited) according to 
SECTRAL dose is shown below. (Data from 266 hypertensive patients treated for 3 months on 
a constant dose.) 





400 mg/ 800 mg/ 1200 mg/ 
day day day 
Body System (N=132) (N=63) (N=71) 
Cardiovescular 5% 2% 1% 
Gastrointestinal 3% 3% 7% 
Musculoskeletal 2% 3% 4% 
Central Nervous 
System 9% 13% 17% 
Respiratory 1% 5% 6% 
Skin 1% 2% 1% 
Special Senses 2% 2% 6% 
Genitourinary 2% 3% 1% 





POTENTIAL ADVERSE EFFECTS: In addition, certain adverse effects not listed above have 
been reported with other B -blocking agents and should also be considered as potential adverse 
effects of SECTRAL. 

Central Nervous System: Reversible mental depression progressing to catatonia (an acute 
syndrome characterized by disorientation for time and place), short-term memory loss, 
emotional lability, slightly clouded sensorium, and decreased performance 
(neuropsychometrics). 

Cardiovascular: Intensification of AV block (see CONTRAINDICATIONS). 

Allergic: Erythematous rash, fever combined with aching and sore throat, laryngospasm, and 
respiratory distress. 

Hematologic: Agranulocytosis, non-thrombocytopenic, and thrombocytopenic purpura. 
Gastrointestinal: Mesenteric arterial thrombosis and ischemic colitis. 

Miscellaneous: Reversible alopecia and Peyronie's disease. The oculomucocutaneous 
syndrome associated with the B-blocker practolol has not been reported with SECTRAL during 
investigational use and extensive foreign clinical experience. 


Keep at room temperature. Approximately 25°C (77°F). 
*Sectral® is not indicated in ventricular tachycardia 
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- peak e exercise. The patients wh demonstrated oxyhemoglob 

_ tion during exercise showed the most abnormal cardiac responses, ` 
marked increases in mean RV systolic pressure, decreases in mean RV 
ejection fraction and blunted increases in cardiac index and RV stroke 
volume. Doppler echocardiography and CT provide complementary and 
potentially useful information in the clinical setting about right-sided 
cardiac pressures and RV ejection fraction during exercise in patients with 
advanced chronic lung disease. 
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_TRANDATE* Tablets 
(labetalol hydrochloride) 


; fablets product labeling. 
-CONTRAINDICATIONS: TRANDATE” Tablets are contraindicated in bronchial asthma, overt cardiac 
faura, greater-than-first-degree heart block, cardiogenic shock, and severe bradycardia (see WARN- 


WARNINGS: Cardiac Failure: Sympathetic stimulation is a vital component supporting circulatory 

function in congestive heart failure. Beta-blockade carries a potential hazard of further depressing 
myocardial contractility and precipitating more severe failure. Although beta-blockers should be 
avoided in overt congestive heart failure, if necessary, labetalol HC! can be used with caution in 
‘patients with a history of heart failure who are well compensated. Congestive heart failure has been 
observed in patients receiving labetalol HCI. Labetalol HCI does not abolish the inotropic action of 
digitalis on heart muscle. 

In Patients Without a History of Cardiac Failure: in patients with latent cardiac insufficiency, contin- 
depression of the myocardium with beta-blocking agents over a period of time can, in some 
cases, lead to cardiac failure. At the first sign or symptom of impending cardiac failure, patients 
should be fully digitalized and/or be given a diuretic, and the response should be observed closely. If 
cardiac failure continues despite adequate digitalization and diuretic, TRANDATE® therapy should be 
ithdrawn (gradually, if possible). 
Exacerbation of Ischemic Heart Disease Following Abrupt Withdrawal: Angina pectoris has not been 

-reported upon labetalol HCI discontinuation. However, hypersensitivity to catecholamines has been 
observed in patients withdrawn from beta-blocker therapy; exacerbation of angina and, in some 
Cases, myocardial infarction have occurred after abrupt discontinuation of such therapy. When dis- 
continuing chronically administered TRANDATE, particularly in patients with ischemic heart disease, 
the dosage should be gradually reduced over a period of one to two weeks and the patient should be 

“carefully monitored. If angina markedly worsens or acute coronary insufficiency develops, TRANDATE 
administration should be reinstituted promptly, at least temporarily, and other measures appropriate 
for the management of unstable angina should be taken. Patients should be warned against interrup- 
tion of discontinuation of therapy without the physician's advice. Because coronary artery disease is 

ommon and may be unrecognized, it may be prudent not to discontinue TRANDATE therapy abruptly 
‘even in patients treated only for hypertension. 

Nonallergic Bronchospasm (eg, Chronic Bronchitis and Emphysema): Patients with bronchospastic 
disease should, in general, not receive beta-blockers. TRANDATE may be used with caution, 
however, in patients who do not respond to, or cannot tolerate, other antihypertensive agents. itis 
prudent, f TRANDATE is used, to use the smallest effective dose, so that inhibition of endogenous or 
exogenous beta-agonists is minimized. 

' omacytoma: Labetalo! HC! has been shown to be effective in lowering blood pressure and 
relieving symptoms in patients with pheochromocytoma. However, paradoxical hypertensive 
responses have been reported in a few patients with this tumor; therefore, use caution when adminis- 
tering labetaio! HC! to patients with pheochromocytoma. 

Diabetes Mellitus and Hypoglycemia: Beta-adrenergic blockade may prevent the appearance of 
premonitory signs and symptoms (eg, tachycardia) of acute hypoglycemia. This is especially impor- 
tant with labile diabetics. Beta-biockade also reduces the release of insulin in response to hyperglyce- 
mia; it may therefore be necessary to adjust the dose of antidiabetic drugs. 
‘Major Surgery: The necessity or desirability of withdrawing beta-blocking therapy before major 
surgery is controversial. Protracted severe hypotension and difficulty in restarting or maintaining a 
heartbeat have been reported with beta-blockers. The effect of labetalol HC!'s alpha-adrenergic activity 
has not beer evaluated in this setting. 

“A synergism between labetalo! HC! and halothane anesthesia has been shown (see PRECAUTIONS: 

Drug interactions). 

PRECAUTIONS: General: Impaired Hepatic Function: TRANDATE” Tablets should be used with 

Caution in patients with impaired hepatic function since metabolism of the drug may be diminished. 
Jaundice or Hepatic Dysfunction: On rare occasions, labetalol HCI has been associated with 
jaundice (both hepatic and cholestatic). It is therefore recommended that treatment with labetalol HC! 

-be stopped immediately should a patient develop jaundice or laboratory evidence of liver injury. Both 

have been shown to be reversible on stopping therapy. 

‘Information for Patients: As with all drugs with beta-blocking activity, certain advice to patients being 
treated with labetalol HCI is warranted. This information is intended to aid in the safe and effective use 
of this ‘medication. It is not a disclosure of all possible adverse or intended effects. While no incidence 
of the abrupt withdrawal phenomenon (exacerbation of angina pectoris) has been reported with 
labetalol HCI, dosing with TRANDATE Tablets should not be interrupted or discontinued without a 
physician's advice. Patients being treated with TRANDATE Tablets should consult a physician at any 
sign of impending cardiac failure. Also, transient scalp tingling may occur, usually when treatment 

with TRANDATE Tablets is initiated (see ADVERSE REACTIONS). 

Laboratory Tests: As with any new drug given over prolonged periods, laboratory parameters should 

observed over regular intervals. In patients with concomitant ilinesses, such as impaired renal 

function, appropriate tests should be done to monitor these conditions. 

Drug Interactions: In one survey, 2.3% of patients taking labetalol HC! in combination with tricyclic 

idepressants experienced tremor as compared to 0.7% reported to occur with labetalol HCI alone. 

The contribution of each of the treatments to this adverse reaction is unknown, but the possibility of a 

drug interaction cannot be excluded. 

gs possessing beta-blocking properties can blunt the bronchodilator effect of beta-receptor 
agonist drugs in patients with bronchospasm; therefore, doses greater than the normal antiasthmatic 

‘dose of beta-agonist bronchodilator drugs may be required. 

Cimetidine has been shown to increase the bioavailability of labetalo! HCI, Since this could be 
explained either by enhanced absorption or by an alteration of hepatic metabolism of labetalol HCI, 
pecial care should be used in establishing the dose required for blood pressure control in such patients. 
ynergism has-been shown between halothane anesthesia and intravenously administered labetalol 
31. During controlled hypotensive anesthesia using labetalol HCI in association with halothane, high 
concentrations (3% or above) of halothane should not be used because the degree of hypotension will 





BRIEF SUMMARY 


is a brief summary only. Before prescribing, see complete prescribing information in 


Printed in USA < 





TRANDATE® (labetalol hydrochloride) Tablets es e 
be increased and because of the possibility of a large reduction in cardiac. output arid an increase in 
an venous pressure. The anesthesiologist should be informed when a patient is receiving labetalol : 


Labetaio! HCI blunts the reflex tachycardia produced by nitroglycerin without preventing its hypo- 
tensive effect. If labetalol HCI is used with nitroglycerin in patients with angina pectoris, additional 
antihypertensive effects may occur. 

Drug/Laboratory Test Interactions: The presence of a metabolite of labetalol in the urine may result in 
falsely increased levels of urinary catecholamines when measured by a nonspecific trinydroxyindole 
(THI) reaction, In screening patients suspected of having a pheochromocytoma and being treated with 
Jabetalol HCI, specitic radioenzymatic or high performance liquid chromatography assay techniques 
should be used to determine levels of catecholamines or their metabolites. 

Carcinogenesis, Mutagenesis, impairment of Fertility: Long-term oral dosing studies with labetalol 
HCI for 18 months in mice and for two years in rats showed no evidence of carcinogenesis. Studies 
with labetalol! HCI using dominant lethal assays in rats and mice and exposing microorganisms 
according to modified Ames tests showed no evidence of mutagenesis. 

Pregnancy: Teratogenic Effects: Pregnancy Category C: Teratogenic studies were performed with 
labetalol in rats and rabbits at oral doses up to approximately six and four times the maximum recom- 
mended human dose (MRHD), respectively. No reproducible evidence of fetal malformations was 
observed. Increased fetal resorptions were seen in both species at doses approximating the MRHD. 

A teratology study performed with labetalol in rabbits at intravenous doses up to 1.7 times the MRHD 
revealed no evidence of drug-related harm to the fetus. There are no adequate and well-controlled 
Studies in pregnant women. Labetalo! should be used during pregnancy only if the potential benefit 
justifies the potential risk to the fetus. 

Wonteratogenic Effects: infants of mothers who were treated with labetalo! HCI during pregnancy 
did not appear to be adversely affected by the drug. Oral administration of labetalol to rats during late 
gestation through weaning at doses of two to four times the MRHD caused a decrease in neonatal 
survival. 

Labor and Delivery: Labetalo! HCI given to pregnant women with hypertension did not appear to 
affect the usual course of labor and delivery. 

Nursing Mothers: Smali amounts of labetalol (approximately 0.004% of the maternal dose) are 
excreted in human milk. Caution should be exercised when TRANDATE Tablets are administered to a 
nursing woman. 

Pediatric Use: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS: Most adverse effects are mild, transient, and occur early in the course of 
treatment. in controlled clinical trials of three to four months’ duration, discontinuation of TRANDATE* 
Tablets due to one or more adverse effects was required in 7% of all patients. In these same trials, 
beta-blocker control agents led to discontinuation in 8% to 10% of patients, and a centrally acting 
alpha-agonist in 30% of patients. 

The following adverse reactions were derived from multicenter, controlled clinical trials over treat- 
ment periods of three and four months. The rates, which ranged from less than 1% to 5% except as 
otherwise noted, are based on adverse reactions considered probably drug-related by the investigator. 
if all reports are considered, the rates are somewhat higher (eg, dizziness, 20%: nausea, 14%: 
fatigue, 11%). 

Body as a Whole: Fatigue, asthenia, headache. Gastrointestinal: Nausea (6%), vomiting, dyspep- 
sia, diarrhea, taste distortion. Central and Peripheral Nervous Systems: Dizziness (11%), paresthe- 
sia, drowsiness. Autonomic Nervous System: Nasal stuffiness, ejaculation failure, impotence, 
increased sweating. Cardiovascular: Edema, postural hypotension. Respiratory: Dyspnea. Skin: 
Rash. Special Senses: Vision abnormality, vertigo. 

The adverse effects were reported spontaneousty and are representative of the incidence of adverse 
effects that may be observed in a properly selected hypertensive patient population, ie, a group 
excluding patients with bronchospastic disease, overt congestive heart failure, or other contraindica- 
tions to beta-blocker therapy. 

Clinical trials also included studies utilizing daily doses up to 2,400 mg in more severely hyperten- 
sive patients. The US therapeutic trials data base for adverse reactions that are clearly or possibly 
dose-related shows that the following side effects increased with increasing dose: dizziness, fatigue, 
nausea, vomiting, dyspepsia, paresthesia, nasal stuffiness, ejaculation failure, impotence, and edema. 

in addition, a number of other less common adverse events have been reported in clinical trials or 
the literature: 

Cardiovascular: Postural hypotension, including, rarely, syncope. Central and Peripheral Nervous 
Systems: Paresthesia, most frequently described as scalp tingling. In most cases, it was mild, 
transient, and usually occurred at the beginning of treatment. Collagen Disorders: Systemic lupus 
erythematosus; positive antinuclear factor (ANF). Eyes: Ory eyes. Immunological System: Antimito- 
chondrial antibodies. Liver and Biliary System: Cholestasis with or without jaundice. Musculoskele- 
tal System: Muscle cramps, toxic myopathy. Respiratory System: Bronchospasm, Skin and 

S: Rashes of various types, such as generalized maculopapular, fichenoid, urticarial, 
bullous lichen planus, psoriaform, and facial erythema; Peyronie's disease: reversible alopecia. 
Urinary System: Difficulty in micturition, including acute urinary bladder retention, 

Following approval for marketing in the United Kingdom, a monitored release survey involving 
approximately 6,800 patients was conducted for further safety and efficacy evaluation of this product. 
Results of this survey indicate that the type, severity, and incidence of adverse effects were comparable 
to those cited above. 

Potential Adverse Effects: in addition, other adverse effects not listed above have been reported with 
other beta-adrenergic blocking agents. Central Nervous System: Reversible mental depression 
Progressing to catatonia, an acute reversible syndrome characterized by disorientation for time and 
Place, short-term memory joss, emotional lability, slightly clouded sensorium, and decreased perfor- 
mance on psychometrics. Cardiovascular: intensification of AV block (see CONTRAINDICATIONS). 
Allergic: Fever combined with aching and sore throat; iaryngospasm, respiratory distress. Hemato- 
fogic: Agranutocytosis, thrombocytopenic or nonthrombocytopenic purpura. Gastrointestinal: 
Mesenteric artery thrombosis, ischemic colitis. The oculomucocutaneous syndrome associated with 
the beta-blocker practolo! has not been reported with labetalo! HCI. 

Clinical Laboratory Tests: There have been reversible increases of serum transaminases in 4% of 
patients treated with labetalol HCI and tested, and, more rarely, reversible increases in blood urea. 
OVERDOSAGE: Information concerning possible overdosage and its treatment appears in the full 
prescribing information. 

DOSAGE AND ADMINISTRATION: DOSAGE MUST BE INDIVIDUALIZED. The recommended initial 
dosage is 100 mg twice daily whether used alone or added to a diuretic regimen. After two or three 
days, using standing blood pressure as an indicator, dosage may be titrated in increments of 100 mg 
bid every two or three days. The usual maintenance dosage of labetalo! HC! is between 200 and 

400 mg twice daily, Before use, see complete prescribing information for dosage details. 
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THE TRUTH ABOUT ASPIRIN: 











ECOTRIN. 
Recommended by 
ardiologists 


- over Bayer aspirin. 


Artist's depiction of platelets and red blood cells within the walls of a vessel 


Effectively inhibits 

platelet aggregation. 

A recent study" has shown that 
ECOTRIN inhibits platelet aggrega- 
tion to the same degree as plain 
aspirin. Daily use of ECOTRIN offers 
important cardioprotective benefits 
in patients with unstable angina or 
history of myocardial infarction. 


Enteric-coated to spare the 
stomach. 

While even low doses of plain 
aspirin can significantly damage Gl 
mucosa,’ ECOTRIN, at doses up 

to 4 g/day, is proven superior to 
plain, buffered, and highly buffered 
aspirin.? That’s because ECOTRIN 

is enteric-coated aspirin. ECOTRIN 
is released in the duodenum, so 


it bypasses the stomach and thus 
helps avoid gastric irritation. 


The cardiologists’ choice. 

No other brand of aspirin combines 
antiplatelet efficacy with the 
stomach-sparing protection of 
ECOTRIN. And that’s why more car- 
diologists, when concerned about 
aspirin irritation, recommend 
ECOTRIN over Bayer aspirin.’ 


Enteric-coated 


Ecotrin 


325 mg Enteric-Coated Tablets and Caplets 


THE STOMACH-SAFE ASPIRIN ™ 
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Prolonged Ventricular Fibrillation-Salvage Using a New 
Percutaneous Cardiopulmonary. Support System 
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Atherosclerotic Risk Factors-—Are There Ten Or Is There 
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Return 
to anatural cardiac rhythm 


OCON - 
~ HYDROCHLORIDE TABLETS) 


250-mg tablet/500-mg scored tablet/750-mg scored tablet 
1,000-mg scored tablet 


Enhances the value of oral procainamide 
for selected cardiac dysrhythmias 


With modern sustained-release Procan SR, short duration of effect 
no longer impedes the usefulness of procainamide for maintenance therapy. 
A standard medication now assumes greater importance, both in terms of 
convenience and patient compliance. 


_ Administered half as often as conventional oral procainamide 
Wide versatility in cardiac conditions 
Can be used concomitantly with digoxin 


-Ideal maintenance therapy 


tee SR.. 
the original sistone -release oral procainamide 


' PARKE-DAVIS 
Divisi on Rotredier La amgen Company 
Mortis Plains: New Jersey 07950 


Please see next page for brief summary of prescribing information: 












Positive ANA Titer: The prolonged administration of procainamide often leads to the devel- 
‘opment of a positive antinuctear antibody (ANA) test. with or without symptoms of a lupus 
erythematosus-like syndrome. If a positive ANA titer develops, the benefits versus risks of 
continued procainamide therapy should be assessed. 


NDICATIONS AND USAGE: Procan SR tablets are indicated for the treatment of life-threatening 
ventricular arrhythmias. Procan SR is also indicated for the treatment of some patients with less 
severe, symptomatic ventricular arrhythmias, including unifocal or multifocal couplets and 
‘Nonisustained ventricular tachycardia, Because procainamide hydrochloride has the potential to 
produce serious hematological disorders (0.5 percent), particularly leukopenia or agranulocytosis 
Sometimes fatal), the use of procainamide hydrochloride should be reserved for patients in whom, 
the opinion of the physician, the benefits of treatment clearly outweigh the risks. (See WARNINGS 
ind Boxed Warnings.) For tess serious arrhythmias, alternative therapies with less severe toxicity 
hould be considered, Like all other antiarrhythmics, procainamide hydrochloride has not been 
hown to prevent sudden death in patients with serious ventricular ectopic activity, and also, like 
other antiarrhythmics, procainamide hydrochloride has potentially serious adverse effects. 
uding the ability to worsen arrhythmias. It is, therefore, essential that each patient given 
procainamide hydrochloride be evaluated electrocardiographically and clinically prior to, and 
duting, procainamide hydrochloride therapy to determine whether the response to the drug 
Supports. continued treatment 

CONTRAINDICATIONS: Complete Heart Block: Procainamide should not be administered 
to patients with compiete heart block because of its effects in suppressing nodal or ventricular 
pacemakers and the hazard of asystole. It may be difficult to recognize complete heart block in 
$ patients with ventricular tachycardia, but if significant slowing of ventricular rate occurs during 
PA treatment without evidence of AV conduction appearing, PA should be stopped. In cases 
‘ofsecand degree AV block or various types of hemiblock, PA should be avoided or discontinued 
because of the possibility of increased severity of block, unless the ventricular rate is controlled 
by an electrical pacemaker. Idiosyncratic Hypersensitivity: in patients sensitive to procaine 
r other ester-type local anesthetics, cross sensitivity to PA is unlikely; however, it should be borne 
ind, and PA shouid not be used if it produces acute allergic dermatitis, asthma, or anaphylactic 
ptoms. Lupus Erythematosus: An established diagnosis of systemic lupus erythematosus 
Contraindication to PA therapy, since aggravation of symptoms is highly likely. Torsades de 
ointes: In the unusual ventricutar arrhythmia called “les torsades de pointes’ (twistings of the 
joints), characterized by alternation of one or more ventricular premature beats in the directions 
of thie QRS complexes on ECG in persons with prolonged QT and often enhanced U waves, Group 
ZAA antiarrhythmic drugs are contraindicated. Administration of PA in such cases may aggravate 
this special type of ventricular extrasystole or tachycardia instead of suppressing it. 
WARNINGS 


<: Blood Dyscrasias: Agranulocytosis, bone marrow depression, neutropenia, hypoplastic 
+ anemia and thrombocytopenia have been reported in patients receiving procainamide 
z. hydrochloride at a rate of approximately 0.5%. Most of these patients received procainamide 
i: hydrochloride within the recommended dosage range. Fatalities have occurred (with 
x approximately 20-25 percent mortality in reported cases of agranulocytosis). Since most of 
these events have been noted during the first 12 weeks of therapy, it is recommended that 
complete blood counts including white cell, differential and platelet counts be performed 
-{o) at weekly intervals for the first three months of therapy; and periodically thereafter Complete 

: -blood counts should be performed promptly if the patient develops any signs of infection 
. (such as fever, chills, sore throat, or stomatitis), bruising, or bleeding. If any of these hematologic 
disorders are identified, procainamide hydrochloride should be discontinued. Blood counts 
“usually return to normal within one month of discontinuation. Caution should be used in 
-patients with preexisting marrow failure or cytopenia of any type (see ADVERSE REACTIONS). 












































































Digitalis intoxication: Caution should be exercised in the use of procainamide in arrhythmias 
associated with digitalis intoxication. Procainamide can suppress digitalis- induced arrhythmias: 
however. if there is concomitant marked disturbance of atrioventricular conduction, additional 
depression of conduction and ventricular asystole or fibrillation may result. Therefore, use of 
procainamide shouid be considered only if discontinuation of digitalis, and therapy with potassium, 
lidocaine, or phenytoin are inetfective. First Degree Heart Block: Caution should be exercised 
algo ifthe patient exhibits or develops first degree heart block while taking PA, and dosage reduction 
is advised in such cases. If the block persists despite dosage reduction, continuation of PA 
administration must be evaluated on the basis of current benefit versus risk of increased heart 
“block, Predigitalization for Atrial Flutter or Fibrillation: Patients with atrial flutter or fibrillation 
“Should be cardioverted or digitalized prior to PA administration to avoid enhancement of AV 
conduction which may result in ventricular rate acceleration beyond tolerable limits. Adequate 
< digitatization reduces but does not eliminate the possibility of sudden increase in ventricular rate 
“as the atrial rate is slowed by PA in these arrhythmias. Congestive Heart Failure: For patients 
in Congestive heart failure, and those with acute ischernic heart disease or cardiomyopathy, caution 
‘should be used in PA therapy, since even slight depression of myocardial contractility may further 
reduce cardiac output of the damaged heart. Concurrent Other Antiarrhythmic Agents: 
_ Concurrent use of PA with other Group 1A antiarrhythmic agents such as quinidine or disopyramide 
ay produce enhanced prolongation of conduction or depression of contractility and hypotension, 
3 iy in patients with cardiac decompensation. Such use should be reserved for patents 
ious arrhythmias unresponsive to a single drug and employed only if close observation 
possible. Renal Insufficiency: Renal insufficiency may tead to accumulation of high plasma 
Is from conventional orai doses of PA, with effects similar to those of overdosage (see 
OVERDOSAGE), unless dosage is adjusted for the individual patient. Myasthenia Gravis: Patients 
with myasthenia gravis may show worsening of symptoms from PA due to its procaine-like effect 
on diminishing acetylcholine release at skeletal muscle motor nerve endings, so that PA 
: administration may be hazardous without optimal adjustment of anticholinesterase medications 
and other precautions. 
PRECAUTIONS: General: immediately after initiation of PA therapy, patients should be closely 
observed for possible hypersensitivity reactions, especially if procaine or local anesthetic sensitivity 
suspected, and for muscular weakness if myasthenia gravis is a possibility. In conversion of 
erial fibrillation to narmal sinus rhythm by any means, disiodgment of mural thrombi may lead 
to embolization, which shauid be kept in mind. After approximately two days, steady state plasma 
«PA Teves are produced following regular oral administration of a given dose of Procan SR tablets 
~at'set intervals. After achieving and maintaining therapeutic plasma concentrations and satisfactory 
ectrocardiographic and clinical responses, continued frequent periodic monitoring of vitai signs 
glectracardiograms is advised. If evidence of QRS widening of more than 25 percent or marked 
jongation of the QT-interval occurs, concern for overdosage is appropriate, and reduction in 
gosage! ag sable iaso percent increase occurs, paar serum creatinine orurea nitrogen, 



































-between doses may suffice since the 


- Mortis Plains, New Jersey 97950., 


ary elimi ination of PA and NAPA may be: reduced: leading ‘ 
to. gradual accumulation beyond ‘normally: predicted amounts. if facilities are available. for: 
measurement of plasma PA and NAPA, or acetylation capability, individual dose adjustment for 
optimal therapeutic levels may be easier, but close observation of clinical effectiveness is the most 
important criterion. in the longer term, periodic complete blood counts ate useful to detect possible. 
idiosyncratic hematologic effects of PA on neutrophil, platelet or red cell homeostasis; agranulo- 
cytosis has been reported to occur occasionally in patients on long-term PA therapy. A rising titer 
of serum ANA may precede clinical symptoms of the lupoid syndrome (see Boxed Warnings and 
ADVERSE REACTIONS). If the lupus erythematosus-like syndrome develops in a patient with 
recurrent life-threatening arrhythmias not controlled by other agents, corticosteroid suppressive 
therapy may be used concomitantly with PA. Since the PA-induced lupoid syndrome rarely includes 
the dangerous pathologic renal changes, PA therapy may not necessarily have to be stopped 
unless the symptoms of serositis and the possibility of further lupoid effects are of greater risk than 
the benefit of PA in controlling arrhythmias. Patients with rapid acetylation capability are less likely 
to develop the lupoid syndrome after prolonged PA therapy. Information for Patients: The 
physician is advised to explain to the patient that close cooperation in adhering to the prescribed 
dosage schedule is of great importance in controlling the cardiac arrhythmia safely, The patient 
should understand clearly that more medication is not necessarily better and may be dangerous, 
that skipping doses or increasing intervals between doses to suit personal convenience may lead 
to loss of control of the heart problem, and that “making up" missed doses by doubling up later 
may be hazardous. The patient should be encouraged to disclose any past history of drug 
sensitivity, especially to procaine or other local anesthetic agents, or aspirin, and to report any 
history of kidney disease, congestive heart failure, myasthenia gravis, liver disease, or lupus 
erythematosus. The patient should be counseled to report promptly any symptoms of arthralgia, 
myalg:a, fever, chills, skin rash, easy bruising, sore throat or sore mouth, infections, dark urine 
or icterus, wheezing, muscular weakness, chest or abdominal pain, palpitations, nausea, vomiting, 
anorexia, diarrhea, hallucinations, dizziness, or depression. The patient should be advised not 
to break or chew the tablet as this would interfere with designed dissolution characteristics. The 
tablet matrix of Procan SR may be seen in the stool since it does not disintegrate following release 
of procainamide. Laboratory Tests: Laboratory tests such as complete blood count (CBC). 
electrocardiogram, and serum creatinine or urea nitrogen may be indicated, depending on the 
clinical situation, and periodic rechecking of the CBC and ANA may be helpful in early detection 
of untoward reactions. Drug Interactions: if other antiarrhythmic drugs are being used, additive 
effects on the heart may occur with PA administration, and dosage reduction may be necessary 
(see WARNINGS). Anticholinergic drugs administered concurrently with PA may produce additive 
antivagal effects on AV nodal conduction, although this is not as well documented for PA as for 
quinidine. Patients taking PA who require neuromuscular blocking agents such as succinylcholine 
may require less than usual doses of the latter, due to PA effects on reducing acetylcholine release. 
Drug/Laboratory Test Interactions: Suprapharmacologic concentrations of lidocaine and 
meprobamate may inhibit fluorescence of PA and NAPA, and propranolol shows a native fluores- 
cence close to the PA/NAPA peak wavelengths, so that tests which depend on fluorescence 
measurement may be affected. Carcinogenesis, Mutagenesis, Impairment of Fertility: Long 
term studies in animals have not been performed. Teratogenic Effects: Pregnancy Category 
C: Animal reproduction studies have not been conducted with PA. it also is not known whether 
PA can cause fetal harm when administered to a pregnant woman or can affect reproduction 
capacty. PA should be given to a pregnant woman only if clearly needed. Nursing Mothers: 
Both FA and NAPA are excreted in human milk, and absorbed by the nursing infant. Because 
of the potential for serious adverse reactions in nursing infants, a decision to discontinue nursing 
or the drug should be made, taking into account the importance of the drug to the mother. Pediatric 
Use: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS: Cardiovascular System: Hypotension following oral PA administration 
is rare. Hypotension and serious disturbances of cardiorhythm such as ventricular asystole or 
fibrillation are more common after intravenous administration (see OVERDOSAGE, WARNINGS) 
Second degree heart block has been reported in 2 of almost 500 patients taking PA orally. 
Multisystem Effects: A lupus erythematosus-like syndrome of arthralgia, pleural or abdominal 
pain, and sometimes arthritis, pleural effusion, pericarditis, fever, chills, myalgia, and possibly related 
hematologic or skin lesions {see below) is fairly common after prolonged PA administration, 
perhaps more often in patients who are slow acetylators (See Boxed Warnings and PRE- 
CAUTIONS). While some series have reported less than 1 in 500, others have reported the 
syndrome in up to 30 percent of patients on long term oral PA therapy. If discontinuation of PA 
does not reverse the lupoid symptoms, corticosteroid treatment may be effective. Hematologic 
System: Neutropenia, thrombocytopenia, or hemolytic anemia may rarely be encountered. Agran- 
ulocytcsis has occurred after repeated use of PA, and deaths have been reported (see WARNINGS. 
and Boxed Warnings). Skin: Angioneurotic edema, urticaria, pruritus, flushing, and maculopapular 
rash have also occurred occasionally. Gastrointestinal System: Anorexia, nausea, vomiting, 
abdominal pain, bitter taste, or diarrhea may occur in 3 to 4 percent of patients taking oral 
procainamide Hepatomegaly with increased serum aminotransferase activity has been reported 
after a single oral dose, Nervous System: Dizziness or giddiness, weakness, mental depression, 
and psychosis with hallucinations have been reported occasionally. 

OVERDOSAGE: Progressive widening of the QRS complex, prolonged QT and P-R intervals, 
lowering of the R and T waves, as well as increasing AV block, may be seen with doses which 
are excessive for a given patient. Increased ventricular extrasystoles, or even ventricular tachycardia 
ar fibritation may occur. After intravenous administration but seldom after oral therapy, transient 
high plasma levels of PA may induce hypotension, affecting systolic more than diastolic pressures, 
especially in hypertensive patients. Such high levels may also produce central nervous depression, 
tremor, and even respiratory depression, Piasma levels above 10 ug/ml are increasingly associated 
with toxic findings. which are seen occasionally in the 10 to 12 pg/mL range, more often in the 
12 to 15 pg/mL range, and commonly in patients with plasma levels greater than 15 pg/mL. A 
single oral dose of 2 g may produce overdosage symptoms, while 3 g may be dangerous, 
especially if the patient is a slow acetylator, has decreased renal function, or underlying organic 
heart disease Treatment of overdosage or toxic manifestations includes general supportive 
measures, Close observation, monitoring of vital signs and possibly intravenous pressor agents 
and mechanical cardiorespiratory support, If available, PA and NAPA plasma levels may be helpful 
in assessing the potential degree of toxicity and response to therapy. Both PA and NAPA are 
removed from the circulation by hemodialysis but not peritoneal dialysis. No specific antidote for 
PA is known, 

Storage Conditions: Protect from moisture. Store bottles below 30°C (86°F). Store unit-dose 
packages at controlled room temperature, 15°-30°C (59°-86°F). 








Caution — Federal law prohibits dispensing without prescription. 
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CATCH EVERY MOVE THEY MAKE 
ALOKA SSD-870 COLOR DOPPLER 


Real-time two-dimensional ultrasound system 
for blood flow imaging with Cine Memory. 





normal normal 

Imaging information can now be stored and retrieved in detail thanks to 
the new Cine Memory system in the Aloka SSD-870. 

Then at your convenience, the study can be analyzed frame by frame 
to aid your diagnosis. Aloka’s development of high performance imaging 
technology allows the dual 32-frame Cine Memory to display images with 
60-frame-per-second accuracy. And multi-functional phased array 
transducers have been developed for the Aloka SSD-870. 

Also high quality 2D, M mode, Conventional Pulsed and Continuous 
Doppler as well as Color Doppler studies are now possible through a single 
transducer. To learn more about the new Aloka SSD-870 Color Doppler 
system, please contact: 


ne i 
COROMETRICS A O K A 
In the U.S MEDICAL SYSTEMS, INC. 


Cc trics Medical Systems, Inc., 61 Barnes Park Road North ALOKA CO.,LTD.: 6-22-1 Mure, Mitaka-shi, Tokyo 181, Japan 
A gford, CT 06492-0333, Tel:203-484-4630, 800-624-7265 Tel: (0422)45-5111 Cable address: ALOKA MITAKA Telex: 02822-344 
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LOZOL’ (indapamide) 


cholesterol in most patients* 


In long-term clinical trials, Lozol 
has demonstrated little or no 


effect on serum cholesterol levels." 


ONE A DAY. 


INDAFAMILE 25mg 





Minimal impact on potassium‘ 


95% of patients showed no clinical 
hypokalemia in a long-term trial.? 


The diuretic that doesn’t compromise cholesterol 


“Lozol is not a cholesterol-lowering agent, nor has it been shown to reduce existing atherosclerotic plaque. 
tBecause of the diuretic effects of Lozol, changes in certain electrolytes can occur. Determination of serum electrolytes should therefore be performed. 


Briet odd 

DESCRIPTION: Lozo! ® (indapamide) is an oral antihypertensive/diuretic 
INDICATIONS AND USAGE: Lozol is indicated for the treatment of hypertension, alone 
Of in combination with other antihypertensive drugs 

Lozol is also indicated for the treatment of salt and fluid retention associated with con: 
gestive heart failure 

Usage in Pregnancy: (see PRECAUTIONS) 

CONTRAINIDICATIONS: Anuria. Known hypersensitivity to indapamide or to other 
sulfonamide-derived drugs. sae 5 re 

WARNINGS: aone occurs commonly with diuretics, and electrolyte monitoring is 
essential, particularly in patients who would be at increased risk from hypokalemia, such 
as those with cardiac arrhythmias or who are receiving concomitant cardiac glycosides. 
In general, diuretics should not be given concomitantly with lithium because they reduce 
its renal clearance and add a high risk of lithium toxicity. Read prescribing information tor 
lithium preparations before use of such concomitant therapy. 


j: l 

1. Hypokalemia Sage Fluid and Electrolyte Imbalances. Periodic determinations ot 
Serum electrolytes should be performed at Soprowiaie intervals. In addition, patients should 
be for clinical signs of fluid or electrolyte imbalance, such as hyponatremia, 

temic alkalosis, or hypokalemia. Warning signs include dry mouth, thirst. weak- 
ness, fatigue, lethargy, drowsiness, restlessness. muscle pains or cramps, hypotension 
oliguria, tachycardia, and gastrointestinal disturbance. Electrolyte determinations are par- 
ticularly important in patients who are vomiting excessively or receiving parenteral fluids, 
in patients to electrolyte imbalance (including those with heart failure, kidney dis- 
ease. and S). and in patients on a salt-restricted diet. 


lemi 
cast of the heart to the tonie effects of digitalis, such as increased ventricular 


Dilutional emia may occur in edematous patients; the appropriate treatment is 
water rather than administration of salt, except in rare instances when the 

h remia is life threatening. in actual salt depletion, appropriate replacement 

i$ tment of choice. Any chloride deficit that may occur during treatment is gener- 

ally mild and prea oos not require specific treatment except in extraordinary circum- 

stances as in liver Or renal disease. 


Ma fees lara ehoa S OSEAS sain ce see wih 
impairment i in i ide, with- 
a renna AE an NAAN Ma raa 
periodicaly during treatment with indapamide 
thiazides, should be used with caution 


4 penal tic Function: \ndapamide. like the 
in fem hepatic function or progressive lve disease. since minor altera- 
fons of fluid and ares hepate con recipitate hepatic coma. 


5. Glucose Tolerance. Latent diabetes may become manifest and insulin requirements in 
diabetic patients may be altered during thiazide administration. Serum concentrations of 
glucose should be monitored routinely during treatment with Lozol. 


6. Calcium Excretion. Calcium excretion is decreased by diuretics pharmacologically related 
to ind ide. In long-term studies of hypertensive patients: however, serum concentra- 
tions of calcium increased only slightly with indapamide. Prolonged treatment with drugs 
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Patients with documented coronary artery disease, 
admitted to Duke Medical Center between 1974 
and 1980, were assessed for type A behavior pat- 
tern and were followed until 1984. The relation of 
type A behavior to survival was tested using data 
from coronary angiography to control for disease 
severity. Cox model regression analyses demon- 
strated an interaction (p <0.01) between type A 
behavior and an index of disease severity in the 
prediction of cardiovascular death. Among those 
with relatively poor left ventricular function, type A 
= patients had better survival than type B. This dif- 

ference was not present among patients with better 
‘prognoses. Type A behavior did not predict the 
subsequent incidence of nonfatal myocardial infarc- 
tions. Differential risk modification and differential 
selection into postinfarction status are possible ex- 
planations for the findings. These results need not 
conflict with the proposition that type A behavior 
plays a role in the pathogenesis of coronary artery 
disease. 
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over the status of the type A behavior pattern as- 

a risk factor for coronary artery disease (CAD). 
While early studies, both prospective! and cross-sec- 
tional,?-> were generally positive, several recent studies 
have failed to confirm the type A behavior-CAD rela- 
tion.^-}! These contradictory findings have led to ques- 
tions about the measurement of type A behavior,!? a 
search for components of type A behavior, such as hos 
tility, that might | bear a stronger and more reliable rela 
tion to CAD,!3.'4 skepticism about the role of psycho 
social factors in the etiology of CAD}5 and vigorous 
fenses of the original type A behavior formulation.! 

Part of this debate has centered on the role that type 
A behavior might play in the precipitation of recurren 
coronary events in people known to have CAD. This 
issue has been investigated in 4 previous studies tha 
have measured type A behavior with the Jenkins Activi- 
ty Scale!* and one that has used the original type 
behavior assessment technique, the Structured Int 
view.!9 Jenkins et al% found that Jenkins Activity Se: 
type A scores were positively related to recurrent eve 
among participants in the Western Collaborative Gro 
Study. On the other hand, 2 studies’! have found non: 
significant trends in the opposite direction, and Dims 
dale et al?? observed a significant inverse relation be: 
tween Jenkins Activity Scale type A scores and secon 
dary cardiac morbidity. Unfortunately, the meaning 
these data is clouded by the fact that assessments based- 
on the Jenkins Activity Scale are not considered to be as. 
successful in predicting disease outcomes as those base 
on the Structured Interview.'®3 One study, recently re: 
ported by Ragland and Brand,”* used assessments base 
on the Structured Interview to predict the survival} 
those Western Collaborative Group Study participants 
identified as having CAD. They found that, among 
those persons who had had a symptomatic myocardiz 
infarction, type A patients had better survival than ty 
B patients. This apparent protective effect. of. ty 
behavior, the reverse cof ‘expectation, led Dimsd 


[: recent years there has been considerable controversy _ 





ival whil controlling 


BLEI aseline Characteristics of the Study Population | for disease severity. This control procedure is an essen- 




























“Characteristic Type A tial step in clarifying the meaning of the Western Col- 
© Pts (a) 1,028 439. | laborative Group Study findings.” 
Male sex (%) 82 81 In addition, we were able to extend the previous 
Age (yrs)* 46/52/58 46/52/58 work*4 by investigating the impact of type A behavior 
Cigarette smoker (%) 73 13 on the incidence of nonfatal myocardial infarctions, an 
History of hypertension (%) 41 41 . 
History of hyperlipidemia (%) 44 43 outcome not evaluated in the follow-up of the Western 
No. of coronary arteries Collaborative Group Study. Because such nonfatal sec- 
narrowed 275% in diameter (%) ondary events may not be predicted by the same vari- 
z = ables that predict mortality, it is important to evaluate 


the outcomes separately. 


3 40 38 
Left main 6 7 
LV ejection fraction* (%) 43/53/60 44/53/60 METHODS 


Patient population: In the period between October 
1974 and February 1980, a consecutive series of symp- 
tomatic patients undergoing coronary angiography at 
TABLE il Baseline Characteristics Important for Prognosis Duke Medical Center for suspected CAD were adminis- 
Left ventricular ejection fraction tered the Structured Interview'? for the assessment of 


* 25th /50th/75th percentiles. 



















































Noninvasive myocardial damage index* (Q wave on electrocar- type A behavior. Patients were interviewed and enrolled 
diogram, history of myocardial infarction, cardiomegaly, S3 gallop, into follow-up if they were found to have significant 
E history aie mani of one el failure) EREN PAN CAD (275% diameter narrowing of at least 1 coronary 
onduction disturbance on electrocardiogram (eft bundle branci ; A : * 
block, right bundle branch block, island interventricular artery”’), admitted for their first cardiac catheteriza- 
conduction defect, left axis deviation) tion, did not have unstable anginal symptoms, and were 
Pain /ischemia index* (frequency, progressive, stability, nocturnal, ST- able to read at a sixth grade level or better. Data of 68 
T wave abnormalities on resting electrocardiogram) patients were excluded from analyses because of miss- 
Mitral regurgitation ing values on 1 or more variables of interest and 1 pa- 
No. of diseased vessels : . 5 
Percent stenosis of left main and left anterior descending arteries tient was omitted because he died on the day of the 
Age interview. The final sample consisted of 266 women and 
Left ventricular ejection fraction X no. of diseased vessels 1,201 men; the mean age + standard deviation was 52 
Year In which procedure was performed + 9 years. Following the Structured Interview, patients 
* See Harrell et al? for a description of derivation procedures. | were asked to complete a battery of psychological tests, 





. including the Jenkins Activity Scale and the Minnesota 
say that the findings “cast a long shadow indeed on the Multiphasic Personality Inventory.?8 The Jenkins Activ- 
evidence supporting type A behavior as a risk factor.” ity Scale was completed by 1,150 patients and 915 pa- 
The potential importance of these unanticipated tients completed the Minnesota Multiphasic Personality 
findings goes beyond their role as evidence concerning Inventory. Details of the data collection and assessment 
the viability of type A behavior as a CAD risk factor; procedures were published elsewhere.2930 
they also have implications for the treatment of cardiac A random sample of 100 of the audiotaped inter- 
patients. Cardiac rehabilitation programs often include views was audited (under the supervision of R. Rosen- 
education about type A behavior and some interventions man, MD) to evaluate the reliability of the type A be- 
have been designed to change that behavior. There is havior assessment procedure. Agreement with respect to 
evidence that programs to reduce type A behavior have type A/B classification was obtained in 83% of the 
- successfully lowered the rate of cardiac events in post- cases. 
“myocardial infarction patients.2° However, the superior Baseline characteristics of the patients are listed in 
_ postmyocardial infarction survival of type A patients in Table I. Risk factors were coded as dichotomous vari- 
© the Western Collaborative Group Study” suggests that ables using the definitions that we have used in previous 
these treatment strategies might be misguided. research.*? There were no significant differences be- 
The Western Collaborative Group Study was based tween type A and B on any of these baseline variables. 

on a nonclinical sample of healthy adults with the type However, it should be noted that previous research23 
<A behavior assessed before coronary events. The present has demonstrated a positive correlation between type A 
study examines the relation of Structured Interview-as- behavior and CAD severity among younger, but not 
sessed type A behavior to survival in patients with CAD older, patients when those without significant disease 
using a different design. We followed up cardiac pa- are included in the analyses. 
“tients whose type A behavior was assessed during their Procedures: Cox model survival analyses?! were per- 
hospitalization for diagnostic coronary angiography. formed for the outcomes of interest: cardiovascular 
‘he advantage of this clinical sample is the availability death and total coronary events (cardiovascular death. 
*xtensive information on coronary anatomy and car- plus nonfatal myocardial infarctions); The results of the . 













Procedures for the documentation of cardiovascular 
eaths and validation of follow-up methods to detect 
nonfatal myocardial infarctions have been described 

elsewhere.>? Causes of death were divided into cardio- 
‘vascular and noncardiovascular categories on the basis 
‘of information provided by the patient’s physician. 
These decisions were made by a mortality committee 


without knowledge of preterminal treatment or type A 
assessment. Nonfatal ischemic events were documented 


by electrocardiographic and serum enzymatic evidence. 

Disease severity was. summarized by 2 “hazard 
scores”: one used in analyses predicting cardiovascular 
death and the other used in analyses that had total coro- 
nary events (cardiovascular death plus nonfatal myocar- 


© dial infarction) as the endpoint. Each hazard score was 


derived from Cox proportional hazards regression anal- 
yses of the survival of the entire population of patients 
with CAD seen at Duke Medical Center from 1969 to 
“1984. The predictor variables in these models were 
-those baseline variables (Table H) that have been 
shown in past studies??36 to predict the prognosis of 
patients with CAD. The models produced estimated re- 
~ gression coefficients for each baseline variable and these 
coefficients were used in creating the hazard scores. 
Specifically, hazard scores were calculated as the 
weighted sum of each patient’s baseline variables times 
the corresponding Cox model regression coefficients. 


The use of hazard scores is a proven way to capture a 
_<variety of prognostic information in a single index, and 
~ the use of the entire population of patients in the devel- 

opment of the hazard scores provides more accurate and 


Estimated Survival Probability 
o o © o o oO O © O T 
2 P uù € o O N œo Oo OQ 


4 
o 





-2 -] 0 1 2 
_ Hazard Score of Death 
ated 2-year survival probabilities by hazard 


stab mates of- disease severity than could be ob- 
tained from the study sample alone. Procedures for thi 
derivation of hazard scores are described in more detai 
elsewhere.?2-35 : 

Follow-up of the patients was conducted 6 and. 1 
months after catheterization and annually thereafter. 
For these analyses, January 1, 1984 was considered to 
be the end of follow-up. As of that date, 168 patients 
had had cardiovascular death, 13 had died of other 
causes and 147 had had a nonfatal myocardial infa 
tion. Only 42 (3%) were lost to follow-up. Because sur 
gical intervention alters prognosis, follow-up for the 
737 patients who underwent coronary artery bypass sur- 
gery was ended at the date of the procedure. Their fo 
low-up lasted as long as 8.6 years with a median of 0.1 
years and an interquartile range of 0.3 years. Patients. 
who did not undergo surgery had follow-up lasting to 
9.2 years with a median of 4.9 years and an interquar 
tile range of 3.2 years. There was no difference between 
surgical and nonsurgical patients in the prevalence o 
type A behavior. 


RESULTS 
As expected, disease severity, as reflected in the h 
ard score, was an excellent predictor of survival ( 
square = 216.65, 1 df, p <0.001). Although the type A- 
behavior variable was not significant as a main effi 
(chi-square = 1.82, 1 df, p = 0.18), there was asigni 
cant interaction between type A behavior and haza 
score (chi-square = 6.87, 1 df, p = 0.009). Among 
patients with highest hazard (most severe disease), t 
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FIGURE 2. Kaplan-Meier curves by hazard category and type 


A behavior. The top 2 curves correspond to survival of. 
patients in the lowest 2 terciles of hazards scores, The 
of 7 
























































was not true among those with relatively low hazard 
scores. This interaction remained significant when those 
patients receiving coronary artery bypass surgery were 
omitted from the analysis. 

The interaction of hazard score with type A behav- 
ior is depicted by the plot of estimated 2-year survival 
shown in Figure 1. The relative advantage of type A 
patients increased as hazard scores increased. For those 
with a hazard score of 0 (the 43 percentile), the relative 
risk of being type B was 0.72. For hazards of 1, 2 and 3 
(the 79, 95 and 99.5 percentiles) the relative risks were 
1.13, 1.77 and 2.78, respectively. To illustrate the inter- 
action further, Kaplan-Meier curves stratified on haz- 
ard scores are shown in Figure 2. Among these patients 
with an overall poorer prognosis, type A patients had 
better survival than did type B patients. 

To understand the nature of the interaction in more 
detail, supplementary analyses examined the interac- 
“tions of the type A behavior variable with the individual 
“component variables that comprise the hazard score 
(Table ID. The interactions of type A behavior with 
each of the components of the hazard score were tested 
in separate models. Each model contained main effects 
for all components of the hazard score as well as 1 inter- 
action. Two components of the hazard score significant- 
ly interacted with type A behavior in the prediction of 
> survival: left ventricular ejection fraction (chi-square = 

-.'6.81, 1 df, p <0.01) and myocardial damage index (chi- 
< square = 7.27, 1 df, p <0.01). Both are indicators of 
left ventricular function. 

We also examined the relation of type A behavior to 
the incidence of total coronary events, including nonfa- 
tal myocardial infarction as an outcome in addition to 
cardiovascular death. Hazard scores were strong predic- 
© tors (chi-square = 179.92, 1 df, p <0.001), but type A 

: behavior was not, either as a main effect (chi-square = 
1.76) or in interaction with hazard scores (chi-square = 
1.77). Since the addition of nonfatal events diminished 
the effect observed for fatal outcomes, it is obvious that 
type A behavior assessments did not predict the occur- 
rence of nonfatal events. 

In additional analyses, we examined the predictive 
ability of 3 other psychological measures: the Depres- 
‘sion scale and the Cook-Medley hostility scale,3” both 
from the Minnesota Multiphasic Personality Inventory, 
=< and the Jenkins Activity Scale of type A behavior. 
<= None of these variables was related to survival, either as 

a main effect or in interaction with hazard scores. 


- DISCUSSION 
In this sample of patients with documented CAD, 
patients with type A personality had better survival 
than type B, but this was only true for those with rel- 
atively poor left ventricular function. Ragland and 
and?4 found that, among those who had a symptom- 
‘myocardial infarction, type A patients had better 
ival than type B patients, but this difference was not 
nificant among those who had silent myocardial in- 


A patients had better ‘survival than did type B, but this 


farction or angina pectoris. In view of the fact that poor ` 
left ventricular function is highly related to the presence 
of myocardial infarction, the 2 studies produced strik- 
ingly similar results, further reducing the probability 
that the findings are due simply to chance. Because 
there were no asymptomatic patients in the clinical 
sample of the present study, we could not assess the 
replicability of the Western Collaborative Group Study 
finding in subjects with silent myocardial infarctions. 

We were also able to examine the relation of type A 
behavior to the incidence of recurrent nonfatal myocar- 
dial infarctions. Given the large number of nonfatal 
events in our data and the failure of type A behavior to 
predict the outcome, it appears that type A behavior is 
unrelated to the risk of nonfatal infarctions in patients 
with documented CAD. 

In conjunction with the Western Collaborative 
Group Study follow-up, these data allow us to evaluate 
the plausibility of several explanations for the differen- 
tial survival of patients with type A and type B person- 
alities. First, the findings could not be due to differences 
in the extent of disease or severity of infarction because 
these factors were controlled in the present study. We 
also found that type A and B personalities did not differ 
in the prevalence of standard CAD risk factors. 

One potential criticism of the present study is the 
possibility that the type A behavior assessments were 
invalid because they were made in such close temporal 
proximity to the primary coronary event. If the occur- 
rence of the event altered the patients’ behavior so that 
they were misclassified, our findings could be called into 
question. However, this potential problem could not 
have been present in the Western Collaborative Group 
Study; therefore, the misclassification hypothesis is not 
a likely explanation for the results. 

Two possible explanations cannot be addressed by 
the presently available data. The first is based on the 
possibility that type A patients react to their coronary 
events differently than type B patients do. If type A 
patients have superior psychological coping strategies, 
are more conscientious in adherence to their medical 
regimens or are more effective at reducing the level of 
their risk factors, they may improve their prognosis. 
There is, however, no empirical evidence supporting this 
explanation. This risk modification hypothesis should be 
tested in future research. 

One other explanation can be advanced to account 
for the survival advantage of the patients with type A 
personalities. It requires the assumption of higher mor- 
tality (from any cause) among the type A persons at 
younger ages. If this is true, mortality might serve to 
eliminate those who are less fit from the population. 
This could result in a population of myocardial infarc- 
tion survivors in which the type A persons are biologi- 
cally hardier than the type B, who have not been subject 
to such intensive selection. After myocardial infarction, 
this relative fitness advantage of the type A patients 
could produce the observed differences in survival. This 
selection process has been invoked 













to explain why the — 






rrelations of risk factors such as smoking and type A 
avior with CAD severity are stronger in younger age 
ups.” 

ike the risk modification hypothesis, the selection 
hypothesis is not adequately testable with the presently 
available data. Although the assumption of higher early 
- death rates for those with type A personalities is made 
"somewhat less viable by the fact that there is no relation 

between type A behavior and mortality in the Western 
Collaborative Group Study,”® it is possible that the most 
vulnerable type A persons died or developed CAD be- 
fore they could become members of the Western Col- 
laborative Group Study sample, who were between 40 
and 60 years old. 

It is noteworthy that neither of the 2 most promising 
~ explanations—the risk modification and selection hy- 
« potheses—are incompatible with the notion that type A 
behavior plays a role in the primary etiology of CAD. It 
is important to note that traditional nonpsychological 
risk factors that predict CAD onset may not predict 
survival after a coronary event.*? For example, the Fra- 
mingham study found that women had much lower 
rates of initial coronary events than men, but the prog- 
nosis after myocardial infarction was poorer in wom- 
en.*° On the surface, this finding is as paradoxical as 
the poorer survival of patients with type B personalities, 
but it can be plausibly explained by mechanisms such as 
differential survival. Because the processes that influ- 
ence survival after myocardial infarction are not neces- 
sarily the same as those that determine the early devel- 


Mes opment of the disease, it may not be appropriate to use 


data concerning postmyocardial infarction survival as 
~~ evidence for or against the risk factor status of a vari- 
able. 

Ultimately, explanations for these findings must ad- 
dress the fact that the effect of type A behavior on sur- 
vival takes the form of an interaction with disease sever- 
ity. It is not a main effect. At present we can only spec- 
ulate as to the explanations for this pattern of results. 
The fact that the survival advantage of a type A person- 
ality was confined to those patients with relatively poor 
prognosis does have important implications for the ap- 
propriate treatment of patients with CAD. It has been 
suggested that the superior survival of patients with 
type A personalities in the Western Collaborative 
Group Study argues against attempts to modify type A 
behavior in postinfarction patients.24 This conclusion 
now appears to be premature. We observed differential 
survival in the present study only among those patients 
with the most severe myocardial damage. Interventions 
to reduce type A behavior may still be a beneficial com- 
ponent of rehabilitation programs for most cardiac 
patients. 
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In CHF, there's a 
hidden threat for arrhythmias.. 


Magnesium deficiency. 





P... with congestive heart failure (CHF) 

T“ taking diuretics and digoxin are at risk for 
magnesium, as well as potassium, deficiency,’” 
and are thus at increased risk for digitalis-toxic 
arrhythmias.”’ In fact, magnesium deficiency 
was found in one study in 42% of hypo- 
kalemic patients. * 

Yet, magnesium deficiency is often unrec- 
ognized because blood levels can be normal 
when body stores are deficient.’ When a 
dietary magnesium supplement is adminis- 
tered, however, both magnesium deficiency 
and refractory hypokalemia are Uj 


often corrected.5 j Ya, j 
- Mi, | 


A CHF profile for magnesium 

supplementation 

The ideal candidate for magnesium 

supplementation is the C 

patient who 

a is on long-term furosemide therapy 

a has had long-term digoxin therapy 

= may be on potassium chloride 
therapy 

s may have presented with 
arrhythmias 

a has normal renal function (based 

on age and creatinine clearance) 
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Magnesium chloride supplementation 
in the CHF patient 


Because of its high solubility, magne- 
sium chloride provides more magnesium as 
the free ion, the form needed for absorp- 
tion. These ions are readily available in the 
small intestine, the primary site of magne- 
sium absorption’ 

Other common magnesium salts—such 
as the oxide or carbonate—are relatively 
insoluble® and may not provide a high con- 
centration of magnesium ions for absorp- 
tion. And magnesium chloride is available 
for absorption, even in older patients who 

have poor HCI production, or who are 


À ~ on Hz-antagonist therapy. 
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PROCARDIA indications: Patients with proven or suspected 
vasospastic angina, and patients with classic effort angina who 
remain symptomatic despite adequate doses of beta blockers and/or 
nitrates or who cannot tolerate these agents. 
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PROCARDIA 


(NIFEDIPINE) 
PREVENTS THE PAIN... 
PROTECTS THE ANGINA PATIENT 
AT EVERY STAGE 


SurrLylDemano ® PROCARDIA increases myocardial oxygen 
supply and reduces demand 


LV Function @ PROCARDIA helps to maintain or enhance 
parameters of left ventricular function! 


ECG Cuances ® PROCARDIA decreases the incidence of 
ischemic ECG changes? 


ANGINA @ PROCARDIA reduces episodes of both 
painful and painless ischemia?‘ 


PROCARDIA 


(N | FEDI Pl N E) Capsules 10 mg and 20 mg 


PREVENTS THE PAIN... 
PROTECTS THE ANGINA PATIENT 


Please see PROCARDIA® (nifedipine) brief summary on following page 
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Briet Summary 
PROCARDIA® sé io) Capsulas For Oral Use 
INDICATIONS USAGE: i. Vasospastic Angina: PROCARDIA (nifedipine) is indicated for the management of va- 
Sospastic angina confirmed by any af the following criteria: 1) classical pattern of angina at rest accompanied by ST seg- 
erit elevation, 2} angina or coronary artery spasm provoked by ergonovine, of 3) angiographically demonstrated 
‘coronary atlery spasm. In those patients whe have had angiography, the presence of significant fixed obstructive disease 
© is not incompatible with the diagnosis of vasospastic angina, provided that the above criteria are Satistied. PROCARDIA 
May also be used where the clinical presentation suggests a possible vasospastic component but where vasospasm has 
Hot been confirmed, e.g., where pain has a variable threshold on exertion or in unstable angina where electrocardiographic 
m ings ae compatible with intermittent vasospasm, or when angina is refractory to nitrates and/or adequate doses of 
-beta blockers. 
H. Chronic Stable Angina (Classical Effort-Associated Angina): PROCARDIA is indicated for the management ot 
chronic stable angina (effort-associated angina) without evidence of vasospasm in patients who remain symptomatic de- 
ite adequate doses of beta blockers and/or organic nitrates or who cannot tolerate those agents. 
Jn chronic stable angina (eftort-associated angina) PROCARDIA has been effective in controlled trials of up to eight 
weeks duration in reducing angina frequency and increasing exercise tolerance, but confirmation of sustained effective- 
fess and evaluation of long-term safely in these patients are incomplete 
-Controlled studies in small numbers of patients suggest concomitant use of PROCARDIA and beta-biocking agents may 
be beneficial in patients with chronic stable angina, but available information is not sufficient to predict with confidence 
he effects of concurrent treatment, especially in patients with compromised lelt ventricular function or cardiac conduction 
abnormalities: When introducing such concomitant therapy, care must be taken to monitor blood pressure closely since 
severe hypotension can occur from the combined effects of the drugs {See WARNINGS } 
-S GONTRAINDICATIONS: Known hypersensitivity reaction to PROCARDIA 
WARNINGS: Excessive Hypotension: Although in mos! patients, the hypotensive effect of PROCARDIA is modest and 
well tolerated, occasional patients have had excessive and poorly tolerated hypotension. These responses have usually 
Occurred during initial titration or at the time of subsequent upward dosage adjustment, and may be more likely in patients 
‘on concomitant beta blockers. 
Severe hypotension and/or increased fluid volume requirements have been seported in patients receiving PROCARDIA 
together witha beta blocking agent who underwent co high dese fentanyl anesthesia 
The interaction with high dose fentany DIA and a beta biocker, but the 
St rgicat procedures, or with other 
ing high dose fentanyt anesthe- 
patient's condition permits. sut- 


quency, duration and/or severity of angina or acute 
‘arction on starting PROCARDIA or at the time of dosage increase. The mechanism ot this effect is not 


y withdrawn from bela blockers may develop a withdrawal syndrome with in- 

ina; probably related to increased sensitivity to catecholamines. initiation of PROCARDIA treatment will not 

ufrenceand mnipibe expected to exacerbate it by provoking reliex catecholamine release. There have been 

fis of increased angina in a setting of bela blocker withdrawal and PROCARDIA initiation. It is important to 
blockers if possible, rather than stopping them abruptly before beginning PROCARDIA 

ive Heart Failure: Rarely, patients, usually receiving a beta blocker, have developed hear! failure after beginning 

atiem with tight aortic stenosis may be at greater risk for such an event 

; General: Hypotension: Because PROCARDIA decreases peripheral vascular resistance. careful moni- 

od: pressure during the initial administration and titration of PROCARDIA is suggested. Close observation 

ecommended for patients already taking medications thal are known to lower biood pressure (See 











‘dystunction. < ; 
Laboratory tests: Rare, usually transient, but occasionally significant elevations of enzymes such as alkaline phos- 
: phatase CPK. LDH, SGOT and SGPT have been noted. The relationship to PROCARDIA therapy is uncertain in mos! cases. 





PROCARDIA side effects are usually mild and include dizziness, 
peripheral edema, nausea, weakness, headache and flushing 
(each in about 10% of patients); transient hypotension (about 5%): 
exacerbation of angina occurs rarely. 


but probable in some. These laboratory abnormalities have rarely been associated with clinical symptoms, however, cho- 
iestasis wit? or without jaundice has been reported. Rare instances of allergic hepatitis have been reported. 

Limited clinical studies have demonstrated a moderate but statistically significant decrease in platelet aggregation and 
increase in bleeding time in some PROCARDIA (nifedipine) patients. No clinical significance for these findings has been 
demonstrated. Positive direct Coombs test with/without hemolytic anemia has been reported. 

Although PROCARDIA has been used safely in patients with renal dysfunction and has been reported to exert a benefi- 
cial effect ir certain cases, rare, reversible elevations in BUN and serum creatinine have been reported in patients with pre- 
existing chronic renal insufficiency. The relationship to PROCARDIA therapy is uncertain in mast cases bul probable in 
some. 

Drug interactions: Bela-adrenergic blocking agents: (See INDICATIONS and WARNINGS.) Experience in over 1400 pa- 
tients in a ron-comparative clinical trial has shown that concomitant administration of PROCARDIA and beta-blocking 
agents is usually well tolerated, bul there have been occasional literature reports suggesting that the combination may in- 
crease the i-kelihood of congestive heart failure, severe hypotension or exacerbation of angina. 

Long-acting nitrates. PROCARDIA may be safely co-administered with nitrates, but there have been no controfied stud- 
ies to evaluate the artianginal effectiveness of this combination. 

Digitalis: Administration of PROCARDIA with digoxin increased digoxin levels in nine of twelve normal volunteers, The 
average increase was 45%. Another investigator found no increase in digoxin levels in thirteen patients with coronary ar- 
tery disease. In an uncontrolled study of over two hundred patients with congestive heart faiture during which digoxin 
blood ieveis were not measured, digitalis toxicity was nol observed. Since there have been isolated reports of patients with 
elevated digoxin levels, it is recommended that digaxin levels be monitored when Initiating, adjusting, and discontinuing 
PROCARDIA to avoic possible over- or under-digitalization. 

Coumaria anticoagulants: There have been rare reports of increased prothrombin time in patients taking coumarin an- 
ticoagulants to whom PROCARDIA was administered. 

Cimetidine: A study in six healthy volunteers bas shown a significant increase in peak nifedipine plasma levels (80%) 
and area-under-the-curve (74%) after a one week course af cimetidine at 1000 mg per day and nifedipine al 40 mg per day. 
Ranitidine produced smaller, non-significant increases. H nifedipine therapy is initiated in a patient currently receiving 
Cimetidine, cautious titration is advised 

Carcinogenesis, mutagenesis, impairment of fertility: Nifedipine was administered orally to rats for two years 
and was nol shown te be carcinogenic. When given to rats priar to mating, nifedipine caused reduced fertility ata dose ap- 
proximately 30 times the maximum recommended human dose. in vivo mutagenicity studies were negative, 

Pregnancy: Pregnancy Category C. Nifedipine has been shown to be teratogenic in rats and embryotoxic in rats, mice 
and rabbits. There are no adequate and wel! contratied studies in pregnant women. PROCARDIA should be used during 
pregnancy wily if the potential benefit justifies the potential risk to the fetus 
ADVERSE REACTIONS: The most common adverse events include dizziness or lightheadedness, peripheral edema, nau- 
sea, weakness, headache and flushing. each occurring in about 10% of patients, transient hypotension in about 5%, pal- 
gitation in about 2% and syncope in about 0.5%. Syncopal episodes did not recur with reduction in the dose of 
PROCARDIA or concomitant antianginal medication. Additionally, the following have been reported: muscle cramps, nerv- 
ousness, dyspnea, nasal and chest congestion, shortness of breath, diarrhea, constipation, gastrointestinal cramps, fat- 
ulence, inflammation, joint stiffness, shakingss. jitteriness, sleep disturbances, blurred vision, difficulties in balance, 
dermatitis, pruritus, urticaria, fever, sweating, chills, sexual difficulties, thrombocytopenia, anemia, leukopenia, purpura, 
allergic hepatitis, gingival hyperplasia, depression. paranoid syndrome, transient blindness al the peak of plasma level, 
eryihromelaigia, and arthritis with ANA { + ). Very rarely, introduction of PROCARDIA therapy was associated with an in- 
crease in anginal pain, possibly due to associated hypotension 

in addition, more serious adverse events were observed, not readily distinguishable fram the natural history of the dis- 
ease in these patients. It remains possible. however, that some or many of these events were drug related. Myocardial in- 
farclion occurred in about 4% of patients and congestive hear! failure or pulmonary edema in about 2%. Ventricular 
asthythmias or conduction disturbances each occurred in tewer than 0.5% of patients. 

HOW SUPPLIED: PROCARDIA soit gelatin capsules are supplied in: 

Boitles of 100: 10 mg {NDC 0069-2600-66) orange #260; 20 mg (NOC 0069-2610-66) orange and fight brown #261, Bot- 
Hes of 300: 10 mg (NDC 0069-2600-72) orange #260; 20 mg (NDC pes Fe t0 72) orange and tight brown #261. Unit 
dose packages OF 100: 10 mg (NDC 0069-2600-41) orange #260; 20 mg (NDC 0069-2610-41) orange and light brown 
# 


The capsules shouid be protected from light and moisture and stored at controlled room temperature 59° to 77°F {45° te 
25°C} in the manufacturer s origina! container. 


More delaited professional information available on request © 1982, Plizer inc. 





parison of Nifedipine, Propr anolol and | 
Isosorbide Dinitrate on Angiographic Progression 
and Regression of Coronary Arterial Narrowings 
in Angina Pectoris 


Alessandro Loaldi, MD, Alvise Polese, MD, Piero Montorsi, MD, Nicoletta De Cesare, MD, 
Franco Fabbiocchi, MD, Paolo Ravagnani, MD, and Maurizio D. Guazzi, MD 





“Calcium antagonists and £ blockers may retard or 
inhibit atherogenesis. This study investigated 
whether nifedipine or propranolol influences coro- 
nary atherosclerosis in humans. In selected pa- 
tients. with effort angina and proven coronary ar- 
tery disease, the cineangiographic pattern after 2- 
year therapy with nifedipine (group 1, 39 patients), 
propranolol (group 2, 36 patients) or isosorbide 
dinitrate (group 3, 38 patients) was compared to 
that before treatment. The disease evolved to a dif- 
ferent extent in the 3 groups. Patients with evi- 
dence of progression of old narrowings and appear- 
ance of new narrowings were significantly fewer in 
group 1 (31% and 10%) than in group 2 (53% and 
34%) and group 3 (47% and 29%). The number of 
stenoses with evidence of progression was signifi- 
cantly smaller after nifedipine (14), and larger after 

propranolol (39) compared with group 3 (24). 
Thus, nifedipine seemed more protective than the 
other 2 drugs against coronary atherosclerosis. 
The coronary risk factors were normal in the nifedi- 
pine group and remained so with treatment, sug- 
gesting that they were dissociated from influences 
on atherosclerosis. The evolution, as judged by the 
number of narrowings with progression, appeared 
significantly (p <0.01) worse with propranolol than 
with isosorbide dinitrate. Propranolol caused unfa- 
yorable modifications of serum lipids; there was a 
28% increase in total triglycerides and a 25% de- 

crease in high density lipoprotein cholesterol at 12 
months in group 2. 

(Am J Cardiol 1989;64:433-439) 
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'dazione “I. Monzino,” Istituto “G. Sisini,” Milan, Italy. Manuscript 
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logia dell'Università, Via Bonfadini, 214, 20138 Milan, Italy. 


alcium antagonists have been shown to hav 
( antiatherosclerotic effects in rats, rabbits and 

monkeys.!~® Beta blockers, despite potential neg- 
ative influences with respect to serum lipid concentra. 
tions,’® may inhibit or retard atherogenesis and lowe 
the risk of myocardial infarction.?"'! This finding sug 
gests that patients with angina pectoris who receive 
cium antagonists or 8 blockers might benefit from. 
tardation or regression of the coronary atheroscler 
process, in addition to the well-known influences on © 
onary vasomotility and myocardial oxygen consump- 
tion. This possibility may be proven or disprove 
through repeated quantitative coronary cineangiograph 
ic evaluations in selected patient populations with prov 
en coronary artery disease. ; 


METHODS 

Patient population: Between January 1983 and Sep- 
tember 1986, 1,957 subjects underwent coronary angi- 
ography at the Institute of Cardiology, University of 
Milan. Of these, 113 patients, who satisfied the selec- 
tion criteria and in whom we are able to repeat elective. 
angiography after 2 years, made up the study popula- 
tion. We selected patients with recent onset, stable, clas- 
sic effort angina. Other criteria were arteriograms docu- 
menting a focal lesion (250%) without total obstruction 
in a major coronary branch, with or without lesions 
(<50%) on 1 or more of the other major branches, and 
no previous antianginal therapy. The following major 
branches were considered: left anterior descending or a 
large diagonal branch, main left circumflex or a larg 
obtuse marginal or posterolateral branch, right coronary 
artery or large posterior descending or atrioventricular 
continuation branch. A normal appearance of the le 
main coronary artery was required. Patients were € 
cluded if they were >60 years old, or had previous myo- 
cardial infarction, coronary bypass grafting, normal.co 
onary arteries, primary myocardial or valve diseases, 
pulmonary diseases, diastolic pressure in the supine 
position >90 mm Hg, left ventricular hypertrophy (by 
ultrasound), diabetes or potentially life-threatening 
extracardiac disease. 

Patients were informed of the investigative nature of 
the study, ' which was 5 ee the Institutional 
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years later. No patients were lost to clinical 
p because of side effects or clinical deteriora- 


atment groups: The response to medical treat- 
ment, evaluated through the effort stress test, was used 
` to determine which group the patient entered: group 1 
= nifedipine; group 2 = propranolol; and group 3 = 
isosorbide dinitrate. Exercise tests were performed and 
treatment was decided before the angiographic evalua- 
tion. Patients exercised in the untreated condition and 
at the end of each of three 72-hour periods of therapy 
with nifedipine (20 mg 4 times daily), propranolol (80 
mg 4 times daily) and isosorbide dinitrate (40 mg 2 
times daily), respectively, given in a random order with 
3-day washout between each drug. For the full 24- 
month trial, the treatment that had the best results (ef- 
-fort tolerance and side-effects) was used. When 2 or 3 
drugs proved equally effective, the assignment to treat- 
ment was made randomly (84 patients). 

Thus, we gave each patient the drug that clinical 
criteria indicated was most effective for his angina pec- 
toris, without knowledge of coronary angiographic data. 

Study protocol: If coronary angiograms were ade- 
` quate for analysis by quantitative coronary evaluation 
and the angiographic admission criteria were met, treat- 
ment was started and interim examinations were carried 
out every 3 months. Drug dosages were the same as 
those given above. The final examination was carried 
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Group 2 


Angiography 


Digitalis, antiarrhythmic and antiplatelet agents and 
lipid-lowering agents were not used. Compliance was 
tested by urine analysis for quantitative riboflavin co 
ored test medication. Serum triglyceride, cholesterol 
and fasting blood glucose were tested at each return vis- 
it. Patients were considered smokers if they admitted to 
smoking at least | pack a day for the 10 years preceding 
the onset of symptomatic coronary artery disease. For- 
mer smokers who did not smoke in the 2 years before 
the first angiogram were considered nonsmokers. 

Coronary angiographic technique: After admin 
tration of 0.5 mg of nitroglycerin, multiple projections 
were obtained in 2 views (90° apart) using Siemens 
Elema equipment with a C-arm, so that the patient po- 
sition was not changed during the study. Meglumi 
diatrizoate (76%) was injected at a flow rate of 3 ml; 

Quantitative measurements were automated by a 
method of digital processing devised and validated by 
Vas et al.!2 Digital images were obtained by viewing — 
single-frame cinefilm images with a television came 
which served as input to an ADAC 4100C digital angi- 
ography system. The analysis of the normal and stenotic 
diameters was obtained through an interactive comput- 
er program with magnification of the region and place- 
ment of 2 cursor points across the normal artery diame- 
ter and the region of maximal coronary artery narro 
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FIGURE 3. Percent stenosis of lesions newly detected at repeated angiography. Numbers indicate the number of these 





BLE I Patient Characteristics on the First Angiogram 


“Group 1 Group 2 











| No. of pts 

Sex: M/F 

Age (yrs) 

Duration of angina (mos) 






38 
35/3 
4945 
6.2413 


34/5 
4947 


31/5 
4648 












-TABLE Il Progression, Steadiness and Regression of 
Coronary Disease 












Group 1 
(n = 39) 


12*t (31)*t 


Group 2 
(n = 36) 


19 (53) 


Group 3 
(n = 38) 


18 (47) 

















No. of pts with progression (%) 













No. of pts with steadiness (%) 20 (51) 14 (39) 17 (45) 
=f No. of pts with regression (%) 7 (18) 3 (8) 3 (8) 
“Interim infarction 2 2 0 










* p <0.05 vs group 2; t p <0.05 vs group 3. 

























_ ing. This method provided the length of each diameter 
Segment, which could be resolved by 0.2 mm. Fifty- 
_ three percent of the lesions were adequately visualized 
in the 2 projections and measurements from the 2 per- 
-< pendicular views were averaged. In the remaining le- 
-sions the measurements were made from a single angio- 
graphic view that was carefully repeated at the repeat 
Study. 
Evaluation of progression and regression: The dis- 
ease was considered progressive if, on the second study, 
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Data evaluation: Interpreters of angiograms were 
prevented from knowing which study conditions they 
were viewing, and percent restriction of each narrowing 
was measured without knowledge of whether the arte- 
riogram was the earlier or the later one. The intraob- 
server variability was <10%. The blinding was moni- 
tored and the work of the interpreters was coordinated 
by an assistant. 

Statistical analysis: Groups were compared using 
the 2-tailed Student ¢ test or chi-square analysis. Re- 
sults were considered significant by either method at p 
<0.05. 


RESULTS 

One hundred thirteen patients completed the study; 
39, 36 and 38 patients were treated for 2 years with 
nifedipine (group 1), propranolol (group 2) and isosor- 
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(group 3), respectively. The 3 gr did 
fer significantly in gender, age and duration of 
ore the first angiogram (Table I). 

ne lesion per branch was present in the vast major- 

j. We found 2 lesions in 1 vessel at 1 or both coronary 

angiographies in only a few patients. At the first cathe- 

terization (Figure 1) each patient had, by selection, 1 

significant focal lesion on a major coronary branch; pa- 

tients in group | had more vessels severely diseased and 

more instances of multivessel involvement. Differences 

were statistically not significant. By selection there were 
no cases of 100% obstruction in any group. 

At restudy (Figure 1), patients in group 2 and 3 had 
more diseased vessels, and more stenoses per patient 
compared to the initial catheterization. The number of 
narrowings causing >50% lumen reduction was in- 
_ creased in all groups. These variations, however, did not 
- reach statistical significance. A single vessel 100% oc- 
clusion was detected in 1 patient in group 1, in 4 in 
group 2 and in 2 in group 3. Progression of coronary 


disease coul een in tracts 


“first angiogram showed >50% or <50% dia 


duction. Two subjects in group 1 and 2 in group 
myocardial infarction from 3 to 5 months befo 
study (Table II). ae 
Progression from significant stenoses: Patients with 
progression of both significant and insignificant stenotic 
tracts numbered 12 (31%) in group 1, 19 (53%) 
group 2 and 18 (47%) in group 3 (Table II); figure 
were significantly (p <0.05) smaller in group 1 than in 
groups 2 and 3. The total number of narrowings wi 
progression of disease (Figure 2). was significan 
smaller in group 1 (n = 14, p <0.05) and greater 
39, p <0.05) in group 2, compared to group 3 (n = 24) 
In group 1, 8 stenoses previously 250% progressed. ( 
became totally occluded). There were 17 of these it 
group 2 (3 evolving to total occlusion) and 12 in group 
(1 causing 100% obstruction). CE 
Progression from insignificant stenoses: Six of 14 
narrowings with progression of disease in group 1, 22 0 
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of 24 in group 3 were <50% occlu- 
siy the first study (Figure 2). Among them, 3 in 
group 1, 11 in group 2 and 7 in group 3 became >50%, 
and lin group 2 and | in group 3 became 100% occlud- 
_ ed. Four narrowings in group 1, 12 in group 2 and 11 in 
group 3 were newly detected at restudy (Figure 3), aris- 
ing from vessels appearing totally normal previously; 
differences between group 1 and group 2, and group 1 
and group 3 were statistically significant (p <0.05). 
One, 3 and 4 of these stenoses in group 1, 2 and 3, 
respectively, exceeded 50% narrowing. 

Regression and steadiness of the disease: We ob- 
served regression and progression in only 2 patients. The 
vast majority of patients classified as having regression 

showed less severe obstruction of 1 or 2 arteries at re- 
peated catheterization, without changes in other associ- 
ated stenoses. 

There were 7 patients with regression in group 1, 3 
in group 2 and 3 in group 3 (Table II). The total num- 
-ber of tracts with regression (Figure 4) was significantly 
_ greater (p <0.05) in group 1 (n = 15) than in groups 2 

_ (n = 6) and 3 (n = 3). We saw regression of both sig- 
nificant (5, 1 and 1 in groups 1, 2 and 3, respectively) 
and insignificant narrowings (10, 5 and 2, respectively). 
Five stenoses in group 1 and | in group 2 regressed to a 
completely normal-appearing artery. Patients with sta- 
bilized disease numbered 20 in group 1, 14 in group 2 
and 17 in group 3 (Table ID. 
Risk factors: Coronary risk factors (Figure 5) were 

checked at each return visit. Eleven patients who had 
reduced cigarette smoking during the study were classi- 
fied as smokers, because they were still regularly smok- 

ing 1 pack a day. The number of smokers, as well as of 

patients with family history of coronary artery disease, 
-was similar in the 3 groups. All patients were normoten- 
< sive. Blood glucose was normal in each group at the first 
angiogram and did not vary significantly in the subse- 
-quent 2 years. Plasma lipid concentrations were normal, 
except for cholesterol >250 mg/dl in 3, 5 and 6 patients 
in groups 1, 2 and 3, respectively. At the end of the trial 
there was a 28% increase in total triglyceride and a 25% 
decrease in high density lipoprotein cholesterol in group 
2; these changes were already detectable and statistical- 
ly significant at 12 months. 

























































_ DISCUSSION 

There are studies suggesting that nifedipine!~ and 
propranolol®-'! may retard or prevent the progression of 
atherosclerosis; this has not been reported for isosorbide 
dinitrate. Therefore, patients who received isosorbide 
_ dinitrate were considered the control group and patients 
‘who were given propranolol or nifedipine as treatment 
"groups. The 3 groups were matched for age and extent 
of obstructive disease. This study design allows us to 
_ draw conclusions concerning the course of coronary ar- 
tery disease; in fact, a different severity of disease might 






wings, because most of their coronary arteries may be 
ready involved at the first assessment. 











Several studies h rt gression of coro- 


„nary artery disease,'+!® ranging between 382° and 


91%!® of patients. Differences in criteria used to evalu- 
ate the progression, interval of observation and treat- 
ment were probably the reasons for such variable re- 
sults. In a series of 262 patients, similar in age to our 
patients and evaluated by similar criteria, Kramer et 
al'> reported a 49% incidence of progression, which is 
exactly that in our control group. 

Rate and extent of evolution of the disease during 2 
years were different between the groups: fewer patients 
had evidence of progression after nifedipine compared 
with patients treated with propranolol or isosorbide dini- 
trate. The number of narrowings with progression was 
smaller in group 1 and greater in group 2 in comparison 
with group 3. A similar pattern emerged from a sepa- 
rate analysis of stenoses previously <50%, stenoses pre- 
viously >50%, stenoses with progression to 100% ob- 
struction and newly appeared stenoses that narrowed 
the coronary lumen by <50%. The disease was less ag- 
gressive in subjects treated with nifedipine, compared 
with those receiving isosorbide dinitrate or propranolol. 
It is remarkable that results in 1 group were more fa- 
vorable compared to each of the other 2 groups. That 
the apparent superiority of nifedipine was casual is un- 
likely. This superiority does not seem to be an effect 
mediated through risk factors2!: arterial pressure, blood 
sugar and serum lipids were normal in group | and re- 
mained so with treatment, and smoking? was similarly 
distributed among the 3 groups. 

The lower incidence of new obstructions with nifedi- 
pine is of obvious clinical importance; it should be sub- 
stantiated in larger populations with more prolonged 
follow-up. Nifedipine’s ability to prevent the formation 
of new coronary lesions is supported again by the obser- 
vation that nifedipine-treated patients developing new 
stenoses were significantly fewer than in either of the 
other 2 groups. This study was not designed to answer 
questions concerning the mechanism through which 
these effects may be mediated. 

Regression of atherosclerosis has been reported in 
previous studies?3*4; however, its incidence and extent 
are undefined. The occurrence of regression with differ- 
ent treatments in our study might suggest an unspecific 
phenomenon. It may even be due to a vasodilatation of 
a stenotic tract by nifedipine or isosorbide dinitrate25.26 
at repeat angiography, which was misinterpreted as a 
regression of the obstruction. This possibility was at 
least partially prevented by taking all angiograms after 
nitroglycerin, which is expected to depress maximally 
the coronary vascular tone, and 48 hours after the last 
drug treatment administration. 

Propranolol was less effective than nifedipine for 
progression of disease, and the number of progressing 
lesions was larger after the 8 blocker than after isosor- 
bide dinitrate. This may suggest either that isosorbide 
dinitrate retarded the evolution of the disease or that 
propranolol made it worse. Both these possibilities are 
unproven, The.increase in total triglyceride and the de- 
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| The characteristics of regional and global left 
_ ventricular dysfunction due to isolated left circum- 
-flex (LC) artery stenosis were determined from the 
contrast ventriculograms of 52 patients studied 
‘during acute myocardial infarction. In patients with 
a left dominant coronary circulation (35%), the se- 
- verity, circumferential extent and location of hypo- 
__kinesia resembled those of right coronary artery 
stenosis. However, in patients with a right domi- 
nant or balanced circulation (65%), the location of 
LC artery-related hypokinesia varied over the en- 
tire left ventricular contour, overlapping with the 
territories of the left anterior descending and right 
<. coronary arteries. The method for measuring the 
severity of hypokinesia was adjusted to take into 
account the wide territory of the LC artery. This _ 
-enhanced the sensitivity of the method, particularly 
_ in the right anterior oblique view, as indicated by 
_ the greater severity of hypokinesia measured (-2.5 
+ 0.9 vs —1.8 + 1.1 standard deviations by our 
_ previously published method, p <0.001). However, 
the overlap of the artery territories may make it 
difficult to selectively measure the dysfunction due 
to stenosis of an artery of interest in patients with 
multiple infarctions. The circumferential extent of 
hypokinesia due to LC artery thrombosis was 
greater in the left than the right anterior oblique 
view. When averaged over both views, the size of 
» the dysfunctional segment approached that due to 
left anterior descending coronary artery thrombo- 
sis, exceeding the size previously reported. These 
results suggest that current eligibility criteria for 
thrombolytic therapy select patients with extensive 
LC artery beds. 
(Am J Cardiol 1989;64:440-447) 
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uantitative methods for analyzing regional left 

ventricular (LV) wall motion have proven use- 

ful in evaluating the effect of thrombolytic ther- 
apy in salvaging myocardium in patients with acute 
myocardial infarction (AMI).!.2 The centerline method 
measures motion in the region considered to be the per- 
fusion territory of the artery of interest.> The territories 
of the left anterior descending and right coronary arter- 
ies were defined as the regions displaying significant hy- 
pokinesia in patients with isolated stenosis of the respec- 
tive artery. However, the territory of the left circumflex 
(LC) artery has been difficult to determine because iso- 
lated LC artery stenosis is uncommon. The present 
analysis combines data from 5 trials of thrombolytic 
therapy to define the wall motion pattern attributable to 
LC artery stenosis, and the relation of the functional 
abnormalities to coronary anatomy and electrocardio- 
graphic findings. 


METHODS E 

Study population: Patients were gathered from the 
Hamburg study,*> the Western Washington intracoro- 
nary streptokinase trial® and 3 studies of intravenous tis- 
sue plasminogen activator sponsored by Burroughs 
Wellcome Co. Enrollment criteria and differences in 
study protocol are listed in Table I. All patients under- 
went acute coronary angiography and ventriculography 
in the 30° right anterior oblique projection and, when 
possible, in the 60° left anterior oblique view. Patients 
were selected for the present analysis if the infarct- 
related artery was an isolated 250% stenosis of the LC 
artery or obtuse marginal branch, and if the ventriculo- 
gram was technically adequate for analysis. 

The coronary anatomy was assessed visually. Clini- 
cal data were obtained from the data coordinating cen- 
ter of a study or the database of the Cardiovascular 
Research and Training Center, which served as a cen- 
tral radiographic laboratory for all 5 studies. 

Ventriculographic analysis: The cine ventriculo- 
grams were analyzed at the University of Washington. 
LV chamber volume was calculated from the right an- 
terior oblique view by the area-length method.’ Wall 
motion was measured by the centerline method? at 100 
chords numbered clockwise around the LV contour and 
normalized by the end-diastolic perimeter length. Ab- 
normality in motion was expressed in standard devi 
ations from the mean motion of 52 
each view, the location. 
had the most depress 











z Hamburg 


mptoms and signs of acute MI 
Pain 230 min in duration 
Pain unresponsive to SL NTG 
Duration of pain <6 hrs to <3 hrs.to <12 hrs to 
treatment admission randomization 
ST-segment elevation (mV) 
Precordial leads 0.2* 0.15 
Inferior leads 0.17 4 0.10 
tand aVL 0.1t 0.2 0.10 
Q wave in lead of ST elevation Allowed Not allowed Not allowed 
Age (yrs) <80 
Thrombolytic agent and route of IC SK 
administration IV UK 
Timing of ventriculography relative Before* /after After 
to onset of thrombolytic therapy coronary 
angiography 
. An-the first protocol, 0.3 mV ST elevation was required; tin the first protocol, 0.2 mV ST elevation was required; #1 of 3 trials required pretreatment angiography and 
; MEW 2 aE an ahs Wellcome trials; IC = intracoronary; IV = intravenous; Mi = myocardial infarction; NTG = nitroglycerin; rtPA = recombinant tissue plasminogen activator; SK = 
~ streptokinase; SL = sublingual; UK = urokinase; WWIST = Western Washington Intracoronary Streptokinase Trial. 





or “worst 20-chord segment,” was found and expressed with motion more depressed than the threshold.* Th 
as the number of the chord at the “beginning” or proxi- motion of the aortic and mitral valve planes was calcu- 
mal end of the segment (Figure 1). The mean motion of lated as the mean motion of chords 1 and 100, and of 
the chords in the segment was calculated. Similarly, the chords 81 through 99, respectively. 

“best 20-chord segment” was defined as the 20-chord Statistical analysis: The data of >2 groups. 
segment with the greatest wall motion compared with compared using multiple Student f tests and the Bo: fer 
normal. The circumferential extent of hypokinesia be- roni adjustment. LV function in orthogonal views w: 
low —1 and —2 standard deviations and of akinesia also compared using the paired 7 test. Proportions were com- 
was determined as the number of contiguous chords pared using chi-square analysis. oe 
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teristics: There were 52 patients in 
m the AMI was attributed to isolated stenosis of the 
LC artery, involving the proximal LC artery in 23 
(44%), the distal LC artery in 18 (35%) and an obtuse 
marginal branch in 11 (21%). Eighteen (35%) had left 
~ dominant circulation. The electrocardiographic infarct 
location was inferior or posterior in 43 (88%) of 49 pa- 
ʻo tients. Anterior ST elevation was seen in only 3 (6%) 
<: patients and was accompanied by lateral changes in 2 of 
them. ST elevation involved the lateral leads in 12 
(24%), often in conjunction with inferior changes (7 of 
12). The ejection fraction averaged 52 + 9% (range 33 
to 73), and was similar whether performed before or 
ter oe therapy (51 + 12% [n = 9] vs 52 + 
8% [n = 43], difference not significant). 
Hypokinesia in the right anterior oblique view: Wall 
- motion was significantly hypokinetic along the inferior 
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EVIATIONS 
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RE 2. The mean LV wall motion of patients with AMI 
_and 1-vessel LC artery disease is shown by the end-systolic 
contours; the chords indicate normal motion. In A and B, 

the mean motion of the patients (solid curve) is 


100), in the anterobasal region (chords 1 through 11). 
and in the mitral valve plane (chords 80 shrews 100, 
approximately). Although hypokinesia in the mitral 
valve region might be attributed to ischemia in the infe- 
rior wall, the dysfunction of the aortic valve plane and 
anterobasal region was unexpected. Therefore, valve 
plane function was explored in AMI due to stenosis of 
the left anterior descending or right coronary arteries 
from the Hamburg and Western Washington trials, As 
shown in Figure 3, the anterobasal region and both 
valve planes were hypokinetic, indicating that dysfunc- 
tion in chords 1 through 10 and 81 through 100 is not 
specific for LC artery disease. 

However, even within the remaining contour (chords 
10 through 80), the wall motion pattern varied consider- 
ably. This can be appreciated from the variable location 
(Figure 4) of the 20-chord segment of the contour that 
had the most depressed motion. Location of this worst 
20-chord segment on the anterior wall occurred in 8 
(15%) of the patients, could not be predicted from the 
coronary anatomy or electrocardiogram, but tended to 
occur with thrombosis of an obtuse marginal branch 
and with right dominance (Table II). The circumferen- 
tial extent of hypokinesia and of akinesia in patients 
with LC artery stenosis was similar to that of the right 
coronary artery (Table III). 
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B. RCA (N=85) 
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FIGURE 3. Wali motion abnormality in AMI due to isolated 
disease of the left anterior descending (LAD) artery or right 
coronary artery (RCA). The bars indicate chords with 
significant hypokinesia (black) or hypokinesia (open). 





Anterior Inferior p Value? 





ocation of ST elevation on ECG* 
Anterior 
Inferior 
Lateral 


Posteriort 
Dominance 
Right 
Left 
Balanced 
Location of LC stenosis 
Proximal LC 
Distal LC 
Obtuse marginal 
“OM2 
* ECG data were available from 51 patients; other data were available from all 52 
patients; t posterior infarction was recorded only in the Hamburg trial; + chi-square 


analysis. ; 
ECG = electrocardiogram: LC = left circumflex: OM2 = obtuse marginal branch. 








These data suggested that regional hypokinesia due 
to LC artery disease should be measured from the most 
hypokinetic 15-chord segment in the LV contour. A 
length of 15 chords was selected because it approxi- 
mates 50% of the territory with significant hypokinesia: 
chords 48 through 80 (chords 81 through 100 having 
been excluded earlier) and 50% of the circumferential 
extent of dysfunction exceeding —1 standard deviation 
(Table III), and equates left dominant LC artery dis- 
ease with right coronary artery disease (whose territory 
spans chords 51 through 80.4 The severity of hypokine- 
sia calculated using this extended search region was sig- 
nificantly more severe (—2.5 + 0.9 vs —1.8 + 1.1 stan- 
dard deviations, p <0.001) than hypokinesia calculated 
as previously described,‘ that is, as a stenosis of the left 








TABLE Ill Circumferential Extent of Wa 
by Infarct-Related Artery and Threshold of Severity in Patie 
with One-Vessel Disease 





Coronary Artery 


LAD 
(n = 106) 


Right LC 


Threshold (n=85) (n= 52) 








Hypokinesia 
—1 SD 
—2 SD 
Akinesia 
Hyperkinesia 
o sD 
1SD 
Ejection 
fraction (%) 


37418 
22414 
4+6 


32415 
18412 
345 


53 + 16 
4Al+19 
21413 


27415 
15413 
55411 


18413 
7+ 10 
5249 


18411 
9+10 
48412 





* L-way analysis of variance (n = 3 groups); | £ test between right coronary an 
circumflex arteries. : 

LAD = left anterior descending coronary artery: LC = left circumflex coronary: 
artery: NS = not significant; SD = standard deviations from normal, negative value: 
indicate hypokinesia. A 





anterior descending artery if dominance were right o 
balanced, and as a stenosis of the right coronary artery 
in patients with left dominance. The dominance met 
underestimated hypokinesia in patients with right 
balanced dominance because many of them had infe 
wall hypokinesia. 

Hypokinesis in the left anterior oblique view: Bi 
plane ventriculographic data were available in 23 of th 
52 patients with LC artery-related AML. In the 60° left 
anterior oblique view, wall motion was significantly h 
pokinetic along the posterior wall in chords 10 to 70. 
(Figure 2), similar to the LC territory defined previous- 
ly: chords 19 through 67. The location of the worst 20- 
chord segment hovered near chord 48 (range 37 to 64) 
in left dominance (n = 7) and varied around chord 47 
in right or balanced dominance (range 18 to 81, n = 





“FIGURE 4. Location of the 20- 

“chord span with severest hypokine- 
sia (solid line) or hypokinesia 
(interrupted line) in the 52 LC 
artery-related patients with AMI. 
‘Those with a left dominant coro- 
nary circulation have inferior hypo- 


PATIENT NUMBER 














y? It was significantly longer the | 

narg right anterior oblique view in patients with right or bal- 

ation an Fy kinesin. the other, inferior. anced dominance. However, more severe degrees of hy- 
The circumferential extent of hypokinesia below —1 pokinesia, below —2 standard deviations, affected simi- 
standard deviation averaged 49 chords (Table IV), lar spans of myocardium in the 2 views. í 
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use of the variable location of hypokinesia in 
anterior oblique, the search region for the LC 
tery was extended from the previously reported span 
(chords 19 through 67) to cover chords 10 through 100. 
Within this search region, the most hypokinetic 24- 
chord segment was sought, which approximates 50% of 
the circumferential extent of dysfunction exceeding ~1 
standard deviation. As in the right anterior oblique 
view, hypokinesia measured using this extended search 
region was significantly more severe than when restrict- 
ed to chords 19 through 67. Application of the extended 
search region to both the right and left anterior oblique 
views resulted in similar values for wall motion (—2.5 + 
0.7 vs —2.3 + 0.7 standard deviation, respectively, n = 
23, difference not significant). 

Hyperkinesia: In the 30° right anterior oblique view, 
the circumferential extent of hypokinesia was similar 
for LC and left anterior descending coronary artery- 
related AMI (Table III). Hyperkinesia was generally 
located along the anterior wall in the right anterior 
oblique view and along the septal wall in the left, that is, 
was located in the wall opposite the site of hypokinesia 
(Figure 3). In patients with hypokinesia on the anterior 
or septal wall, the hyperkinetic segment lay on the infe- 
rior or posterior walls, respectively. 

Relation between coronary anatomy and ventricu- 
lar function: The infarct-related thrombosis was located 
on the proximal segment of the LC artery in 23 pa- 
tients, on the distal segment in 18 and on the first or 
second obtuse marginal in 11. The circumferential ex- 
"tent of hypokinesia was least in patients with thrombosis 
of the distal segment, in the left anterior oblique view 
(Table V). Hypokinesia lay more frequently on the an- 
terior wall in obtuse marginal thrombosis, and more on 
the inferior wall in distal LC artery thrombosis (Table 
V). However, the location of the hypokinetic region was 
variable. On the average, the location of hypokinesia 
due to LC artery thrombosis overlapped that due to left 
anterior descending and right coronary artery thrombo- 
sis (Figure 5). 


DISCUSSION 

Left circumflex territory: The results of the present 
study indicate that the location of hypokinesia in LC 
artery-related AMI resulting from LC artery disease 
“varies widely over the LV contour and occurs in both 
the anterior and inferior walls. In contrast, hypokinesia 
due to thrombosis of the left anterior descending or 
right coronary arteries is predictably located within the 
borders of the respective artery territories.? 

This variability in wall motion pattern could be re- 
lated to coronary anatomy. The LC artery has the most 
variable anatomy of the 3 epicardial coronary arteries.'° 


< < =. Hypokinesia due to LC artery thrombosis in patients 


with left dominance resembled that of right coronary 
artery disease because both affect perfusion of the pos- 
‘terior descending artery. In patients with a right domi- 





TABLE IV Circumferential Extent of Wall Mot 
by Angiographic View, Threshold of Severity an 
in 23 Patients with Biplane Studies i a 





Threshold Dominance Pts (n) 30° RAO 





Hypokinesia 
-1 SD 
34414 
38414 
32413 


49 + 24 
43 4 24 
52 + 24 


20 +12 
19+8 
21414 


24+ 16 
22 + 20 
26415 
Akinesia 
345 
4+8 
345 


245 
243 
246 
Hyperkinesia 

o SD 

1 SD 

2 SD 

* Paired t test, RAO ys LAO. 

LAO = left anterior oblique projection; NS = not significant, RAO = right anteriol 
oblique projection; R,B = right or balanced dominance, SD = standard deviations 


from normal, negative values indicate motion below normal, 0 = normal. positive: 
values indicate hyperkinesia, oes 


16411 
546 
l2 


2214 
84410 
3+6 














electrocardiogram, but was associated with stenosis of- 
the obtuse marginal branch of the LC artery (Table V). 
Because trifurcation branches were read as obtuse mar- 
ginals or first diagonal branches according to their pr 
dominant distribution,'3 and because trifurcati 
branches span the border between the territories of t 
left anterior descending and LC arteries, thrombosis of 
a trifurcation branch, or of the main LC artery proxi- 
mal to its origin, is probably responsible for the anterior - 
wall hypokinesia observed in the present study. Exami- 
nation of regional function in these subgroups (Figure 
5) shows the vastness of the LC territory, and its over- 
lap with the territories of the left anterior descending 
and right coronary arteries. 


Extent of functional defect: Postmortem studies | 


have shown that the LC artery supplies half as much of — 
the left ventricle as the left anterior descending coro- 
nary artery (26 vs 53%).'* Yet, in LC artery-related _ 
AMI, the circumferential extent of hypokinesia below 1 
standard deviation, which provides an in vivo estimate 
of infarct size,’ was nearly as large as in left anterior 
descending artery thrombosis (41% [mean of 2 views 
Table IV] vs 46% [53% in the right anterior oblique 
view, Table III], extent in left anterior oblique view esti- 
mated to be 25% smaller®). Thus, the infarctions due to 
LC artery thrombosis are disproportionately large, sug- 
gesting that the eligibility criteria for entry into these. 
trials of thrombolytic therapy tend to select patients 
with large LC artery beds. This partially explains th 
scarcity of LC artery-related AMI, in addition to its less 
frequent involvement by atherosclerosis,'? and the 
sensitivity of surface electrocardiography to LC arter 








BLE V Relation Between Location of Circumflex Artery Thrombosis and Left Ventricular F uncti 


Segment 










Obtuse 
























Proximal Distal Marginal 
(n= 8) (n=7) (n= 8) p Valuet 
Se | 
Hypokinetic Segment Length 
(threshold, view) 
—1 SD, RAO 32414 36412 33 +16 0.84 
—2 SD, RAO 21412 1847 21417 0.83 
~1SD, LAO 57 +14 46 +30 44+ 25 0.57 
—2 SD, LAO 3649 1514 21419 0.03 
Hypokinetic Segment Location* 
~1 SD, RAO 5245 52 +13 39418 0.10 
—2 SD, RAO 56 +4(7} 6048 44 + 18 (7) 0.05 
—1 SD, LAO 11413 36 + 25 26 + 29 0.15 
~2 SD, LAO 23414 43415 34 + 28 (7) 0.16 












less than total because location is missing in those lacking hypokinesia below —2 SD. 
Abbreviations as in Table IV. 


* Location is designated by chord number at beginning of hypokinetic segment; î 1- -way analysis of variance between groups by segment; + no. of patients indicated in parenthesis 









































anterior oblique view may have underestimated wall 
“motion abnormality.4 Extending the search region re- 
sulted in significantly more severe hypokinesia, indicat- 
-ing enhanced sensitivity. The severity of hypokinesia no 
longer differed significantly between the right and left 
anterior oblique views. The difference previously report- 
ed? was an artifact due to allocation of the LC territory 
to the anterior wall in patients with right or balanced 
circulations. The length of the search region (15 chords 
in the right vs 24 chords in the left anterior oblique) was 
not a factor, because calculation of motion over the 
‘most hypokinetic 24 chords in the right anterior oblique 
-view still did not differ significantly from that in the 
~ orthogonal view. The present study clearly demonstrates 
the need to interrogate the entire LV contour for re- 
“gional wall motion abnormalities. 
-> Valve plane motion: There have been many studies 

demonstrating that the aortic and mitral valve planes 
move toward the apex in systole and outward in dias- 
= tole.'© However, valve plane motion is frequently omit- 
ted from studies of regional LV function in coronary 
artery disease. Indeed, the methods developed for wall 
motion analysis are not always suitable for evaluation of 
valve plane motion because the measurement vectors 
cross the plane tangentially, as in rectangular coordi- 
‘nate methods, or the LV contour is subdivided into re- 
gions that include more than the valve plane. In con- 
_ trast, the centerline method can be readily adapted for 

this purpose. 
= The observation of reduced motion in both valve 
planes in patients with AMI has not been previously 

_ reported. Sandler et al!’ found increased rather than de- 

creased aortic valve movement after anterior AMI. 
However, the timing of angiography was unspecified in 
their study, and the function of noninfarct regions varies 
after AMI, increasing in some patients and decreasing 
in others.* 
Th ‘diminished motion of the aortic and mitral valve 





valvular anulus!® and the descent of the valve planes 
toward the apex during systole has been attributed to 
ventricular muscular contraction. Thus, acute ischemia 
elsewhere in the left ventricle may decrease the pull on 
the valve plane toward the apex. 

Clinical implications: The proposed extended search 
method is a “worst case” approach; that is, the region of 
severest hypokinesia will be attributed to the LC artery 
stenosis. Consequently, accuracy in measuring the effect 
of therapeutic interventions on regional LV function 
may be reduced in patients with multiple AMI involv- 
ing different coronary arteries. For most patients, how- 
ever, interference in wall motion analysis due to over- 
lapping artery territories is unlikely, because hypokine- 
sia is uncommon in the absence of AMI”? 
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APPENDIX 
The Burroughs Wellcome Trial Principal 
investigators 


Burroughs Wellcome Company: Richard S. Kent, MD; 
~~ Judy K. Littlejohn, MD. 

Clinical sites: Brotman Medical Center, Culver City, Cali- 
fornia, Ronald P. Karlsberg, MD; Stanford University Medical 
Center, Stanford, Edwin Alderman, MD; Krannert Institute of 


Cardiology, Indianapolis, Indiana, John Williams, MD; L 
versity of Kentucky Medical Center, Lexington, Kentucky. 
Cindy L. Grines, MD; Cooper Hospital / University. Medica 
Center, Camden, New Jersey, Peter B. Kurnik, MD; Bowman 
Gray School of Medicine, Winston-Salem, North Caroli 
Henry S. Miller, MD, Michael A. Kutcher, MD; Ohio State- 
University Hospital, Columbus, Ohio, Raymond D. Magori 
MD; Oklahoma Memorial Hospital, Oklahoma City, Oklaho-- 
ma, Udho Thadani, MD; Presbyterian-HCA, Oklahoma City 
Charles W. Robinson, MD; University of Oklahoma Health 
Sciences Center, Oklahoma City, Patrick A. McKee, MD; Car. 
diology of Tulsa, Inc., Tulsa, John Kalbfleisch, MD; West 
ginia University Medical Center, Morgantown, West Virgin 
Abnash C. Jain, MD; University of Wisconsin Hospital, M 

son, Wisconsin, Condon Vander Ark, MD. 


The Hamburg Trial Principal Investigators 
Detlef G. Mathey, MD, Joachim Schofer, MD. 


The Western Washington Intracoronary 
Streptokinase Trial Principal Investigators 
J. Ward Kennedy, MD, Director, James L. Ritchie, MD 
Co-Director. ; 
Data coordinating center: Kathryn B. Davis, PhD. 
Policy board: Simeon Rubenstein, MD. oo 
Clinical sites: Overlake Hospital, Bellevue, Washingt 
C.E. Hansing, MD; St. Joseph Hospital, Bellingham, R.S 
Trenouth, MD; Everett General Hospital, Everett, J.P. Nolan 
MD: Providence Hospital, Seattle, G.A: Logan, MD; Swedish 
Hospital, Seattle, F.A, Short, MD; University Hospital, Seat ; 
D.K. Stewart, MD; Veterans Administration Hospital, Seattle 
R.R. Johnston, MD; Madigan Army Hospital, Tacoma, 
Hill, MD; Tacoma General Hospital, Tacoma, E. Lapin, 
St. Joseph's Hospital, Tacoma, J.R. McDonough, MD; 
couver General Hospital, Vancouver, British Columbia, Car 
da, R.R. Ricci, MD; Wenatchee Valley Hospital, Wenatche 
D. Larson, MD; St. Elizabeth Hospital, Yakima, D.A. Monick, 
MD. 8 












Single-Bolus Injection of Recombinant Tissue- 
T ype Plasminogen Activator in Acute Myocardial 
Infarction 





Recombinant tissue-type plasminogen activator 
(rt-PA) has hitherto been administered in acute 
myocardial infarction as an intravenous infusion 
with an initial bolus of about 10% of the total dose, 
both due to its short half-life and to avoid possible 
early reocclusions. A single-bolus dose would sim- 
plify the therapeutic regimen. Therefore, 20 pa- 
tients with symptom duration of 125 + 58 minutes 
were given a single bolus of SO mg of rt-PA over 2 
- minutes. Coronary angiography 60 minutes after 
the rt-PA bolus revealed a patent infarct-related ar- 
<-> tery in 15 of 20 patients (patency rate 75%, 95% 
-confidence limits 51 to 91%). In the remaining pa- 
_tients, reperfusion was achieved by coronary angio- 
_ plasty and intracoronary fibrinolysis; in 2 patients 
soronary artery bypass grafting was necessary. 
rol angiograms at 24 hours showed reocclu- 
. sions in 4 of 18 patients. One woman died due to 
- an intracranial hemorrhage 48 hours after the 
A bolus injection. Circulating fibrinogen de- 
creased from 2.7 + 0.5 to 1.5 + 0.9 g/lter after 2 
to 4 hours and reached the initial value within 24 
hours. Pharmacokinetic parameters were obtained 
patients by measuring rt-PA antigen levels in 
iple plasma samples. Mean peak rt-PA concen- 
tration was 9.8 + 3.6 ug/ml, total plasma clearance 
476 + 148 ml/min and dominant half-life 4.8 + 1.0 
minutes. Thus, rt-PA administered as a 50-mg sin- 
: bolus appears to provide similar patency rates 
and shows similar kinetics in comparison with the 
onventional infusion regimen. Assessment of the 
idence of bleeding complications requires further 
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tissue-type plasminogen activator (rt-PA) i 

more effective in early reperfusion of PO. 
al infarct related coronary artery occlusion than either 
streptokinase or urokinase.!~? Because of the short half- 
life of rt-PA and the possibility of a higher incidence of 
early reocclusions,* rt-PA infusion has normally been 
prolonged to 23 hours using total doses of 2100 mg.56 
Such doses, however, are associated with an increased 
risk of bleeding complications,” despite the moderate 
degree of fibrinogenolysis with rt-PA. Until now, rt-PA 
infusion has been initiated with a bolus injection of 
about 10% of the total dosage, usually 10 mg. Because 
no data have been reported on the patency rate of in- 
farct-related coronary arteries after a single-bolus injec- 
tion, the efficacy of a 50-mg rt-PA bolus was investi- 
gated, based on the experience with an increasing infu- 
sion rate of rt-PA.8 


Ris studies have demonstrated that oe 


METHODS 

Patients: A total of 20 patients (17 men and 3 wom- 
en) with a mean age of 55 years (range 29 to 72) were 
included in the study. Inclusion criteria consisted of typ- 
ical symptoms of acute myocardial infarction with a du- 
ration of >30 minutes and <6 hours and ST-segment 
elevation in 22 of the 12 leads of the standard electro- 
cardiogram, >0.1 in standard leads and >0.2 mV in 
precordial leads. Patients were excluded if older than 75 
years or if usual contraindications of thrombolytic ther- 
apy were present. The data acquisition was performed 
according to the protocol of the German Activator Uro- 
kinase Study.3 

Treatment protocol: Patients received an intra- 
venous bolus of 500 mg of acetylsalicylic acid and 5,000 
IU of heparin followed by a continuous heparin infusion 
of 800 to 1,000 IU/hr adjusted to keep the partial 
thromboplastin time at a value between 2 and 3 times 
the upper limit of normal. Subsequently, a 50-mg rt-PA 
bolus (Actilyse®, predominantly single chain prepara- 
tion, supplied by Dr. Karl Thomae, Biberach, GmbH) 
was intravenously given over a 2-minute period. Pre- 
treatment angiography was not performed. After the . 
bolus injection of rt-PA, the patients were Easter test tor. 














"ABLE I Selected Baseline Variables 











Time of 
Ischemia* 
(min) 


Age 


(yrs), Weight Height 


(cm) 


Site of 
Infarct 


es 


ST Elevation No. 
Sum (mV) 


ECG at Admission 


Maximal 
CK-MB 
of Leads (IU/liter) 


Area Under the Ejection 
CK-MB Curve Fraction 
GU/liter xh) (%) 





185 Anterior 165 
174 Anterior 65 
172 Anterior 
160 Posterior 
164 Anterior 
165 Inferior 
174 Anterior 
178 Anterior 
inferior 
Inferior 
Inferior 
Anterior 
Inferior 
inferior 
Anterior 
Anterior 
Inferior 
Anterior 
inferior 
Anterior 
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* Equals duration between onset of symptoms and administration and rt-PA bolus. 
CK-MB = creatine kinase-MB fraction serum level: CAS = coronary artery stenosis. 
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After opacification of the remaining coronary arteries, 
the angiography of the infarct-related artery was re- 
peated at 90 minutes. Further recanalization procedures 
were performed subsequent to the 90-minute angiogra- 
phy at the discretion of the investigator. These included 
intracoronary or prolonged intravenous thrombolysis or 
coronary angioplasty, which were documented by cine- 
angiographic study and in the protocol. Emergency cor- 
onary revascularization using either percutaneous trans- 
luminal coronary angioplasty, intracoronary thrombo- 
lysis or coronary artery bypass grafting was only per- 
formed if the thrombolytic bolus therapy failed or re- 
current ischemic events occurred. A control angiogram 
and a ventriculogram were obtained after a mean of 24 
hours before removal of the introducer sheaths. 

Left ventricular ejection fraction was assessed from 
the 30° right anterior oblique single-plane ventriculo- 
gram. The perfusion status of the infarct-related artery 
was classified according to the Thrombolysis in Myo- 
cardial Infarction (TIMI) Study grading system. For 
the purpose of this study, TIMI grades 0 and 1 were 
considered occluded and grades 2 and 3 patent. 

Creatine kinase-MB analysis: Creatine kinase-MB 
serum levels were measured before treatment and at 4- 
hour intervals up to 48 hours. The parameters evaluated 
from the creatine kinase-MB activity curves included 
ime to peak creatine kinase-MB after onset of symp- 
oms, maximal creatine kinase-MB concentration and 
area under the serum enzyme-time activity curve after 
subtracti 








pretreatment electrocardiogram from leads I, aVL 
V; through Ve for anterior myocardial infarction 
leads II, HI, aVF and V; through V, for inferior 
posterior myocardial infarction. 

Hemostatic analysis: Fibrinogen levels (C 
method?) were measured before and at 2 to 4 hours, 
hours and 48 hours after the rt-PA bolus injection 
plasma samples collected on 2-uM D-Phe-Pro-A 
CHC! (PPACK, Calbiochem GmbH) to inhibit 
vitro fibrinogenolysis. : 

Pharmacokinetic parameters: Blood samples w 
taken by way of an indwelling catheter placed i 
antecubital vein contralateral to the site of bolus injec 
tion. Patency of the catheter was maintained by flus 
ing with physiologic saline containing 10 U/ml of he 
rin. For assay of rt-PA antigen concentrations using 
enzyme-linked immunosorbent assay!° in 7 of the p 
tients treated, 2-ml blood samples were collected 
tubes containing 6 mM of ethylene diamine tetra- 
tate anticoagulant and 2-uM PPACK (0.03 ml) 
baseline and at 1, 4, 10, 15, 20, 30, 45, 60, 90 mi 
and 2, 4 to 6, 12 to 17 and 24 hours after administratio 
of the rt-PA bolus. The use of PPACK was necessar 
prevent loss of immunoreactivity of rt-PA via bin 
plasma proteins.!°!' All blood samples were centri 
within 30 minutes to prepare plasma, which was stor 
frozen at —22°C until analysis. 

Pharmacokinetic data analysis: Individual pr 








LE Il Infarct-Related Arteries—Perfusion, Stenosis and Interventions 














Interventions. : 
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During 
< infarct-  Patency Area Time to Patency Area At 24 Hours Hospital Stay 
Related at60 Minutes Stenosis Intervention Peak CK-MB at24Hours Stenosis --— 
Artery (TIMI grade) (%) After 90 minutes (hrs) (TIMI grade) (%) PTCA CABG PTCA CABG 
> Lo LAD 3 95 — 1i 3 90 + 0 o 0 
2- LAD 3 80 — — 3 50 0 0 0 0 
3 LAD 3 90 —- 3 85 0 + 0 0 
4 LC 3 99 — 11 0 100 + 0 0 0 
5 LAD 3 55 — — 3 40 0 0 + 0 
<6 Right 3 95 PTCA 11 3 45 0 Q (6) (0) 
7 LAD 0 100 IC lysis, PTCA, CABG 10 — — 0 (0) (6) (6) 
8 LAD 3 90 — — 2 90 + 0 0 + 
9 Right 3 95 — 3 95 + (6) 0 0 
Right 0 100 PTCA 12 3 60 0 0 0 0 
Right 3 99 = 20 (0) 100 T 16) 0 0 
LAD 1 99 PTCA, CABG 10 _ ae ie) 0 0 0 
Right 3 95 IC lysis, PTCA 17 3 75 0 0 0 0 
Right 3 95 IV lysis 12 3 25 0 1] 0 0 
LAD 0 100 PTCA 22 0 100 0 0 0 o 
LAD 3 95 Can 10 2 95 (8) 0 + 0 
Right 2 90 PTCA 19 0 100 0 0 0 0 
LAD 0 100 PTCA, IV lysis 17 2 95 0 0 0 Qo 
Right 3 99 _ 11 3 99 t 0 0 0 
LAD 3 90 = 3 90 0 o o 0 
CABG = coronary artery bypass grafting: CK-MB = creatine kinase-MB fraction; IC or IV lysis = intracoronary or intravenous thrombolysis; LAD = left anterior descending: LC = left | 
circumflex; PTCA = angioplasty; Right = right coronary artery; TIMI grade = perfusion of the infarct-related artery according to the classification criteria of the TIMI study. 

















































elimination from the central compartment (plasma). 
~ Goodness of fit was statistically assessed as previously 
_ described.'? The pharmacokinetic parameters calculat- 
ed from the model using standard formulas!* included 
` maximal plasma concentration (Cmax), area under the 
_ curve, total clearance, half-lives (t/4,,,) and their cor- 
-. Tesponding partial areas (area under the curve,.¢), vol- 
umes of distribution of the central compartment (V;) 
and at steady state (Vss). 
-© Statistical analyses of changes of rt-PA and fibrino- 
-gen from baseline (mean + standard deviation) were 
performed using l-way analysis of variance and Dun- 
_ can’s multiple comparison procedure. The significance 
-level used was 0.05. 
Clinical follow-up: Anticoagulation was maintained 
during the hospital stay either by intravenous or sub- 
cutaneous heparin or by an oral anticoagulant agent. 
Cardiovascular and bleeding complications or critical 
events were recorded. Reinfarction was defined as an 
„anginal episode of >30 minutes’ duration unresponsive 
to nitrates and associated with significant ST-segment 
elevation, regardless of new Q waves and increase of 
rdiac enzymes. 


The baseline characteristics of the 20 patients are 
listed in Table I. The pretreatment electrocardiograms 
showed an ST-segment elevation sum of 1.7 + 0.7 mV 

1 3 to 6 of the corresponding leads in 11 patients with 
nterior infarctions and 0.9 + 0.6 mV in 2 to 5 leads in 









75% patency rate (95% confidence interval 51 to 91%). 
In 3 of 5 patients with failed rt-PA bolus, reperfusion 
was achieved by percutaneous transluminal coronary 
angioplasty (patients 10, 15 and 18). Bypass surgery 
was necessary for revascularization in the other 2 pa- 
tients (7 and 12) after an unsuccessful combination of 
additional intracoronary thrombolysis (500,000 IU of 
urokinase in 30 minutes) and coronary angioplasty. In- 
terventions were necessary in 4 patients with patent in- 
farct-related arteries because of recurrent ischemia 
(persistent ST-segment elevations or angina pectoris 
symptoms or both). Only coronary angioplasty was per- 
formed in 2 of them (patients 6 and 17), whereas in 
patient 13 coronary angioplasty was combined with in- 
tracoronary thrombolysis and in patient 14 a prolonged 
rt-PA infusion (>2 hours) was carried out because of a 
large residual intracoronary thrombus. Thus, at the end 
of the first angiographic study all patients had a patent 
or reperfused infarct-related coronary artery (Table II). 

A time to peak creatine kinase-MB of <15 hours 
after symptom onset has been shown to differentiate pa- 
tients with early reperfusion from those with late or no 
reperfusion.'>-'’ With regard to this enzymatic parame- 
ter of early restoration of coronary blood flow, 5 pa- 
tients (25%) showed a late peak of creatine kinase-MB 
curve (>15 hours, patients 11, 13, 15, 17 and 18), indi- 
cating either a very early reocclusion (patients 11, 15, 
17) as seen in the 24-hour angiogram or insufficient pri- 
mary reperfusion of the infarct-related artery (patients. > 
13 and 18), in spite of additional interventions such as. 
coronary ang 


_ hary/intraven 














These interventions were necessary due to 
rent ischemic events (patients 4, 5, 8 and 16), 
st pain (patients 1, 3 and 9) or reocclusion and insuf- 
ficient flow at the 24-hour angiogram (patients 11 and 
19). Thus, in 17 of 20 patients, additional interventions 
“had to be performed during their hospital stay. 
Systemic fibrinolysis: Systemic fibrinolytic effects, 
as reflected in serum fibrinogen levels, were measured 
before and after the rt-PA bolus injection (Figure 1). 
The mean fibrinogen level before bolus injection was 2.7 
+ 0.5 g/liter; 2 to 4 hours after rt-PA bolus it decreased 
to 1.5 + 0.9 g/liter (p <0.01). A decrease below 1 g/ 
liter was found in 4 (patients 1, 9, 11 and 16). At 24 
and 48 hours, the mean fibrinogen levels had returned 
to the normal range (2.2 + 0.7 and 3.3 + 1.0 g/liter, 
respectively). 
- Pharmacokinetics: The time course of the mean rt- 
PA plasma concentrations in the 7 patients in whom 
pharmacokinetics were investigated is shown in Figure 2 
for the first hour after administration of the rt-PA bolus 
dose. The corresponding profile of rt-PA concentrations 
-determined in an earlier study?’ using the currently rec- 
ommended continuous infusion regimen (10-mg bolus 
followed by 50 mg over 1 hour and 40 mg over 2 addi- 
tional hours) is included for comparison. Baseline rt-PA 
antigen levels were 2.0 + 0.6 ng/ml. At 24 hours, the 
rt-PA levels were still slightly but significantly elevated 
(4.1 + 0.94 ng/ml). Data fitting yielded significantly 
“better fits using a 3-compartment model, which includ- 
eda terminal, y phase of disposition, than with a 2- 
_ compartment model accommodating a and 8 phases 
only. A representative model fit is shown in Figure 3. 
The maximal rt-PA plasma concentration after the 50- 
mg bolus was 9.8 + 3.6 ug/ml. Subsequent disappear- 
ance from plasma was characterized by an initial, domi- 
nant æ phase with a half-life of 4.8 + 1.0 minutes ac- 
counting for 66% of the area under the curve, followed 
by 6 and y phases with half-lives of 17 + 6.3 minutes 
and 9.1 + 3.1 hours, respectively. Total clearance was 
476 + 148 ml/min and the volume of distribution of the 
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Critical events and bleeding complications: Re- 
infarction occurred in 3 patients within 48 hours after 
fibrinolytic therapy (15%) and every time it was associ: 
ated with renewed elevation of creatine kinase-MB lev 
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FIGURE 2. Time course of observed mean + standard error « 
the mean plasma concentrations in rt-PA in 7 of our patients 
(m) after administering 50 mg of rt-PA as a bolus. The corre- 
sponding profile determined in a separate study’® in 12 pa- 
tients using the conventional infusion regimen (see Discussion) 
is shown for comparison (O). The vertical broken line indi- 















iovascular complications were rare. In 3 patients an 
intravenous pacemaker catheter was temporarily in- 
`- stalled because of atrioventricular block (patients 6, 10 
and 18). The rt-PA bolus was well tolerated; no allergic 
¿reaction or decrease of systolic blood pressure was seen. 
There was | fatal intracranial hemorrhage. A 71- 
year-old woman (patient 4) with severe 3-vessel disease 
and a history of diabetes showed reocclusion of the cir- 
| cumflex artery and reinfarction at the 24-hour angio- 
gram and developed cardiogenic shock. Reperfusion was 
achieved by emergency coronary angioplasty (with a re- 
< peat heparin bolus of 10,000 to 15,000 IU). However, 
after 24 hours intracerebral bleeding was diagnosed by 
: computer tomography. Fibrinogen decreased to a mini- 
mum of 1.1 g/liter. The patient died 17 days later in 
_ protracted cardiogenic shock. No further bleeding com- 
plications were observed. 





















































DISCUSSION 

An increased infusion rate of rt-PA has been shown 
to result in faster thrombolysis and a higher patency 
rate of thrombotic coronary occlusions in myocardial in- 
farction.*68 However, the increase in the total dose of 
rt-PA and the duration of the infusion has led to a high- 
er bleeding risk.’ The rt-PA dose in the first hour ap- 
-pears to be a critical determinant of the rapidity and 
-success rate of recanalization. In a previous study in 
which a total dose of 100 mg was infused over 90 min- 
utes with an initial bolus of 15 mg, corresponding to a 
dose of 83 mg administered in the first hour, an angio- 
-graphically documented patency rate of the infarct-re- 
lated arteries of 77% was observed at 60 minutes and 
90% at 90 minutes, without an increased rate of re- 
occlusion or reinfarction.’ 
On the basis of those results we have tested a large 
Single rt-PA bolus for coronary thrombolysis. Initial pa- 
tency of infarct-related arteries was found to be the 
same as that obtained with the current infusion regi- 
“men. Further, fibrinogen levels measured 2 to 4 hours 
after the bolus were not significantly more depressed 
relative to baseline than after infusion.!9 However, the 
high rate of recurrent ischemic events and reocclusions 
in these patients, necessitating additional thrombolysis, 
angioplasty or surgical revascularization during the hos- 
pital stay, may indicate incomplete thrombolysis and 
_ represents a potential disadvantage of the single-bolus 
regimen. 
= These observations can be rationalized in pharmaco- 
‘kinetic terms because the efficacy of rt-PA is closely 
_ correlated with its kinetics.2° Initial plasma concentra- 
_ tions of rt-PA after the 50-mg bolus were considerably 
higher than previously observed using the conventional 
infusion regimen, in which the first 50 mg are adminis- 
ered over a much longer time period of 50 minutes 
(Figure 2). Consequently, a greater area under the 
curve was achieved in the first 20 minutes after the bo- 
, consistent with the high early patency rate docu- 
nted by coronary angiography. After 20 minutes 





ves (patients 4, 17 and 18). Other 


however, tł A bolus plasma concentrations de- 
creased rapidly below the infusion steady state value of 
2.2 ug/ml," such that at 50 minutes the area under the 
curve using the infusion regimen was similar to that 
achieved with the bolus. Therefore, to consolidate the 
benefits of early patency it may be necessary to increase 
the size of the bolus, to 75 mg for example, or to admin- 
ister the remaining 50 mg of the standard 100-mg total 
dose as a maintenance infusion commencing within 1 
hour. Variant molecular forms of rt-PA that display 
prolonged plasma half-lives in experimental animals 
have been reported,?! and for this reason may be of po- 
tential future utility for single-bolus administration. 

Other pharmacokinetic parameters after rt-PA bolus 
were highly comparable with those determined for the 
infusion regimen. In particular, total clearance (476 + 
148 ml/min) was not significantly different from the 
infusion value (383 + 74 ml/min); the dominant half- 
life was slightly longer after bolus (4.8 + 1.0 minutes) 
than infusion (3.6 + 0.9 minutes), although the differ- 
ence was not Clinically meaningful. The kinetic data 
also indicate that no saturation of rt-PA elimination oc- 
curred despite the fact that the peak rt-PA plasma con- 
centration after bolus was 4.4 times higher than steady 
state levels during infusion. Because rt-PA is known to 
be catabolized in the liver,?? the capacity for hepatic 
uptake of rt-PA was evidently quite adequate in the pa- 
tients of this study. 

Although rt-PA therapy is much easier using a bolus 
injection rather than infusion, especially in emergency 
cases, a final assessment of the efficacy and safety of a 
regimen using a single, high dose bolus injection will 
only be possible when the results of larger clinical trials 
become available. 
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Many clinical trials or population studies have used 
_ change in Minnesota Q code, ST-segment depres- 
_ sion code or T-wave inversion code as evidence of 
-new myocardial infarction or new coronary heart 
disease event. Direct electrocardiogram (ECG) 
waveform comparison is a new standardized proce- 
dure for diagnosing interim myocardial infarction 
from ECGs classified according to the Minnesota 
code (serial Q-wave pattern change). This proce- 
-..dure was investigated for its application in epidemi- 
<- Ologic studies. Use of this procedure in the Multiple 
Risk Factor intervention Trial resulted in a 50% in- 
crease in the positive predictive accuracy, improved 
agreement with clinically defined myocardial infarc- 
_ tion and a strong independent prognostic associa- 
_ tion with total and coronary heart disease mortali- 
_ ty. Among those with major Minnesota Q-code 
< findings, there was substantial variation in mortali- 
ty. The 5-year coronary heart disease death rates 
estimated by life table analysis were 8.5% for 
those with major serial Q-wave pattern change, 
_ 5.1% for those with minor serial Q-wave pattern 
_ Change and 1.5 to 2.6% for those with major or 
- minor Minnesota Q-code change not substantiated 
by direct waveform comparison, compared with 
2.4% for those with no Minnesota Q-code findings. 
The coronary heart disease death rate for those 
with major serial Q-wave pattern change was 
greater than that for the other ECG groups (p 
<0.01). Adjustment for age and other risk factors 
did not qualitatively alter these findings. This new 
approach is eminently suitable for export to other 
investigators, for incorporation into computer anal- 
ysis programs and for statistical analysis. 
(Am J Cardiol 1989;64:454-461) 
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clinical trials is a bias-free, objective measure- 
ment of cardiovascular occurrence rates be- 
tween comparison groups. The electrocardiogram 
(ECG) is well suited to central standardized measure- 
ment and handling by blinded, repeatable procedures, 
thus providing an objective method to document study 
endpoint information without bias of ascertainment. 
The Minnesota code was originally developed for de- 
termining prevalence information in epidemiologic stud- 
ies and it functions well in that capacity.! Later, criteria 
for documenting significant change between Minnesota 
codes were developed from “armchair rationale” with 
general knowledge of the classification error in ECG 
coding, and then modified after testing against an au- 
topsy-proven sample from Mayo clinic records and a 
normal sample.* However, criteria for significant 
change between Minnesota code classifications, used as 
an index of incidence rates for new myocardial infarc- 
tion (MI), tended to produce high false positive misclas- 
sifications as judged by clinical assessment.? Because 
ECGs are continuous and “infinitely gradable,” where- 
as Minnesota code items are categorical, a minor ampli- 
tude or duration change can sometimes produce a sig- 
nificant Minnesota code change. In spite of these limita- 
tions, criteria based on change in Minnesota code were 
routinely used for ischemic endpoint determination in 
many epidemiologic studies in the United States and 
abroad since the 1960s.4-8 
During the Multiple Risk Factor Intervention Trial 
(MRFIT), we introduced a new approach to classifica- 
tion of ECG changes. First, computer-generated Min- 
nesota Q codes were identified for all baseline or annual 
ECG recordings. Second, for each participant with a 
new major Minnesota Q code detected at an annual vis- 
it, 2 cardiologists directly compared the baseline ECG 
with the annual ECG to determine whether or not the 
new Q code represented a major serial Q-wave pattern 
change. The cardiologists followed predefined rules for 
serial ECG change that mimic the physician’s clinical 
reading approach. These rules were developed in the 
Minnesota ECG Coding Center and provide categoriza- 
tion of new MI or coronary heart disease event without 
the limitations of the original procedure, which com- . 
pared only Minnesota Q codes. This comparison proçes: 
dure is based on direct comparison of ECG waveforms. 
into the Minnesota ECG Centers _ : 


A central requirement for epidemiologic studies and 









It was incorporated 





_ standardized training proced d taugh 







‘his coding procedure has been evaluated in 
MRFIT using nonphysician coders and is the sub- 
of this report. 


_ METHODS 
Study ion: Analysis of baseline and follow-up 
ECG data from the MRFIT form the basis of this re- 
port. The MRFIT was a randomized clinical trial in 
men, ages 35 to 57 years, at 22 participating clinical 
centers, recruited between 1973 and 1976. A total of 
12,866 men without clinical evidence of definite coro- 
nary heart disease were enrolled in the trial. Eligibility 
criteria, statistical design and methods are described in 
detail elsewhere.° 
>. Electrocardiogram recording at rest and analysis: 
 Electrocardiograms were recorded at baseline and at 
the 6 to 8 subsequent annual examinations on FM cas- 
settes using a Marquette 3500 recorder. The ECG at 
rest included the conventional 12-leads plus the 3 or- 
thogonal X, Y, Z Frank leads and were taken in the 
recumbent position, after an overnight fast. The FM 
cassettes recorded at the clinical centers were played 
back using 1 centralized unit located at the computer 
ECG center at Halifax, Nova Scotia.'!° Paper tracings 
were produced for visual coding and sent to the Minne- 
sota ECG Coding Center. All ECGs were Minnesota- 
coded independently 3 times by trained coders, with dis- 
agreements settled by the laboratory supervisor or the 
investigators. 

Procedures for electrocardiographic diagnosis of 

- myocardial infarction: The original procedure, compar- 
ison of Minnesota Q codes, is based on indirect compar- 
ison of ECG waveforms. Here, the Minnesota codes, 
assigned independently to each ECG, are compared 
without further reference to the ECG waveform (see 
Appendix A for Minnesota Q/QS codes). 

The new procedure, direct comparison of ECG 
waveforms, compares pairs of ECGs, selected because 
they have significantly different Minnesota Q codes. Di- 
rect comparison of waveforms uses the baseline ECG as 
the reference for comparison to all subsequent tracings. 
Any follow-up ECG with a major or minor Minnesota 
Q-code change is compared in turn with the reference 
ECG to confirm or negate a serial Q-wave pattern 

-change from baseline. This procedure uses triplicate, in- 
dependently read ECG pairs with adjudication by the 
ECG Center supervisor. The side-by-side ECG compar- 

json using the rules given in Appendix B determines 3 
waveform change categories: (1) no change; (2) serial 
Q-wave pattern change (minor or major); or (3) techni- 
cal problem. Table I lists the major and minor Minneso- 
ta code change criteria that prompt serial ECG compar- 
isons; note that only ECG items a and b are used in this 
study. Figures 1 and 2 show the procedure for a serial 
Q-wave pattern change and for no change. These com- 
parison rules require that the majority of beats under 
evaluation fulfill the change criterion. For example, let 
us assume that the baseline ECG showed that the ma- 

jority of QRS complexes had a Q:R ratio =1/6 in stan- 
dard lead II. In order to document i 
; s change by dir fo 
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TABLE! Major and Minor increases in the Severity of : 
Minnesota Code Change Prompting Direct Po: 
Electrocardiographic Waveform Comparison 










Minnesota Code 
on Follow-Up ECG: 


Minnesota Code 
on Initial ECG 





ECG Item 

























1-1 or 1-2 (except 1-2-8) | ; 





1. Q-QS patterns None of 1-1 to 1-3 





(major) 1-3 or 1-2-8 1-1 
2. Q-QS patterns None of 1-1 to 1-3 1-3 or 1-2-8 
(minor) 1-3 or 1-2-8 1-2 (except 1-2-8) 
1-2 (except 1-2-8) 1-1 
3. T waves None of 5-1 to'5-3 5-1 to 5-2 
(major) 5-3 5-1 
4. T waves 5-3 5-2 
(minor) 5-2 5-1 
5. ST depression None of 4-1 to 4-3 4-1 to 4-2 
(major) 43 41 
6. ST depression 43 42 
(minor) 4-2 41 
7. ST elevation No 9-2 9-2 
(major)* 
8. LBBB No 7-1-1 7-1-1 
(major)* 









Minnesota code change of any ECG itern may oceur within any of the following leat p 
groupings: anterolateral t, aVL and Vs; posterior li, Hi and aVF; anterior V; through Ygs: 
+ ST elevation and LBBB have no minor change component. E 


LBBB = left bundle branch block. 

























































event ECG must have the majority of Q:R ratios in | 
II measured at 21/4. The approach of using the maj 
ity rule for determining change is part of the visual < 
ing method. A more accurate approach would. be 
measure change from computer-generated avera 
beats. 
Annual visit electrocardiographic criteria for nonfa 
tal myocardial infarction: Standard Minnesota cod 
of ECGs was performed in the MRFIT at baseline. 
at the 6 to 8 annual follow-up examinations, maj 
change in specific Minnesota Q-code items betw € 
baseline and any follow-up ECG was used to iden 
pairs of ECGs for direct comparison: Appendix 
shows the Minnesota Q/QS code definitions. An annual 
visit ECG was judged to have a new major Q code if 
Minnesota Q code 1-1 or 1-2-1 to 1-2-7 was coded on 
any annual visit but no Q codes were found on the base- 
line ECG, or if Minnesota Q code 1-1 was found onan 
annual visit ECG and a less severe Q code (1-2-8 or any 
1-3) was coded on the baseline ECG. For all. partici- 
pants with these changes, the new objective rules, shown 
in Appendix B, were used to confirm whether or not the 
major Minnesota Q-code change was a major serial | 
wave pattern change.'! The new procedure was applied 
by the 2 cardiologists and later by the Minnesota ECG 
Center coding staff using the same rules. oe 
Terminology: In this study, we define a major 
change in Minnesota Q code as a “worsening” by 2. 
classes of Q-code class (for example, 1-0 to 1-2 or bi; 
1-3 to 1-1). We define a minor change in Minnesota Q 
code as a “worsening” by 1 Q-code class (for example. 
1-3 to 1-2, or 1-2 to 1-1). e 
We form 5 Q-code categories that are mutually ex 
clusive and based on the most severe ECG classificati 

















1i rial Q-wave pattern change, when there 
a minor change in Minnesota Q-code not confirmed 
by direct waveform comparison; (c) no major serial Q- 
`- wave pattern change, if a major change in Minnesota Q 
-<code is not confirmed by direct waveform comparison; 
(d) minor serial Q-wave pattern change, when there is a 
minor change in Minnesota Q-wave code confirmed by 
direct waveform comparison; and (e) major serial Q- 
_ wave pattern change, when a major change in Minneso- 
> ta Q code is confirmed by direct waveform comparison. 
“Note that each category except no Q code ever uses 
major or minor Minnesota Q-code change in the struc- 
ture of the classification. 
The severity of these categories is assumed to be 
least for categories “a”, “b” and “c”, intermediate in 
category “d” and worst in category “e.” 










Definition of clinical endpoints: Clinical nonfatal MI 
was defined by affirmative responses on the annual 
medical history questionnaire to all of the following (1) 
history of hospitalization by self-report; (2) participant 
report that a non-MRFIT physician had told him he 
had had a heart attack during the past 12 months; and 
(3) a study physician noted at annual examination ej- 
ther that a myocardial infarction during the prior year 
was “present or suspect” or that there was new clinical 
ECG evidence of MI at that annual visit. 

Mortality assessment: Classification of cause of 
death was performed by a committee of 3 cardiologists 
not affiliated with the MRFIT. They evaluated hospital 
records, physician reports, next-of-kin interviews, death 
certificates and autopsy reports. Randomized group as- 
signment was carefully masked. Deaths were subclassi- 
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FIGURE 1. Significant ECG pattern 
change. The baseline ECG shows 

initial R waves V, through V3. The 
event ECG has a 1-1-1 code in V3. 























Direct comparison shows >1-mm 
R-wave amplitude change between 
the ECGs in lead V3. 
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FIGURE 2. No change in ECG pat- 
tern. Baseline ECG shows a tiny ini- 
tial R wave in V2. Event ECG shows 
no initial R wave in V2 and 1-1-1 
code. Direct comparison shows <1- 
mm R-wave amplitude change be- 
tween the ECGs in lead V2. 
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utopsy evidence) with death occurring within 30 
nset of symptoms or during hospitalization for 
acute myocardial infarction; (2) sudden death (within 
24 hours of symptom onset and without documented 
myocardial infarction); (3) congestive heart failure due 
to coronary heart disease; (4) death associated with sur- 
gery for coronary heart disease or from complications of 

such surgery; or (5) noncoronary heart disease death. 
Statistical methods: Levels of agreement in labeling 
of serial Q-wave pattern change coding results were as- 
sessed by the Kappa statistic.!? Using life table analysis, 
we investigated coronary heart disease mortality accord- 
ing to the 5 ECG severity categories stated above (“a 
through e”). For men who had a Minnesota Q code at 
. any annual visit, follow-up begins in the year when the 
most severe Q code occurs. A random year has been 
selected for start of follow-up in the men with no Q 
code. There are 2 rationales for the selection of this ran- 
dom start year. First, it assures that ages of men who 
never had a Q code are increased from the MRFIT 
baseline in the same distribution as ages of those who 
had any Q code. Second, it assures equal MRF IT expo- 
sure, by assuring that the same postbaseline years of 
that trial are being compared for those with no Q code 
as for those with any Q code. The distribution of follow- 
up start years in men with no Q code is: year 1, 23.2%; 
year 2, 16.0%; year 3, 13.4%; year 4, 13.8%; year 5, 
11.4%; year 6, 14.2%; year 7, 7.9%. We repeated the life 
. table analysis among men without documented clinical 
_ MI (“silent MI”). Mortality rates before and after ad- 
justing for age, serum cholesterol, diastolic blood pres- 
sure and cigarette smoking status were evaluated for 
statistical significance using the Cox-Mantel statistic in 

the proportional hazards regression analysis.!? 





RESULTS 

Table II presents the agreement between the cardiol- 
ogist-labeled major serial Q-wave pattern change and 
the Minnesota ECG Center-identified major serial Q- 
wave pattern change among the 557 MRFIT partici- 
pants who had any major Minnesota Q-code change. 
Agreement was observed in 478 (86%) patients. Thirty- 
nine physician readings were discordant with the coder 

a classification; the reverse was observed in 40 patients. 
~~ Overall, the Kappa statistic was 0.68 (p <0.01). Two 
hundred ECGs were recoded by the coding staff using 
triplicate independent reading and compared with the 
original results. The agreement across lead groups be- 
tween the first and second adjudicated coding ranged 
from 0.86 to 0.92 by Kappa statistic. 

Table III lists the results of the association between 
clinical MI status and major serial Q-wave pattern 
change, no major serial Q-wave pattern change or no 
major Minnesota Q-code change ever. Among the 516 
men with clinical MI, 182 (35.3%) had a major serial 

d 21 (4%) had no major serial 













major serial Q- 


cardial infarction (documented by clini- Į 















TABLE Il Level of Agreement Between Cardiologists and 
Minnesota Coders for Identifying Major Serial Q-Wave Patte: 
Change Among 557 Multiple Risk Factor Intervention Trial 
Participants with Major Minnesota Q-Code Change from 
Baseline to Any Annual Examination 





















Cardiologists’ Results 
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Totals: 

































































Coders’ Results 
Mi+ 
Mi- 


337 
220 
557 





TABLE Ill Relation Between Electrocardiographic Status and 
Clinical Myocardial Infarction Among Multiple Risk Factor f 
Intervention Trial Men 



























Major Minnesota 
Q-Code Change 
Major No Major No Major 
Serial* Serialit Minnesota 
Q-Wave Q-Wave Q-Code 
Clinical Mi Change Change Ever Total 
Present (%) 182(35.3) 21(4.1) 313 (60.0) 516 (100. 
Absent (%) 155(1.3) 199 (1.6) 11,996(97.1) 12,350 00 
Total (%) 337 (2.6) 220(1.7) 12,309 (95.7) 12.866 (100 
* Major Minnesota Q-code change (1-0 at baseline to 1-2 or 1-1 at any follow. 
visit, or a change frora 1-3 at baseline to 1-1 atany follow-up visit) confirmed by direct 
ECG comparison; t major Minnesota Q-code.change (1-0 at baseline to 1-2 or “T-Lat 
any follow-up visit, or a change from 1-3 at baseline to 1-L-at any follow-up visit) not 
confirmed by direct ECG comparison. : 
Only the most severe Q-code change was considered. 








fore using the direct ECG waveform procedure, all the 
354 (155 + 199) men would have been labeled defini 
interim MI by Minnesota Q-code change criteria. 
The categories “major serial Q-wave patter 
change” and “no major serial Q-wave pattern chang 
from Table III are analyzed in detail in Table IV ac- 
cording to the presence or absence of clinical MI and 
the specific Minnesota Q-code change that prompte 
the direct ECG waveform comparison. In most patients 
in whom clinical MI is present, direct ECG wavefor 
comparison agrees closely with the Minnesota Q-code 
change, whereas in patients with clinical MI absent, di- 
rect ECG waveform comparison agrees with Minnesota 
Q-code change in 45% of the patients. In the lateral 
leads (I, aVL, Ve), Minnesota Q-code change to 1 
was not substantiated by direct ECG waveform co 
parison in 4 of 8 patients in whom clinical MI was pre: 
sent, and 18 of 21 patients in whom clinical ME was 
absent. In the inferior leads (II, I, aVF), most ‘cases 
not substantiated by direct comparison occurred 
Minnesota Q-code changes to 1-2-4 and 1-2-6, name 
5 of 17 patients with clinical MI present and 83 of 1 







curr 

























men and 4.4 when those with clinical MI were exclud- 
ed. When men with clinical MI were included in the 
-< analysis, there was a tendency (not statistically signifi- 
cant) toward higher mortality rates for those with mi- 
nor serial Q-wave pattern change. The remaining 3 
groups had lower coronary heart disease mortality rates 
that were similar to each other. 


DISCUSSION 


Most published reports!+-!6 of ECG diagnostic crite- 
_ via for MI have dealt primarily with static ECG find- 














oe 
a 
wo 
x 
w 
ra esota Q-code ever 
> 
5 or serial Q-wave pattern change 
wy 
no major serial Q-wave pattern change 
rial Q-wave pattern í 
seria} Q-wave pattern change 
08. 5 
£ ategor Study Year 
a 11,657 8216 4825 678 
D 366 304 234 33 
c 220 157 79 14 
d 286 19 94 16 
e 337 203 83 8 


*See text for definitions of ECG categories 


tus. 

However, Minnesota Q-code category change may 
result from biologic variation of the ECG. In a study by 
Rautaharju et al,?4 the short-term variability (>2 
weeks) of Q-code change was assessed in a group of 104 
clinically stable MRFIT participants. This group was 
an enriched sample of men with Tespect to Minnesota 
Q-code findings. A significant worsening, that is, an in- 


















eean 
1.60 
0.96 
0.92 
v 
8 0.88 
x 
S 0844 2? —— noMinnesota O-code ever 
> 
5 b ae no minor serial Q-wave pattern change 
wo 
0.804 © mpm O major serial Q-wave pattern change 
d meo minor serial Q-wave pattern change 
0.767 ¢ Major serial Q-wave pattern change 
0.72 
A ce) 2 3 4 5 6 7 8 
ECG category Study Year 
a 11,420 8040 4719 663 
b 351 293 224 31 
c 199 143 74 r3 
d 225 151 80 V4 
e 155 81 35 3 


*See text for definitions of ECG categories 








i change category had 
irvival rate than the other Q-code cate- 


FIGURE 4. Relation between Q-code category and coronary ; 
heart disease mortality among men without clinical MI (“silent 
MI”). The major serial Q-wave pattern change category hada 
















%) and a significant improvement, that is, a 
ease by >1 Q-code category occurred in 10 of 104 

patients (9.6%) during this short time period. Because 
in 16% of the patients there were spurious findings us- 
ing change in Minnesota code categories, the investiga- 
tors conclude that ECG endpoint detection may require 
comparison of changes in continuous ECG measure- 
ments. 

Tominaga et al?> did study change in continuous 
ECG measurements in relation to diagnosis of myocar- 
dial infarction. They attempted to elucidate the relative 
contribution of serial electrocardiographic change to the 
diagnosis of coronary events compared with the absolute 
value of the measurement of specific ECG waveform at 
~ or after the event (Q-wave duration, Q/R ratio). They 
considered the use both of an ECG known to be post- 
event and of serial change from a preevent to a post- 
event ECG. In contradistinction to the findings of our 
study, the work of Tominaga et al? found that only a 
modest improvement in diagnostic value was obtained 
from information about serial ECG change beyond 
findings from an individual postevent ECG. The pri- 
mary difference between the 2 studies may be in the 
sample selection. Their samples were selected to clearly 
distinguish between the MI and non-MI groups, mini- 
mizing the false positive rate in the postevent ECG. In 
an unselected sample such as ours, there may be false 
positives in the clinical MI group, and the serial mea- 
surement may clarify the diagnosis of these false posi- 
tives by reducing the variability of categorical change. 

Recognizing the inherent limitations in using 
changes in Minnesota code, we developed the direct 
ECG waveform comparison to confirm or negate 
whether Minnesota Q-code changes represented a diag- 
nostic change. Because this procedure uses Minnesota 
codes to select ECGs for direct comparison, it can be 
applied retrospectively to stored ECGs in any study 
with Minnesota-coded ECGs. The use of this serial 
comparison procedure was hypothesized to improve the 
association with clinical status beyond that noted by To- 
minaga et al?5 and to eliminate the dependence on cate- 
gorical data identified by Rautaharju et al.4 

In considering agreement with clinical status, we 
note that Minnesota codes have been routinely used for 
evidence of new MI in population studies (usually any 
-new Minnesota Q code of 1-1 to 1-2 excluding 1-2-6 

and 1-2-8). The findings from our study partially dis- 
agree with the wisdom of this approach. These results 
suggest that new Minnesota codes 1-1-1, 1-1-2 and 1-1- 
6 (major Q codes in V; through Vs) and 1-1-3 (major Q 
codes in leads I, aVL and Ve) should not be routinely 
used for annual ECG evidence of new MI unless ECG 
waveforms are compared directly. Further, a new 1-2-6 
appears to have little relation with clinical MI even with 
serial change comparison. Nevertheless, the fact that 
some patients have a major Minnesota Q code but no 
‘increased coronary heart disease mortality risk is impor- 
‘tant to note. It suggests that some major Q codes reflect 
hysiologic damage, whereas others reflect physiologic 









1 Q-code category occurred in 7 of 104 pa- 







tter would not be expected to carry ex- 









TABLE IV Relation Between Major Serial Q-Wave Pattern: 
Change and No Major Serial Q-Wave Pattern Change Among — 
Multiple Risk Factor Intervention Trial Men With and Without ` 
Clinical Myocardial Infarction for Specific Q-Code Findings 
















Clinical MI Present Clinical MI Absent 








Minnesota 

Q-Code Major No Major Major No Major 

Change from Serial Serial Serial Serial 

1-3 or 1-0 Q-wave Q-wave Q-wave Q-wave ab 
Baseline Change* Changet Total Change Change Total 






















Lead group 


























1, aVL, Ve ; 
Change to a 
1-1-1 20 1 21 7 1 go 
1-1-3 4 4 8 3 18 21 
1-2-1 15 (è) 15 11 3 4 
1-2-2 1 0 1 0 0 Oo 
Total 40 5 45 21 22 430) 
Lead group 
H, IH, avF 
Change to 
1-1-1 11 1 12 4 Q 
1-1-4 5 1 6 4 2 
1-1-5 2 0 2 1 ie) 
1-2-1 29 1 30 16 0 
1-2-2 1 0 1 1 1 
1-2-3 2 1 2 7 3 
1-2-4 8 2 10 13 5 
1-2-5 o 6] 0 o 1 
1-2-6 4 3 7 27 78 
Total 62 9 71 73 90 À 
Lead group Eo 
Vi-V5 E 
Change to 2 
1-1-1 21 o 21 6 9 is. 
1-1-2 2 7 9 3 51 54) 
116 36 o 36 32 22 54 | 
1-1-7 12 0 12 5 0 By 
1-2-1 o Q 0 3 0 3 
1-2-7 9 0 9 17 0 Wy 
Total 80 7 87 66 82 148 
* See Table lii for definition of major serial Q-wave change; t see Table Hl for definition | 
of no major serial Q-wave change. 








cess tisk. In contradistinction, serial Q-wave pattern 
change reflects more reliably physiologic damage. : 
In our study, the prognostic significance of change in 
major Minnesota Q code, not confirmed by direct wave- 
form comparison, adjusted for major risk factors, was — 
not associated with an increased coronary heart disease 
mortality rate, whereas major serial Q-wave pattern 
change was associated with an increased rate. Major 
serial Q-wave pattern change also identified men with 
silent MI who had prognostic outcomes equivalent: to 
men with documented clinical MI. The Framingham 
study also documented that coronary heart disease môr- 
tality was as prognostically important in men with silent: | 
MI as in those with recognized MI.” ee 
This study identified 3 important findings related to 
the direct ECG comparison procedure. First, this proce- 
dure resulted in ECG findings that corresponded more 
closely to the clinical status and to the prognostic out- 
come (Table II, Figures 3 and 4). Second, the Cox pro- 
portional hazard regression analysis confirmed that ma 
Q-wave pattern change was a statistical 


jor serial C ge wa 
“nificant predictor of coronary heart disease mo: 
















e major risk factors of age, serum 






‘olesterol, diastolic blood pressure and cigarette smok- 
-ing status. Third, the other 4 Q-code classes (no Minne- 
` sota Q code ever, no minor serial Q-wave pattern 
_ change, no major serial Q-wave pattern change and mi- 
_ hor serial Q-wave pattern change) were not significantly 
different from each other in prognostic associations, nor 
did they show any significant independent association 
with coronary heart disease mortality. 
-23 Based on the findings described in the previous para- 
-= graph and considering that the direct ECG comparison 
- procedure is objective and standardized for research ap- 
plications, we recommend this procedure in studies in 
“which etiologic linkage to risk factors or other findings 
is important, because it will substantially reduce false 
` positive events and lessen the likelihood of attenuated 
associations. 

The primary objective of this study was to document 
the impact of using an objective direct ECG waveform 
comparison procedure in identifying new interim MI in 
population studies or clinical trials. Our results indicate 
_ that this procedure, in current use in several studies,27.28 
- results in better agreement between ECG diagnosis of 
MI and clinically determined MI status, and is related 
to future coronary heart disease mortality. Although 
this study focused on comparing Q codes for serial Q- 
wave pattern change, this procedure also includes pro- 
posed rules for direct comparison of ECGs prompted by 
ST-depression change, T-wave inversion change, new 
left ventricular hypertrophy, new ECG left bundle 
branch block and new ST elevation. Further studies will 
investigate how these ECG findings are affected using 
direct ECG waveform comparison. 
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APPENDIX A 
Minnesota Code Q and QS Patterns 










(Do not code in the presence of WPW code 6-4-1 .) To qualify as 
a Q wave, the deflection should be at least 0.1 mV (1 mm in 
amplitude). 


Anterolateral site (leads I, aVL, Ve) 

1-1-1 Q/R amplitude ratio >1/3, plus Q duration 20.03 s in 
lead I or V¢. 

Q duration =0.04 s in lead I or Ve 

Q duration 20.04 s, plus R amplitude =3 mm in lead 
aVL. 

Q/R amplitude rate =1/3, plus Q duration 20.02 s and 
<0.03 s in lead I or Vę. 

Q duration 20.03 s and <0.04 s in lead I or Ve. 

QS pattern in lead I. Do not code in the presence of 7-1-1. 
Initial R amplitude decreasing to <2 mm in every beat 
(and absence of codes 3-2, 7-1-1, 7-2-1 or 7-3) between 
Vs and V6. (All beats in lead V; must have an initial R>2 
mm.) 
Q/R amplitude ratio 21/5 and <1/3, plus Q duration © 
>0.02s and <0.03s in lead J or Vg ooo ooge 
-Qduration 20.03s and <0.04s, 
<in lead aVL. a 





















(inferior) site (leads H, H, aVF) 

Q/R amplitude ratio 21/3, plus Q duration 20.03 s in 

dead I. 

2 Q duration 20.04 s in lead H. 

-1-4 Q duration 20.05 s in lead III, plus a Q-wave amplitude 

>1.0 mm in the majority of beats in lead aVF. 

Q duration 20.05 s in lead aVF. 

Q/R amplitude ratio 21/3, plus Q duration 2.0.02 s and 

<0.03 s in lead II. 

1-2-2 Q duration 20.03 s and <0.04 s in lead H. 

1-2-3 QS pattern in lead II. Do not code in the presence of 7-1- 
l 


1-2-4 Q duration 20.04 s and <0.05 s in lead III, plus a Q wave 
21.0- mm amplitude in the majority of beats in aVF. 

1-2-5 Q duration 20.04 s and <0.05 s in lead aVF. 

1-2-6 Q amplitude 25.0 mm in lead IH or VF. 

1-3-1} Q/R amplitude ratio 21/5 and <1 /3, plus Q duration 

: 20.02 s and <0.03 s in lead II. 

Q duration 20.03 s and <0.04 s in lead IHI, plus a Q-wave 

21.0- mm amplitude in the majority of beats in lead 

aVF. 

Q duration 

QS pattern in each of leads IHI and aVF. 

the presence of 7-1-1.) 


20.03 s and <0.04 s in lead aVF. 
(Do not code in 


Anterior site (leads Vis V2; V3, Va; Vs) 

1-1-1 Q/R amplitude ratio 21 /3 plus Q duration 
20.03 s in any of leads V2, V3, Va, Vs. 

Q duration 20.04 s in any of leads Vi, V2, V3, V4, Vs- 
QS pattern when initial R wave is present in adjacent 
lead to the right on the chest, in any of leads Va, V3, Va, 
Vs, Ve- 

QS pattern in all of leads V, through V4 or V; through 


Vs. 

Q/R amplitude ratio 21/3, plus Q duration 20.02 s and 
<0.03 s, in any of leads V2, V3, Va, Vs. 

Q duration =0.03 s and <0.04 s in any of leads V2, V3, 
Va, Vs. 

QS pattern in all of leads Vj, V; and V3. (Do not code in 
the presence of 7-1-1.) 

Initial R amplitude decreasing to £2.0 mm in every beat 
(and absence of codes 3-2, 7-1-1, 7-2-1 or 7-3) between 
any of leads V} and V3, V;,and V4, and V4 and Vs. 
(All beats in the lead immediately to the right on the 
chest must have an initial R >2 mm.) 

1-3-1 Q/R amplitude ratio 21/5 and <1/3 plus Q duration 
20.02 s and <0.03 s in any of leads V2, V3, Va. Vs. 
QS pattern in lead V; and V2. (Do not code in the pres- 
ence of 3-1 or 7-1-1.) 


1-2-7 


1-2-8 


1-3-2 


APPENDIX B 
Rules for Direct Electrocardiographic Waveform Com- 
parison of New Minnesota Q Codes 


Event Electrocardiogram Minnesota Q-Code 

Comparison Rule for Determining Significant Electro- 

cardiographic Waveform Change 

1-1-1 Requires >50% increase in event Q/R ratio or >| mm 
initial R-wave amplitude decrease in event ECG com- 

<>. |. pared with corresponding lead(s) of baseline ECG. 





1-1-2 Requires >50% increase in event ECG Q/R rati 
































































S15 mm initial R-wave amplitude decrease in 
ECG compared with corresponding lead(s) of basel 
ECG. : 


Requires >75% increase in event ECG Q/R ratio or >1 
mm initial R-wave amplitude decrease in event ECG 


line ECG. ; 
1-1-7 Requires >1 mm decrease in event ECG initial R-way 
amplitude compared with corresponding lead(s) of base- 
line ECG. ae 
1-2-1 Requires >50% increase in event ECG Q/R ratio or >1- 
mm initial R-wave amplitude decrease in event ECC 
compared with corresponding lead(s) of baseline ECG 
1-2-2 Requires >50% increase in event ECG Q/R ratio or >I 
mm initial R-wave amplitude decrease in event ECG 
compared with corresponding lead(s) of baseline ECC 
1-2-3 Requires >t mm decrease in event ECG initial R-wa' 
amplitude compared with corresponding lead(s) of base- 
line ECG. = 
1-2-4 Requires >50% increase in event ECG Q/R ratio or > 
mm initial R-wave amplitude decrease in event ECG 
compared with corresponding lead(s) of baseline ECG 
1-2-5 Requires >50% increase in event ECG Q /Rratio or >1 
mm initial R-wave amplitude decrease in event ECG 
compared with corresponding jead(s) of baseline ECG. 
1-2-6 Requires >75% increase in event ECG Q/R ratio plus 
the appearance of a codable and new Q wave inaVFOR 
>1 mm initial R-wave amplitude decrease in event ECG. 
plus the appearance of a new codable Q wave in aVF 
compared with corresponding lead(s) of baseline ECG. 
Requires >1 mm decrease in event ECG initial R-wave 
amplitude compared with corresponding lead(s) of base- 
line ECG. 
Requires >1 mm decrease in event ECG initial R-wave 
amplitude in the “lead to the left” compared with corre 
sponding lead(s) of baseline ECG. 
Requires >50% increase in event ECG Q/R ratio or >1 
mm initial R-wave amplitude decrease in event ECG 
compared with corresponding lead(s) of baseline ECG 
1-3-2 Requires >1 mm decrease in event ECG initial R-way 
amplitude compared with corresponding lead(s) of base- 
line ECG. me 
Requires >50% increase in event ECG Q/R ratio or > 1 
mm initial R-wave amplitude decrease in event ECG 
compared with corresponding lead(s) of baseline ECG. 
Requires >50% increase in event ECG Q/R ratio or > 1 
mm initial R-wave amplitude decrease in event ECG: 
compared with corresponding lead(s) of baseline ECG. 
Requires >50% increase in event ECG Q/R ratio or > 1° 
mm initial R-wave amplitude decrease in event ECG 
compared with corresponding lead(s) of baseline ECG, 
Requires >1 mm decrease in event ECG initial R-wave. 
amplitude compared with corresponding lead(s) of base- 
line ECG. oS 
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1-2-8 


1-3-3 


1-3-4 


1-3-5 


1-3-6 











_ Comparison by Quantitative Angiogra, 

_ Assessment of Coronary Stenoses of One 

: Showing the Severest Narrowing to 
Two Orthogonal Views 


Jacques Lesperance, MD, Gilles Hudon, MD, Carl W. White, MD, Jean Laurier, MScA, 
and David Waters, MD 





-Quantitative coronary arteriographic measure- 
:ments were compared in 2 orthogonal views with 
_ the view that clearly showed the stenosis at its 
_ most severe in 147 lesions from 147 patients be- 

- fore, immediately after and 6 months after PTCA. 
In 21 of 147 patients (14%), 2 views could not be 
measured for technical reasons, even though all 
angiographers had tried to film 2 views. Lesion se- 
=- verity was slightly worse for 1 compared with 2 

-= Wiews (3.3 + 3.3% before PTCA, 3.6 + 3.8% after 

PTCA and 3.1 + 3.8% at follow-up). Similarly, 
_ minimal diameter was less for 1 view (0.11 + 0.09 
mm before PTCA, 0.15 + 0.12 mm after PTCA 
-and 0.13 + 0.09 mm at 6 months). When this sys- 
_ tematic difference was taken into account, the 2 

methods were within + 0.1 mm for minimal diame- 
-ter in 288 of 376 measurements (77%) and within 
+ 0.2 mm in 96%. For percent diameter stenosis 
_the 2 methods were within + 5% in 90% and with- 
in + 10% in all but 2.7% (10 of 376). Thus, for 
_ routine clinical assessment, measurement of 1 view 
_ is adequate; for research purposes orthogonal 
_. views may sometimes be required. 

; (Am J Cardiol 1989;64:462-465) 
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important component of clinical decision-making 

in cardiology. However, visual interpretation, 
even when done by experts, is associated with a high 
degree of inter- and intraobserver variability.!-3 Most of 
the studies that form the basis for current clinical prac- 
tice used only visual interpretation. Computerized quan- 
titative measurement techniques greatly improve accu- 
racy and greatly reduce variability.4® These methods 
however often are laborious and time-consuming, par- 
ticularly if 22 views of each stenosis are measured. This 
study compares the accuracy of quantitative coronary 
arteriographic measurements of 1 view (that which 
clearly showed the stenosis at its most severe) to 2 or- 
thogonal views. All measurements were made using 
identical quantitative methodology. 


METHODS 


The study population consisted of 147 consecutive 
patients who underwent successful coronary angioplasty 
in a randomized, placebo-controlled, multicenter reste- 
nosis-prevention trial.? All patients had coronary arteri- 
ography immediately before and after percutaneous 
transluminal coronary angioplasty (PTCA) and at 6- 
month follow-up, unless required earlier due to recur- 
rent symptoms. Although multivessel angioplasty was 
performed in some, each patient had a primary PTCA 
lesion designated at the time of the procedure. Angiog- 
raphers attempted to film the designated lesions in or- 
thogonal views before and after PTCA and at the fol- 
low-up study. Of the 147 lesions studied, 77 were in the 
left anterior descending, 42 in the right coronary and 28 
in the circumflex regions. 


Ts interpretation of coronary arteriograms is an 













correction is made for pincushion distortion. The region 

interest is magnified and the user selects primary 
centerline points in the arterial segment to be analyzed. 
An automatic edge detection program determines the 
arterial contour by assessing brightness along scan lines 
perpendicular to the centerline. A software smoothing 
procedure is then applied to the contours and arterial 
diameter, in mm, is displayed for the length of the seg- 
ment analyzed. The normal diameter of the arterial seg- 
ment is determined either at a user-indicated reference 
position or as a computer-estimated interpolated diame- 
ter. For both minimal diameter and percent stenosis di- 
ameter, the average of the 2 orthogonal views was cal- 
culated and compared with 1 view. 

The reproducibility of repeated measurements from 
the same film using this methodology is excellent.!° We 
measured 77 lesions twice from the same cine frame. 
The mean stenosis diameter was 1.6 mm and the stan- 
dard deviation for the difference between repeat mea- 
surements was 0.12 mm. The mean percent diameter 
stenosis was 48.7% and the standard deviation for re- 


FIGURE 1. Quantitative analysis of a left anterior descending 
coronary stenosis in the left superior oblique view (A). The 
minimal diameter is 0.78 mm and the stenosis diameter is 
66%: In the right inferior oblique view (B), the minimal diame- 
ter is 1.34 mm and the stenosis diameter is only 40%. The 
average of 2 orthogonal views yields a stenosis diameter of 
53% compared with 66% in the worst view. Two views could 
be measured for this type of lesion. © f 





peat measurements was 3.3%. We also measured 75 le- 
sions twice using a different frame from the same view. — 
The standard deviations for the differences between the 
measurements were 0.16 mm for stenosis diameter and 


5.4% for percent diameter stenosis. 


RESULTS 

An example of orthogonal views yielding a result dif- 
ferent from the measurements of the worst view iS... 
shown in Figure 1. Stenosis diameter was 66% in the- 
worst view but only 40% in the other view. Such dis- 
crepancies were rarely found. Figure 2 shows a stenosis 
in which the worst view and the orthogonal views gave 
similar results. Overall, even though all angiographers 
had tried to film orthogonal views, these could not be 
measured for technical reasons in 21 of 147 patients 
(14%). 

As listed in Table I, minimal diameter measure- 
ments were slightly lower in the worst view compared 
with the orthogonal views. The mean differences were 
0.11 + 0.09 mm before PTCA, 0.15 + 0.12 mm after 
PTCA and 0.13 + 0.09 mm at the follow-up study. For 
percent diameter stenosis, the mean differences were 3.3 


P = 

FIGURE 2. Quantitative analysis of a right coronary artery 
stenosis in the left anterior oblique view (A). The minimal di- a 
ameter is 0.92 mm and the stenosis diameter is 73%. In the ; 
right anterior oblique view (B), the minimal diameter is 1.09 
mm and the stenosis diameter is 68%. This small degree of 
variability was typical of the stenoses measured in this study. 
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FIGURE 3. Least square fit linear regression for 2 views ver- 
of all lesions in angiography 
_ before PTCA (A), after PTCA (B) and at 6-month 


follow-up 
(C). By definition, there is always a systematic 
stimati 


slight over- 




























Worst Orthogonal . 
View Views Difference 
Minimal diameter (mm) 
Before PTCA 0.95+0.34 1.074036 0.114009 
After PTCA 1914035 2.064035 0154012 
Follow-up 1634053 1.824054 013+40,09 
Stenosis diameter (%) 
Before PTCA 7149 689 3.3433 
After PTCA 4049 3749 36 +38 
Follow-up 47417 44 +16 3.1 +38 
PTCA = percutaneous transluminal coronary angioplasty. 






+ 3.3% before PTCA, 3.6 + 3.8% after PTCA and 3.1 
+ 3.8% at follow-up. 

Measurements in 1 and 2 views were compared after 
subtracting the mean differences from the values for 2 
views; this allowed a prediction of the 2-view average 
diameter from the l-view measurement. For minimal 
diameter the results for all lesions were then within + 
0.1 mm for 288 of 376 (77%) measurements and within 
+ 0.2 mm in 96%. For stenosis diameter, 90% of mea- 
surements were within + 5% and 97.3% within + 10%. 
Results were similar for the studies before PTCA, after 
PTCA and at follow-up. 

The least square line comparing minimal diameter 
measurements in | and 2 views is shown in Figure 3 for 
the angiograms performed before PTCA, after PTCA 
and at follow-up. The correlation is excellent, with r val- 
ues of 0.96, 0.95 and 0.99, respectively. 


DISCUSSION 

The results of this study indicate that quantitative 
coronary arteriographic measurements in the view that 
shows the stenosis at its most severe differ only slightly. 
from measurements in 2 orthogonal views, The diame- 
ter stenosis was a mean of 3 to 4% less and the minimal 
diameter a mean of 0.10 to 0.15 mm more with orthog- 
onal views compared with 1 view. The correlation be- 
tween | and 2 views was excellent, with r ranging from 
0.95 to 0.99. 

Our findings are compatible with the results of pre- 
vious studies. Rosenberg et al,’ using the edge-detection 
method of Mancini et alë on digital images in 20 seg- 
ments, obtained a correlation coefficient of 0.76 be- 
tween their data and postmortem studies, The analysis 
was performed in a single plane showing the most severe 
stenosis. The quantitative angiographic analysis overes- 
timated the minimal diameter and underestimated the 
maximal diameter of the stenoses compared with the 
pathologic studies. In 6 stenoses subjected to a biplane 
orthogonal analysis, the correlation coefficient com- 
pared with pathologic data was 0.70. Therefore, the sec- 
ond view did not improve the correlation with patholog- 
ic data. 










sf 13 patients with 
o significant differences in the measurements 


een the view showing the most severe stenosis and 
e mean of the 2 orthogonal views; the actual differ- 
ences in measurements were not reported. 

Marcus et al!2 recommended the use of orthogonal 
views, but recognized that even such views are not com- 
pletely adequate for complex eccentric lesions. In most 
instances, the 2 projections that are filmed do not pre- 
cisely correspond to the views showing the stenosis at its 
most severe and at its least severe. Orthogonal projec- 
tions, in fact, usually represent a hybrid view located 
more or less between maximal and minimal stenosis se- 
verity. Slit-like, eccentric lesions often are responsible 
for large discrepancies between the 2 orthogonal views; 

“fortunately, these types of lesions are infrequent 
(<10%). Oval lesions usually are found in high grade 
stenoses (that is, <2 mm?), and thus there is less chance 
of error in the measurement of severe lesions. 

According to Brown et al,‘ it is sometimes difficult 
to obtain high quality orthogonal views that can be used 
for quantitative analysis even though they are theoreti- 
cally desirable to improve the accuracy of measure- 
ments. This can be due to poor recording quality in 1 
view or the other, overlapping of branches or foreshort- 
ening of the coronary artery. These investigators found 
that high quality orthogonal views could not be obtained 
in 30 to 40% of the patients. More recently, Dehmer et 
al!3 reported that good orthogonal views were not possi- 
ble in 50% of their 103 patients. In our study, orthogo- 
nal projections could not be measured in 14% of the 
lesions, even though all angiographers had attempted to 
film them. 

According to Serruys et al,!4 the most useful criteri- 
on of stenosis severity is the luminal area in mm?. They 
compared the area calculated by the geometric method 
using the view showing the most severe stenosis with the 
area measured by densitometry. The mean difference 
was 2.3 + 5% before coronary angioplasty and 2.8 + 
18% after it. The larger standard deviation after angio- 
plasty suggested a greater degree of eccentricity than 
before the procedure. These investigators therefore rec- 
ommend densitometry or at least orthogonal views to 
better determine stenotic areas, particularly after coro- 
nary angioplasty. Our data show that the correlation 
between 1 and 2 views is almost as good for the mea- 

= surements after PTCA (r = 0.95) as for those before 

“PTCA (r = 0.96), and the systematic underestimation 
of minimal diameter in the most severe view is only 
slightly greater (0.15 + 0.12 vs 0.11 + 0.09 mm). In 


orthogonal views and 


pe 7 ! 
technique is disappointing and un eliable. 


In conclusion, measurements in 1 view will 
always be adequate for routine clinical. assessment 
Measurements in 2 views should be performed for t 
occasional stenosis in which the severity appears obvi: 
ously different in different views. When great precisio 
is required for research purposes, orthogonal view: 
could be measured. Quantitative methods represent a 
important advance in the interpretation of coronary 
arteriograms. 
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This study describes a simplified approach for the 
interpretation of electrocardiographic and thallium- 
201 imaging data derived from the same patient 
during exercise. The 383 patients in this study had 
also undergone selective coronary arteriography 
within 3 months of the exercise test. This matrix 
approach allows for multiple test outcomes (both 
tests positive, both negative, 1 test positive and 1 
negative) and multiple disease states (no coronary 
artery disease vs 1-vessel vs multivessel coronary 
~- - -artery disease). Because this approach analyzes 
the results of 2 test outcomes simultaneously rath- 
-er than serially, it also negates the lack of test inde- 
pendence, if such an effect is present. It is also 

_ demonstrated that ST-segment depression on the 
electrocardiogram and defects on initial thallium- 
201 images provide conditionally independent in- 
formation regarding the presence of coronary ar- 
tery disease in patients without prior myocardial in- 
< farction. In contrast, ST-segment depression on the 
_ electrocardiogram and redistribution on the delayed 

< thallium-201 images may not provide totally inde- 
pendent information regarding the presence of ex- 
_ ercise-induced ischemia in patients with or without 
“myocardial infarction. 
(Am J Cardiol 1989;64:466-470) 
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noses. Instead, they provide information regard- 

ing the probability of disease. Several mathe- 
matic formulations have been used to determine proba- 
bility of disease based on results of 21 tests. Some of 
the methods include logistic regression analysis,!? dis- 
criminant function analysis? and Bayesian analysis.+ 16 
Of these, the latter has achieved the widest clinical ac- 
ceptance. 

The conventional application of Bayes theorem uses 
the sensitivity and specificity of a test to provide the 
posttest probability of a disease. Although this approach 
can also provide information regarding the probability 
of multiple disease states (no disease, mild disease or 
severe disease) based on the results of a test, this infor- 
mation is not formulated in a simple manner for daily 
clinical use. Similarly, although multiple test outcomes 
(negative, equivocal, borderline positive or definitely 
positive) can be used to determine the probability of dis- 
ease using Bayesian analysis, the approach is involved 
and complicated.®!6 Finally, when >1 test is used, the 
posttest probability of disease derived from 1 test is used 
in Bayesian analysis as the pretest probability for the 
next test.*-!5 This serial use of information from differ- 
ent tests assumes that the tests being used are condition- 
ally independent,581012 which may not necessarily be 
true. For example, during exercise, both ST-segment 
depression on the electrocardiogram and redistribution 
on the delayed thallium-201 images reflect myocardial 
ischemia. These 2 tests may, therefore, not provide inde- 
pendent information regarding the presence of exercise- 
induced ischemia, in which case the serial application of 
Bayes theorem could miscalculate the probability of 
coronary artery disease (CAD). 

Although other statistical approaches, such as logis- 
tic regression and discriminant function analyses, can 
overcome the theoretic limitations of test indepen- 
dence,'~} their complexity makes them difficult to im- 
plement routinely in the clinical setting. This study de- 
scribes a simple approach that allows determination of 
the probability of multiple disease states based on multi- 
ple test outcomes, which is not influenced by potential 
test dependence when multiple tests are used. We have. 
used the exercise thallium-201 stress test to test this ap- 
proach. et 


D lagnostic tests rarely provide unequivocal diag- 
















Patient population: Our population consisted of 383 
onsecutive patients with chest pain evaluated at the 
University of Virginia Medical Center between 1978 
and 1981. All patients had simultaneous exercise elec- 
trocardiography and thallium-201 imaging. These pa- 
tients also had cardiac catheterization within 3 months 
of the tests. There were 57 women (15%) and 326 men 
(85%) with a mean + 1 standard deviation age of 58 + 
10 years. One hundred seventy-four patients had a doc- 
umented prior myocardial infarction. 

Exercise electrocardiogram: All patients underwent 
symptom-limited exercise testing. The electrocardio- 
gram was recorded at rest, at each minute of exercise 
and at 1, 2, 3 and 5 minutes after exercise. A positive 
exercise electrocardiogram result was defined as that 
“showing a normal ST segment at rest and either 21 
mm of downsloping or horizontal, or 22 mm of upslop- 
ing ST-segment depression 0.08 ms after the J point.” 
The outcome of an exercise electrocardiogram was also 
considered positive if ST-segment abnormalities present 
at rest (in the absence of left bundle branch block, left 
ventricular hypertrophy and digitalis therapy) increased 
by 22 mm during exercise. Any test not meeting crite- 
tia for a test with positive result was considered to be a 
test with negative result. Thus, no electrocardiograms 
were interpreted as nondiagnostic or equivocal. 

Thallium-201 imaging: Patients were injected with 
2.0 mCi of thallium-201 at peak exercise and were en- 
couraged to exercise an additional 30 to 60 seconds. The 
‘initial images were obtained 5 minutes after termination 
of exercise in 3 views (anterior, 45° left anterior oblique 
and 70° left anterior oblique). The delayed images were 
obtained 2 to 3 hours later in the same views. Seven 
myocardial segments were analyzed for initial defects 
and redistribution using a previously described quantita- 
tive method.!® Thallium-201 activity in a myocardial 
segment in the initial view was considered abnormal if it 
was decreased by >25% compared with the segment 
showing the most activity in that view. The only excep- 
tion was the inferior segment, in which a >35% reduc- 
tion in activity was required.'® Redistribution was con- 
sidered to be present if the ratio of activity in a segment 
with reduced uptake versus that with the greatest count 
„activity was greater in the delayed compared with the 
- jnitial image.!® 

Coronary angiography: A single, blinded, experi- 
enced angiographer interpreted the coronary angio- 
grams as documenting significant CAD when these 
showed > 50% luminal diameter narrowing of 21 of the 
3 major coronary arteries or their major branches. The 
major branches were the major diagonal branch of the 
left anterior descending coronary artery, the obtuse 
marginal branch of the left circumflex coronary artery 
and the posterior descending artery. Patients were clas- 
sified as having no CAD, 1-vessel CAD or multivessel 
CAD depending on the degree of involvement of the 3 
major coronary arteries or their major branches. 
stical analysis: For analysis of test indepen- 

patient population was divided into 2 groups 


TABLE! Chi-Square of Fisher Exact Test for Test oe 
Independence 





Initial Defect Versus ST-Segment Depression in 209 Patients Without © 
Prior Myocardial infarction : 


With CAD Without CAD 


No ID 


1D No ID iD 





ST} 70 7 ST} 8 11 
No ST} 43 ll No ST} 24 35 
p value = 0.08 p value = 1.0 
Redistribution Versus ST-Segment Depression in 383 Patients with 
and Without Prior Myocardial Infarction 
With CAD Without CAD 


Red No Red Red No Red 





ST} 121 42 ST} 1 20 
No ST} 76 51 No ST} 16 56 
p value = 0.01 p value = 0.10 — 





1D = initial defect on exercise thallium-201 imaging; Red = redistribution on exer 
cise thallium-201 imaging: ST} = ST depression on exercise electrocardiography. ; 





(all patients and patients without a prior infarction). 
Because the presence of a prior infarction almost invari- 
ably implies the presence of CAD, independence of the 
2 tests for the detection of CAD was tested using initial 
defects versus ST-segment depression in patients wit 
out a prior infarction. Independence of the 2 tests fc 
the presence of ischemia was tested using redistribution 
versus ST-segment depression in all patients (including. 
those with a prior infarction). To test for conditional 
independence, either the chi-square test (2-sided) or the 
Fisher exact test (2-sided) was used separately inp 
tients with and without CAD. In patients in whom co 
ditional dependence between the 2 tests was demon- 
strated, the degree of dependence was estimated usinga. 
probability correction factor whose derivation is pre- 
sented in the Appendix. Errors in the determination of 
the probability of disease due to test dependence dimin- 
ish as the probability correction factor approaches 1. 


RESULTS 

Initial defects versus ST-segment depression for 
the detection of coronary artery disease in patients 
without prior myocardial infarction: In the 209 patients 
without a prior myocardial infarction, 78 had no CAD. 
on coronary angiography, 37 had i-vessel CAD and 94. 
had multivessel CAD. The sensitivity and specificity of 
initial thallium defects were 86 and 59%, respectively, 
whereas those of ST-segment depression were 59 and. 
76%, respectively. Chi-square analysis or the Fisher ex- 
act test revealed that initial defects and ST-segment de-. 
pression provided independent information regarding 
the presence or absence of CAD (Table I). The p values 
using these tests were 0.08 for patients with CAD and 
1.0 for patients without CAD. : 

Redistribution versus ST-segment depression for. 
the presence of ischemia: In the 383 patients with and. 
without prior myocardial infarction, 93 had no CAD o 
coronary angiography, 72 had 1-vessel CAD and 
had multivessel CAD. The prevalence of redistrib’ 











Segment Depression Versus Redistribution in 
| 290 Patients With Coronary Artery Disease With and Without 
| Prior Myocardial infarction 
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| Red = redistribution on exercise thallium-201 imaging; ST} = ST-depression on 
“|, exercise electrocardiography. 





































































was 68% in patients with CAD and 18% in patients 
-without CAD. In comparison, ST-segment depression 
was noted in 62% of patients with CAD and in 22% of 
-patients without CAD. Chi-square analysis or the Fish- 
er exact test revealed that these 2 tests provided border- 
line dependent information regarding the presence of 
ischemia (Table I). The p value in patients with CAD 
was highly significant (0.01) whereas that in patients 
without CAD was of borderline significance (0.10), sug- 
-gesting lack of conditional independence between the 2 
tests. 

Table IT lists the presence of ST-segment depression 
and redistribution in the 290 patients with CAD who 
_ either had or did not have a prior infarction. The pa- 
-tients had been classified as having either 1-vessel or 
- multivessel CAD. Also listed are the probability correc- 
tion factors for each category of test results. When the 
results of exercise electrocardiography and thallium-201 
imaging are discordant, the correction factor is <1, in- 
. dicating that the probability of CAD is overestimated if 
conditional independence is assumed. However, when 

the tests are concordant, the correction factor is >1, 
Suggesting that the probability of CAD is underestimat- 
ed if conditional independence is assumed. 

; Creation of a matrix that allows multiple disease 

_ States, multiple test outcomes and lack of test indepen- 
dence: Matrixes were created to allow multiple disease 
states, multiple test outcomes and possible lack of test 
independence (Tables I and IV). The columns in each 
~ matrix correspond to the disease state as determined by 
coronary angiography, which was used as the “gold 
_ Standard.” The rows correspond to the result of the 
thallium-201 and electrocardiogram tests. Because all 
possible test outcomes are included in the matrixes, the 
_ problem of test independence is negated. Cell values for 
the initial matrix (A in both Tables III and IV) were 
determined by the number of patients in each category. 
For example, the first cell is the number of patients with 
no CAD who had positive electrocardiogram and thalli- 
n-201 test results. The second matrix (B in both Ta- 
Jles II] and IV) was calculated by dividing each cell 
value in A by its column total (for example, 8/78 = 











0.10 ble IIIB). This matrix represents the proba 
bility of disease states given a particular combination o; 
tests based on our data. onder BRAN Ba 

Pretest probabilities for no CAD and CAD were ob- 
tained from published studies.56 The probability of 
CAD was then apportioned between 1-vessel CAD and 
multivessel CAD using a ratio derived from our data. 
The third matrix (C in both Tables IH and IV) was 
calculated by multiplying the cell values of matrix B by 
the corresponding pretest probability of disease. In both 
Tables III and IV, the pretest probabilities of 0.50, 0.15 
and 0.35 for no CAD, I-vessel CAD and multivessel 
CAD, respectively, refer to a 50-year-old man with 
atypical angina. Matrix C acts as intermediate matrix 
to derive the final matrix D, which represents the post- 
test probability of disease states. This final step required 
dividing the cell values of matrix C by the sum of their 
row, thus allowing normalization of the data in matrix 
C and representing them as probabilities. In the exam- 
ple of the 50-year-old man alluded to before, the post- 
test probability of multivessel CAD when the results of 
both tests are positive is 0.68, whereas that of 1-vessel 
CAD if the electrocardiogram result is negative and the 
thallium-201 result is positive is 0.19. Similar matrixes, 
or parts of matrixes (rows only) can be created for any 
possible scenario. 













DISCUSSION 

In the present study we present a simple approach 
for determining multiple disease states using multiple 
tests with multiple outcomes and allowing for possible 
lack of test independence using concepts originally put 
forth by Bayes. We derived this information based on 
the distribution of CAD in our patient population and 
on the likelihood of disease based on age and gender 
which was derived from published studies.>¢ 

Test independence: When several tests are per- 
formed to diagnose a disease, the Bayes theorem is ap- 
plied by using the positive predictive value of 1 test as 
the pretest probability of disease for the next test.5-!4 
This approach, however, is valid only if the tests are 
conditionally independent.5-7.!2 For instance, consider a 
man with a 50% pretest probability of CAD who under- 
goes a stress electrocardiogram with a positive outcome, 
Assuming a sensitivity of 60% and a specificity of 80%, 
the posttest probability of CAD in this patient is 77%. If 
this same patient undergoes the same test again, the re- 
sult should again be positive, and using the Bayes theo- 
rem his newly calculated posttest probability of CAD is 
now 90%. Common sense dictates that the probability 
of CAD does not change by repeating the test. The mis- 
take in calculation was the serial application of the 
Bayes theorem for nonindependent tests. 

Our results demonstrate that, when initial defects 
and ST-segment depression were compared in patients 
without prior myocardial infarction, the information de- 
rived from these 2 tests was independent. These findings. 
are not unexpected. Initial defects on thallium images _ 
reflect inadequate coronary blood flow reserve without » 
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TABLE IV Matrix Formation Using ST-Segmen 
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Myocardial Infarction 





A. Original Data 


re ARS 


No. Diseased Vessels 


erence nce 


ST, Red O 1 >1 





B. Probability Matrix 


maamaa aeee 


No. Diseased Vessels. - 


ST) Red 0 





13 57 

1 6 

15 28 

8 3 

C. Probability Matrix Multiplied 
by Pretest Probabilities 


paaa 


No. Diseased Vessels 


0.10 
0.14 
0.31 
0.45 
D. Posttest 
Probabilities 


concernant CCC CGR, 


No. Diseased Vessels 


+ + 1 19 102 
+ — 20 9 33 
— + 16 24 52 
— — 56 20 31 
C. Probability Matrix Multiplied 

by Pretest Probabilities 


pnn 


No. Diseased Vessels 


0.011 
0.215 
0.172 
0.602 
D. Posttest 
Probabilities 


panaan tt ACCA 


+ + 
+ Sai 
— + 





1 >i ST} ID 0 1 


No. Diseased Vessels 


ST} Red O 1 





0.17 
0.05 
0.19 
0.12 


+ + 
210 + — 
615 1050 — + 
330 105 — — 


5.25 
0.45 


21.35 


0.55 
10.75 
8.60 5.00 
30.10 4.17 


+ + 
+ — 
— + 


3.96 
1.88 





1D = initial defect on exercise thallium-201 imaging, ST] = ST-segment depression 
on exercise electrocardiography. 


Red = redistribution on exercise thallium-201 imaging; ST] = ST-segment depres 
sion on exercise electrocardiography. 





necessarily implying the presence of ischemia, whereas 
ST-segment depression usually reflects ischemia. There- 
fore, these 2 parameters could provide independent in- 
formation, and for all practical purposes, the serial ap- 
plication of the Bayes theorem is valid. 

When redistribution and ST-segment depression 

-were compared in patients with and without prior myo- 
cardial infarction, the 2 tests provided information that 
may have been not totally independent. Whereas the p 
value for the chi-square analysis was 0.01 for the pa- 
tients with CAD, it was 0.10 for the patients without 
CAD. The latter value is of borderline significance, sug- 
gesting that the 2 tests did not provide conditionally in- 
dependent information. Had our patient population 
without CAD been larger, the p value in this subset of 
patients would have been significant (below the 5% lev- 
el). Because both ST-segment depression and redistri- 
bution reflect ischemia, these parameters may not pro- 
vide independent information and, therefore, it may not 
be entirely correct to use them serially for the detection 
of ischemia. 

The lack of independence between abnormal exer- 
cise electrocardiograms and abnormal thallium-201 im- 
‘ages has been previously demonstrated.!5 These investi- 
gators reported that, for the most part, the lack of inde- 
pendence did not seem to affect the results in a 
significant manner, which might be related to the fact 
that the degree of nonindependence between the 2 tests 
is small. However, these investigators based their obser- 
vations solely on the prevalence of initial defects and 
ST-segment depression; they did not examine the rela- 
tion between redistribution and ST-segment depression. 
The advantage of our matrix approach is that, because 
it simultaneously analyzes results of separate tests, the 


lack of test independence, were such an effect 


present, is negated. This approach would also apply to _ 
the interpretation of multiple tests performed to exam- 
ine other disease states in which the degree of depe: 
dence between tests might be greater. = 
Limitations: The cohort reported herein represents 
referral center population undergoing exercise thallium- 
201 stress test in conjunction with cardiac catheteriza- 
tion and might, therefore, represent a skewed popula- 
tion. We could have used debiasing techniques to the — 
data from this patient population, but, due to the com- 
plexity of such approaches, opted not to do so. Centers: 
with a different patient population can use our approach 
by constructing a matrix using their own data. : 
In this report, exercise electrocardiogram results 
were interpreted as either positive or negative and did 
not include a “nondiagnostic” category. This approach ` 
was adopted to facilitate comparison with thallium-201° 
results, and also provide a more practical clinical ap- 
proach. The risk of not allowing a nondiagnostic cate- 
gory would be reduction of test accuracy. However, | 
data reported herein yield an electrocardiogram sensi- 
tivity of 56% and a specificity of 77%, which are within 
commonly accepted values for this test.55.!6 Finally, the 
low specificity of initial defects on thallium-201 image: 
has been reported from other laboratories as well whe 
a fully automated computer approach without observer 
interaction is used.' This lower specificity is related in 
part to the skewed patient population, and in part to the | 
computer's inability to assess image artifacts. 
Conclusions: The probability matrix circumvents the 
lack of independence of multiple tests used to diagnose 
4 disease state if such an effect is present. It also alloy 
for multiple disease states and multiple test outcomes 
related to these disease states. We feel that this ap- 
proach offers both theoretic and practical advantages 





ntional application of he Bayes theorem 





_ We also feel t 
< proach may be more clinically relevant than either lo- 
_ gistic regression or discriminant function analyses. A 
study using this approach in a prospective patient popu- 
lation is required to determine its utility in patients sus- 
pected to have CAD. 


Acknowledgment: We would like to thank Dr. 
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APPENDIX 
Derivation of the Probability Correction Factor 

If any 2 events A and B have probability of occurrence 
[p(A) and p(B), respectively], and if A and B are independent, 
then the probability of A and B occurring simultaneously is: 
P(A X B) = p(A) X p(B) [equation 1]. 

However, if A and B are not independent, the probability of 
A and B occurring simultaneously is: p(A X B) = pt(A) X p(B) 
X C [equation 2], where C is the probability correction factor 
that must be included if A and B are not independent, and: C = 
P(A X B)/p(A) X p(B) [equation 3]. 

If p(A) and p(B) represent the probability of ST-segment 
depression and redistribution, respectively, among patients with 
CAD, C can be derived from equation 3 where the numerator is 
the fraction of patients with CAD who are found to have both 
abnormalities while the denominator is the fraction of patients 
with ST-segment depression (regardless of the thallium-201 test 
outcome) multiplied by the fraction of patients with redistribu- 
tion (regardless of the outcome of exercise electrocardiogra- 
phy). 





Clinical Course and Long-Term Prognosis of — 
Spontaneous Coronary Artery Dissection 


Samuel J. DeMaio, Jr, MD, Susan H. Kinsella, MD, and Mark E. Silverman, MD 


cn 
Spontaneous coronary artery dissection is rare. In 
comparison with the usual myocardial infarction 
population, it occurs in relatively young people with 
a striking predilection for women. Of 83 cases that 
have been described, 62 were diagnosed at autopsy 


and 21 were found antemortem. A series of 11 pa- 


tients with the antemortem diagnosis of spontane- 
ous coronary artery dissection is reported and 
follow-up is provided for 16 of the 21 previously 
reported cases. Of the 62 autopsy cases, 10 (16%) 
were men (mean age 47) and 52 (84%) were wom- 
en (mean age 40). Dissection of the left anterior de- 
scending coronary artery predominated in this 
group of patients, occurring in 80% of men and 
65% of women. Of the 32 cases diagnosed ante- 
mortem, 15 (47%) were men (mean age 46) and 
17 (53%) were women (mean age 38). Men were 
found to have dissection predominantly of the right 
coronary artery (73%). Women were found to have 
dissection predominantly of the left coronary artery 
< system (88%). The etiology of spontaneous coro- 
` nary artery dissection remains unclear. The 3 
groups that can be identified are those associated 
with atherosclerotic coronary artery disease, those 
in the postpartum period and those found to be id- 
iopathic. Of the 94 known cases, 69 (73%) oc- 
curred in women; 21 (31%) of these were associ- 
ated with the postpartum state. The prognosis of 
patients surviving the initial event is good, with an 
82% survival rate (follow-up: range 1.5 to 144 
months, mean 38). The indications for medical or 
surgical treatment are presented. Spontaneous cor- 
onary artery dissection should be considered in the 
differential diagnosis of any young person sustain- 
ing an acute myocardial infarction, especially 


~ women in the postpartum state. 


(Am J Cardiol 1989;64:47 1-474) 
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cause of myocardial infarction (Figure 1 

Eighty-three cases have been published in English 
language journals (62 found at autopsy and 21 diag- | 
nosed antemortem). The etiology, prognosis and treat 
ment of this entity remain ill-defined. We feel that fur 
ther understanding of spontaneous coronary artery dis: 
section is essential as this may be an important buto 
unrecognized cause of acute myocardial infarction in. 
young patients, especially in postpartum women. 


è eet coronary artery dissection is a rare 


METHODS oe 

English language studies were reviewed for the ante- 
mortem!~!6 and postmortem!7~?’ diagnosis of spontane- 
ous coronary artery dissection (Tables I and II). Investi- 
gators who reported antemortem findings were contact- 
ed by telephone, questionnaire or both to obtain patien 
follow-up. One hundred one Atlanta area cardiologist 
were surveyed in an attempt to find all local cases an 
follow-up. Of these 101 cardiologists, 7 cardiologist 
provided a total of 8 patients. Three additional patients 
were from our own patient population. Cardiac cathe- 
terization studies and hospital records were personally 
reviewed to confirm the diagnosis in all patients. Coro- 
nary artery dissection was defined by the presence of _ 
flow in 2 lumina separated by a radiolucent flap. All 
patients experienced myocardial infarction before cardi- | 
ac catheterization. Coronary artery dissection was 
found to be present in the infarct-related artery. 


RESULTS 
We found 11 Atlanta patients with the antemortem _ 
diagnosis of spontaneous coronary artery dissection 
made between October 1981 and January 1989 (Table _ 
HI). Five were men (mean age 42 years, range 18 to 
58) and 6 were women (mean age 43, range 31 to 58). 
Of the 5 men, 3 (60%) had spontaneous dissection of 
the left anterior descending artery without demonstra- 
ble atherosclerosis and 2 (40%) had spontaneous dissec- 
tion of the right coronary artery associated with athero- 
sclerotic coronary artery disease. All 6 women had 
spontaneous dissection of the left anterior descending- 
coronary artery and only 1, patient no. 10, had angio- 
graphic evidence of atherosclerotic coronary artery dis- 
ease, There was no apparent association of spontaneous- 
coronary artery disease with known coronary risk fac 
tors and the postpartum state was present in only 1 pa: 
tient. Patient no. 11 had intraoperative angioscopy ti 
confirm the diagnosis of spontaneous coronary artery — 
dissection. : 
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v and Follow-Up of Previously Reported Antemortem Cases with 
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tery, SCAD 
L 





Right + — warfarin 21/cäth; failed Vineberg 
Vineberg procedure 72/died 
22 26, F LAD (0) — nitrates, aspirin asymptomatic 
33 55,M Right + diabetes, tobacco medical 22/cath; normal arteries 
132/died pulmonary disease 
44 28, F LAD, LC 0 PP (3 weeks), tobacco medical — 
55 42, F LAD (0) (6) aspirin, dipyridamole, 1 /asymptomatic 
calcium antagonist 

6° 33, F LAD Q (0 medical 12/asymptomatic 

7 43, M Right + 0 — -= 

88 59,M Right + diabetes — _ 

99 60,M Right + diabetes — — 
108 32, F OM 0 PP (2 mos) warfarin, 8 blocker 18/angina 

LAD PP (4 mos) CABG 
119 28,M Right 0 — 0 72/asymptomatic 
129 54, M Right (6) — medical 144 /cath; normal vessels 
13? 46, F Right (0) PP (day 1) medical 36 /asymptomatic 
149 28, F LAD 0 PP (day 1) medical 48/died 
1510 50, F Right (0 migraine medical 7 / chest pain after migraine 
168 33, F LM, LC 0 PP (2 weeks), tobacco surgical clot extrusion 1.5/cath: normal 
15/treadmill negative 
1732 45,M LAD fe) — digoxin, diuretics unknown 
188 52,M Right + tobacco CABG 6/asymptomiatic 
1914 31,M Right 0 tobacco medical 12/treadmilt; negative 
20:5 42,F LM, LAD, LC 0 tobacco CABG operative death 
migraine 
2116 39, F LM 0 0 nitrates, 8 blocker 13/ETT: negative 
CABG 
ASCD = atherosclerotic coronary disease; CABG = coronary artery bypass grafting; Cath = cardiac catheterization: Echo = echocardiogram; ETT = exercise thallium test; LAD = 
left anterior descending coronary artery: LC = left circumflex coronary artery; LM = left main coronary artery: 
= spontaneous coronary artery dissection; SLE = systemic lupus erythematosus. 


OM = obtuse marginal: PP = post partum; Right = right coronary ar- | 































Follow-up (Table IH) showed that the 5 men were 
treated medically (mean follow-up 31 months, range 2 
- to 48); 4 were asymptomatic and 1 had mild exertional 
angina. 

Sixty-two previously reported cases of spontaneous 
coronary artery dissection had been diagnosed postmor- 
tem (Table IH). Ten (16%) were men (mean age 47, 
range 21 to 63) and 52 (84%) were women (mean age 
40, range 17 to 69). Twenty-one previously reported 


tion remains unclear. W 


cases of spontaneous coronary artery dissection had 
been diagnosed antemortem; | patient had 2 separate 
events (Table I). 

Follow-up was obtained for 16 of the 21 patients by 
corresponding with the reporting physicians. The mean 
follow-up period was 41 months, with a range from 1.5 
to 144 (Table I). 


DISCUSSION 

Coronary artery dissection can occur as a conse- 
quence of aortic dissection, blunt chest trauma, coro- 
nary artery bypass grafting, cardiac catheterization or 
coronary angioplasty, or spontaneously. 

Eighty-three cases of spontaneous coronary artery 
dissection have been published in English language 
journals. Including the 11 patients in our series, 32 
cases have now been reported with the diagnosis of 
spontaneous coronary artery dissection made antemor- 
tem. Of these 32 cases, 15 were men (mean age 46, 
range 18 to 58) and 17 were women (mean age 38, 
range 26 to 58). Men were found to have dissection of 
the right coronary artery in 73% and of the left anterior 
descending coronary artery in 27%. Women were found 
to have dissection of the left main coronary artery in 
17%, of the left anterior descending coronary artery in 
47%, of the right coronary artery in 12% and multives- 
sel dissection in 24%, 

The etiology of spontaneous coronary artery dissec 

ar. We found 3 separate group 

























with Spontaneous Coronary Artery Dissection 
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Postmortem 


eneee: 
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No. (%) 
Age (mean, yrs) 
Coronary artery dissected 
LM (%) 
LAD (%) 
Right (%) 
Muttivessel (%) 
Postpartum (%) 


15 (47) 
18 to 58 (46) 


o 
4 (27) 
11 73) 
0 
o 


17 (53) 
26 to 58 (38) 


3 (17) 
8 (47) 
2(12) 
4 (24) 
6 (35) 


10.(16) 


21 to 63 (47) 


8 (80) 
1 (10) 
1 (10) 





“Abbreviations as in Table I. 
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‘ABLE lil Clinical Characteristics and Follow-Up of Eleve 


n Atlanta Patients with Spontaneous Coronary Artery Dissection 
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52 (84) 
17 to 69 (40) 


3465) 
8 (16) 
10 (19) 








Age (yrs). 
Sex 


Coronary 
Artery 
Dissected 


Risk Factors 


Treatment 


Follow-Up (mos) / Status 





45,M 
58, M 
37,M 
18,M 


50, M 


48, F 





LAD 

Right 

LAD, Diagonal 
LAD 

Right 

LAD 

Right, LAD 


LAD 
LAD 


LAD 


LAD, Diagonal 0 


SAH 

tobacco 
tobacco 

[è] 

SAH, tobacco 
SAH, tobacco 
o 


SAH, SLE 
PP (4 days) 


SAH, diabetes 


calcium 

nitrates, 8 blocker 
streptokinase 
digoxin, mexilitine, 
aspirin, nitrates 

B biocker, calcium 
antagonist 
nitrates, 8 blocker, 
calcium antagonist 
o 


aspirin 

calcium 
antagonist 
digoxin, diuretics, 
aspirin, tocainide, 
nitrates 

AICD, captopril 


2/cath; normal 

27 asymptomatic 
36/asymptomatic 

49 /echo; anterior akinesis 
EF (40%) 

3/angina 


24/cath, normal 

71 /asymptomatic 

1/hr death 

Autopsy; SCAD of LAD and right 
1/ETT; negative 

5/ETT; abnormal 


32/recurrent angina, cath, CABG at 
76 /angina 


1 /asymptomatic 


aspirin 








AICD = automatic implantable cardioverter defibrillator; EF = ejection fraction, Mi = myocardial infarction, SAH = systemic arterial hypertension. Other abbreviations as in Table! 








those with atherosclerotic coronary artery disease, those 
in the postpartum period and those without an identifi- 
able predisposing factor. 

Of the 32 patients, 9 (28%) were found to have ath- 
erosclerotic coronary artery disease. In these patients, 
dissection could be the result of plaque rupture resulting 
in disruption of the junction between the intima and 
“media. 

«Six (35%) of the 17 women had spontaneous coro- 
nary artery dissection from 1 day to 4 months after de- 
livery. In addition, 15 (29%) women who were found to 
have spontaneous coronary artery dissection at autopsy 
were postpartum. The etiology of the dissection during 
the postpartum state is unknown. During pregnancy, 
the aorta undergoes microstructural changes that may 
be the result of hormonal and hemodynamic factors. 
These changes could also occur in the coronary artery, 
explaining the higher incidence of female patients with 

“spontaneous coronary artery dissection occurring in the 
stpartum period. Heefner*> reported a case of sponta- 
coronary artery dissection found at autopsy in 
ogesterone oral contraceptives 


were implicated. The hormonal therapy may have = 
caused changes in the arterial microstructure similar to 
those found in pregnancy that resulted in dissection. a 
None of the 16 women in our study was using birth 
control pills. 

There remains a group of 6 patients without an obvi- 
ous etiology for spontaneous coronary artery dissection: 
Two autopsy series have implicated small cystic spaces 
in the media of the involved coronary artery as the etiol- 
ogy of spontaneous coronary artery dissection. !726 Eo 
sinophils have been associated with spontaneous coro- 
nary artery dissection.’ Robinowitz et al!” found ina 
postmortem study that their 8 patients and 31 (43%) of 
the previously reported autopsy cases had an eosinophil- = 


ic infiltrate in the adventitia of the involved coronary _ 


artery. They postulated that proteins isolated from thè- 
granules of eosinophils may have damaged the collagen 
elastin or smooth muscle of the coronary artery, result 
ing in dissection. aay 
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ute event and have done well, all but 1 remaining 
asymptomatic. Three (11%) survived the initial event 
but died during follow-up at 48, 72 and 132 months, 
~Tespectively. In our series of 11 patients, 9 (82%) sur- 
> vived and were successfully treated medically (Table 
HI) and 1 died as an immediate complication of the 
coronary artery dissection. One patient required bypass 
‘grafting 3 years after spontaneous coronary artery dis- 
section for severe 3-vessel disease and is doing well at 76 
-months with stable angina. One patient required coro- 
nary artery bypass grafting and automatic implantable 
cardioverter defibrillator placement for recurrent ven- 
tricular fibrillation, possibly due to recurrent ischemia. 
The decision to treat spontaneous coronary artery 
dissection medically or surgically has not been previous- 
ly addressed. Thayer et al!6 reported a patient with 
spontaneous dissection of the left main coronary artery 
who survived after coronary artery bypass grafting. 
- They recommended bypass grafting for all patients with 
Spontaneous coronary artery dissection. We agree that, 
as with any case of severe left main coronary artery 
disease caused by either atherosclerosis or dissection, 
coronary artery bypass grafting should be performed. In 
addition, patients with spontaneous coronary artery dis- 
section who have ongoing ischemia may benefit from 
-revascularization in an attempt to decrease the chance 
of reinfarction or arrhythmia. Our series, however, dem- 
onstrates that patients with spontaneous coronary artery 
dissection who have completed an infarction in the ab- 
sence of fixed atherosclerosis do well with medical ther- 
apy alone. The indications for surgery are the same as 
those for patients with fixed atherosclerotic disease such 
as left main disease, 3-vessel disease or symptoms re- 
fractory to medical therapy. 
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-The effect of selective intracoronary antiarrhythmic 
drug infusion on inducibility of cardiac arrhythmias 
was studied in 3 patients with recurrent sustained 
monomorphic ventricular tachycardia referred for 
comprehensive electrophysiologic studies. Each pa- 
tient had evidence of prior myocardial infarction, 1 
or more occluded coronary arteries and a readily 
identifiable collateral vessel that provided collateral 
flow to the infarct-related artery. In each patient, 
the clinical arrhythmia was reproducibly inducible 
by programmed stimulation in the control state. Af- 
ter positioning a small infusion catheter in the col- 
lateral vessel, selective intracoronary lidocaine 0.3 
to 0.6 mg/min (patients 1 and 2) or procainamide 
0.1 to 1.4 mg/min (patient 3) was infused for a 10- 
minute period. In each patient the clinical arrhyth- 
~~ mia was rendered noninducible during selective in- 
tracoronary drug infusion. The arrhythmia was 
“again inducible after a 10-minute drug-washout pe- 
riod and also after standard intravenous doses of 
antiarrhythmic drug. Selective intracoronary anti- 
arrhythmic drug infusion may help to localize the 
site of origin of some cardiac arrhythmias, may 
provide a means of testing the effects of several 
drugs during a single study and may be a new 
method for studying mechanisms of action of 
antiarrhythmic drugs. 
(Am J Cardiol 1989;64:475-480) 
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aged satisfactorily with conventional antiar- 


Vests tachycardiac (VT) often cannot be man- 
rhythmic drug therapy. All available antiar- 


rhythmic drugs can cause debilitating side effects that > 


limit their use.! Even when the drugs are well tolerated 
they frequently fail to prevent recurrence of arrhyth-. 
mia.23 The most common substrate for sustained mono- _ 
morphic VT is coronary artery disease with prior myo- 
cardial infarction.’ In such a setting, VT usually is due 
to reentry in surviving but electrophysiologically abnor- 
mal subendocardial or subepicardial fibers within or ad- 
jacent to the region of infarction.5-!3 Because all regions 
of the heart are nourished by the coronary arterial cif- 
culation, delivery of an antiarrhythmic drug to the site. 
of origin of VT via the coronary artery supplying such a. 
site might be an effective method for suppressing the 
arrhythmia. Theoretically, this method of delivery could 
achieve very high local tissue concentrations of the drug. 
where its effects are most needed, without risk of non=. 
cardiac toxicities that accompany systemic antiarrhyth- 
mic drug administration. This hypothesis was tested in 3 
patients with recurrent sustained VT due to prior myo- = 
cardial infarction. We describe the results of selective 
intracoronary antiarrhythmic drug infusion in these pa- 
tients and discuss the possible applications of this ap- 
proach to the localization and therapy of cardiac ar-:. 
rhythmias. 


METHODS 

Three patients with documented sustained mono 
morphic VT referred to the Brigham and Women’s 
Hospital for electrophysiologic studies were enrolled in 
a research protocol approved by the hospital’s Commit- 
tee for the Protection of Human Subjects from Re- 
search Risks. Informed consent was obtained from each 
at the time of enrollment. Before their electrophysiolog- 
ic studies each patient underwent routine diagnostic 
cardiac catheterization with coronary arteriography to 
define coronary anatomy and determine possible sites of 
prior myocardial infarction. 

Electrophysiologic studies: All patients underwent 


comprehensive electrophysiologic studies while they 
were in the fasting state, lightly sedated with diazepam 


as needed to allay anxiety. Patient 1, who had been. 
found to have inducible sustained monomorphic VT 
during an electrophysiologic study 1 year previously, — 
was being treated with flecainide, 100 mg twice daily, 
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Age (yrs), Clinical Coronary 
Pt Sex Arrhythmia LV Wall Motion Artery Collaterals 
1 70,M VT Inferior Right Distal LC 
hypokinesis 
2 52W VT Anteroapical LAD B 
dyskinesis 
3  63,M VT Inferoapical PDA LC marginal 
dyskinesis 
Anterior LAD B 
akinesis 











B = bridging collaterals; LAD = left anterior descending artery; LC = left circumflex; 
= feft ventricular; PDA = posterior descending artery; VT = ventricular tachycar- 
ia. 














































































and digoxin, 0.125 mg orally once daily, when he had 
an episode of syncope without documented arrhythmia. 
This patient was therefore restudied on his regimen of 
flecainide plus digoxin. Patients 2 and 3 had received no 
antiarrhythmic medication for 72 hours before study. 
Electrode catheters were inserted via sheaths placed in 
both femoral veins, advanced under fluoroscopic guid- 
ance and positioned in the high right atrium, right ven- 
tricular apex and across the tricuspid anulus; the latter 
position was used to record a His bundle electrogram. 
An 8Fr sheath with side arm was also introduced into 
the femoral artery. Once the catheters and sheaths were 
in place, 5,000 U of heparin was administered intrave- 
nously. 

Programmed electrical stimulation of the atria (pa- 
tients 2 and 3) and of the ventricles (all patients) was 
performed according to a standard protocol as previous- 
ly described from our laboratory.'4 The ventricular 
stimulation protocol consisted of delivery of progressive- 
ly earlier single, double and then triple ventricular pre- 
-= mature stimuli to the point of ventricular refractoriness. 
> It was done first during sinus rhythm (patients 2 and 3) 
or atrial fibrillation (patient 1), and then after 8-beat 
ventricular-paced trains at 2 or more basic cycle lengths 
(600 ms or 500 and 400 ms) in all 3 patients. In all 3 of 
these patients sustained monomorphic VT correspond- 
ing to the patient’s clinical arrhythmia was induced by 
Programmed stimulation from the right ventricular 
apex. Patients 1 and 2 had VT that was easily inducible 
in a baseline state. In patient 3, tachycardia was only 
inducible during isoproterenol infusion 0.8 to 1.0 ug / 
min. This infusion was continued throughout the entire 
study. Once sustained tachycardia had been induced it 
was terminated by programmed stimulation. In each 
patient the stimulation sequence that had initiated ar- 
rhythmia was then repeated at least twice to confirm 
that induction of the tachycardia was reproducible. 

Research protocol: Following induction and termi- 
nation of tachycardia in the control State, an 8Fr left 
_ Judkins guiding catheter was introduced through the 
femoral arterial sheath and positioned in the ostium of 
„the appropriate coronary artery. At this point an addi- 
= tional 5,000 U of heparin was administered intravenous- 
y. In each patient the branch of the coronary artery 

pplying collateral blood supply to the infarct-related — 








-munoassay fro 


y was identified from the patient’s diagnostic coro 
nary arteriogram and then selectively catheterized. Ir 
patient 1 the collateral vessel was the distal circumfley 
artery (Table I). In patient 2 the collateral vessel was 
the stump of the left anterior descending artery (Table 
D). In patient 3, who had 2 occluded coronary arteries, 
the 2 collateral vessels identified were the stump of the 
left anterior descending and a marginal branch of the 
circumflex artery (Figure 1). Each collateral vessel in 
this patient was selectively catheterized separately. A 
0.014-inch diameter guidewire (Hi-Torque Floppy, Ad- 
vanced Cardiovascular Systems Inc.) was advanced 
through the coronary guiding catheter and positioned in 
the study vessel. After the guidewire was positioned, an 
infusion catheter with a 3Fr proximal shaft diameter, 
2.2Fr distal shaft diameter and radiopaque tip marker 
(Tracker, Target Therapeutics Inc.) was then advanced 
over the guidewire and also positioned in the appropri- 
ate study vessel. Proper positioning of the infusion cath- 
eter was confirmed by injection of radiographic contrast 
material through the guiding catheter (Figure 1). Once 
the infusion catheter was properly positioned the guide- 
wire was removed, enabling the proximal end of the in- 
fusion catheter to be connected to a Harvard infusion 
pump. 

In patients | and 2 lidocaine dissolved in normal sa- 
line was infused into the collateral vessel via a Harvard 
infusion pump at a constant rate in doses ranging be- 
tween 0.3 and 0.6 mg/min using flow rates between 
0.075 and 0.15 cc/min. Patient 1 received 2 different 
intracoronary doses: first 0.3 and then 0.6 mg/min. Pa- 
tient 2 received only a single intracoronary dose of 0.35 
mg/min. Patient 3 received an intracoronary infusion of 
procainamide rather than lidocaine in normal saline at a 
dose of 1.4 mg/min and flow rate of 0.175 cc/min for 
the stump of the left anterior descending artery and 
then 1.0 mg/min and flow rate of 0.125 cc/min for the 
marginal branch of the circumflex artery. In each pa- 
tient at each dose the intracoronary antiarrhythmic 
drug infusion was administered for 10 minutes, after 
which a complete sequence of programmed stimulation 
was performed several times according to the same pro- 
tocol used in the control state. Upon completion of the 
stimulation protocol the intracoronary drug infusion 
was discontinued, 10 minutes were allowed for the ef- 
fects of intracoronary antiarrhythmic drug infusion to 
dissipate, and then a recontrol complete stimulation 
protocol was repeated to confirm that tachycardia was 
again inducible as it had been during the initial control 
period. Finally, antiarrhythmic drug was administered 
in standard doses intravenously. Patients 1 and 2 re- 
ceived bolus injections of 100 and 75 mg, respectively, 
of lidocaine followed by a 1.0 mg/min infusion. Patient 
3 received a bolus injection of 1,000 mg of procain- 
amide, The complete programmed stimulation protocol 
was again repeated several times after intravenous drug 
administration using the same stimulation protocol as in. 
the control state. Plasma lidocaine and procainamide 
concentrations were determined by EMIT enzyme im- | 

venous blood samples obtained before — 






















of intracoronary drug infusion, at the end of 
nute period of intracoronary drug infusion and 
inistration of intravenous drug. 


RESULTS 

Pertinent clinical features of the 3 patients and the 
results of their diagnostic angiographic studies are listed 
in Table I. All 3 patients had angiographic evidence of 
prior myocardial infarction with an easily identifiable 
infarct-related occluded coronary artery. Patient 3 actu- 
ally had 2 sites of prior infarction, a calcified inferoapi- 
cal infarct related to an occluded right coronary artery 
and a more recent anterior wall infarct caused by occlu- 
sion of the left anterior descending artery. 

The effects of selective intracoronary lidocaine infu- 


"sion and conventional intravenous lidocaine administra- 


tion on inducibility of ventricular tachycardia in patient 
1 are shown in Figure 2. In the control state, monomor- 
phic sustained VT with a right bundle branch block 
QRS morphology and average cycle length of 460 ms 
(rate 124 beats/min) was easily and reproducibly initi- 
ated by 3 consecutive programmed ventricular prema- 
ture stimuli delivered during atrial fibrillation (Figure 
2A). The tachycardia was sustained and required over- 
drive ventricular pacing for termination. Plasma lido- 
caine concentration in the control state was undetect- 
able. During infusion of lidocaine at a rate of 0.3 mg/ 
min into the distal left circumflex artery, which supplied 
collateral blood flow to the occluded right coronary ar- 
> tery, VT was still inducible, although the cycle length of 
> the tachycardia was lengthened to 500 ms (not shown). 
However, during selective intracoronary infusion of lid- 
ocaine at a rate of 0.6 mg/min, VT was no longer in- 
ducible by programmed ventricular stimulation (Figure 
2B). Systemic plasma lidocaine concentration during 
the intracoronary infusion was still undetectable. Ten 
minutes after cessation of the intracoronary lidocaine 
infusion, recontrol programmed ventricular stimulation 
was performed. Again, sustained monomorphic VT was 
easily inducible, this time by delivery of only 2 prema- 
ture stimuli. The tachycardia had the same QRS mor- 
phology and rate as in the initial control period (Figure 
2C). Administration of intravenous lidocaine failed to 
prevent induction of the patient’s VT, even though a 
plasma lidocaine concentration of 2.6 ug/ml was 
achieved (Figure 2D). 
Table II summarizes the effects of intracoronary 
antiarrhythmic drug infusion compared to intravenous 
drug administration on VT induction in patients 2 and 
3, In each case, induction of VT could be abolished by 
selective intracoronary infusion of the antiarrhythmic 
drug but not by intravenous administration, even 
though the latter route of administration resulted in a 
much higher plasma drug concentration. The results ob- 
tained in patient 3 were particularly noteworthy. When 
-procainamide was infused selectively into the stump of 
‘the left anterior descending artery and into the distal 
vessel by bridging collaterals, VT was still inducible as 


had been in the control state. However, when procain- 


vas infused selectively into the occluded posterior 





descending artery via its collateral vessel, VT was no 
longer inducible. Thus, abolition of VT in this patient 
was critically dependent on which of the 2 occluded ves- 
sels selective drug infusion was delivered into. 


DISCUSSION 
Patients with cardiac arrhythmias that have proven 


unresponsive to antiarrhythmic drug therapy or in. 


whom drug therapy causes intolerable side effects re- 
quire alternative forms of therapy to prevent recurrent « 
arrhythmia. Ablation of the arrhythmogenic tissue, 
whether surgically or by means of a catheter, offers 
such an alternative. In a recent study in dogs by Inoue 
et al,!5 focal VT due to intramyocardial injection of 
aconitine could be abolished by infusion of phenol or 
ethyl alcohol into the coronary artery supplying this re- 
gion. These investigators'> postulated that the coronary 


FIGURE 1. Right anterior oblique arteriogram of the left coro- 
nary artery in patient 3, who had an occluded left anterior de- 
scending artery (straight arrow, A) that filled by bridging col- 
laterals as well as an occhided posterior descending artery 
received collateral flow from a marginal 
tip of the in- 








- > Arterial circulation might provide a vehicle for delivery 
of ablative agents to sites of origin of cardiac arrhyth- 
mias no matter where in the heart they might be locat- 
ed. The validity of this hypothesis has now been verified 
in humans by Brugada et al,!6 who demonstrated that 
sustained tachycardias of various types could be inter- 
rupted by bolus intracoronary injections of iced saline or 
by temporary occlusion of the coronary artery thought 
to supply the site of origin of arrhythmia. Furthermore, 
in selected patients with refractory VT the arrhythmia 
could be abolished permanently by injection of ethyl al- 
cohol into the appropriate coronary arterial branch.!’ 


CONTROL 


A 


LC. LIDOCAINE v> 
O.6mg/min 








RECONTROL “I7 


Cc 


LV. LIDOCAINE H 
100mg bolus V 


aT 
LOmg/min 















The present study differs from those of. Brugada et al i 
that we chose to study the effects of intracoronary anti 
arrhythmic drugs, using inducibility of arrhythmia b: 
programmed stimulation to assess the effects of loca 
drug administration. Our study demonstrates that re 
current sustained VT in the setting of chronic myocardi: 
al infarction can be rendered noninducible by infusior 
of an antiarrhythmic drug selectively into a branch oj 
the coronary arterial circulation supplying flow to the 
presumed site of origin of the arrhythmia. These results 
complement those of Brugada et al, and further support 
the hypothesis that cardiac arrhythmias can be manipu- 
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nd potentially ablated no matter where in the 
hey arise—provided that the coronary arterial 
to the site of origin of arrhythmia can be identi- 
and catheterized selectively. 

- Procainamide and lidocaine were chosen empirically 
for intracoronary administration in the present study, 
partly because they are among the few agents available 
for intravenous use and, as a consequence, are the 
agents most often tested acutely during electrophysio- 
logic studies. Assuming normal rates of coronary blood 
flow of 70, 60 and 40 to 50 ml/min in the left anterior 
descending, circumflex and right coronary arteries, re- 
spectively, the intracoronary doses of lidocaine and pro- 
cainamide were chosen to achieve concentrations in the 
local coronary circulation at least twice what is ordinar- 
ily considered to be “therapeutic” in systemic blood. 18-19 
In all likelihood, abolition of arrhythmia by selective in- 
tracoronary antiarrhythmic drug infusion as observed in 


the present study was due to attainment of much higher- 


local myocardial drug concentrations at or near the site 
of origin of the arrhythmia than were achieved by intra- 
venous drug administration. This is despite the fact that 
the latter route of administration yielded a much higher 
systemic blood concentration of the drug. In view of the 
extremely slow infusion rates that were used in the pre- 
sent study relative to normal rates of coronary flow, it is 
very unlikely that selective intracoronary infusions 
caused abolition of arrhythmia by cooling or by replac- 
ing a significant fraction of the arterial blood flow, 
thereby rendering the site of origin ischemic. This sup- 
-position is supported by the fact that none of the pa- 
tients developed chest pain or electrocardiographic evi- 
dence of ischemia during intracoronary drug infusion. 
In the present study, selective infusion of antiar- 
rhythmic drug into the vessel supplying collateral flow 
to the infarct-related artery rather than into proximal 
segments of other major coronary arteries should have 
resulted in delivery of drug predominantly if not exclu- 
sively to surviving fibers within or at the border of the 
infarcted zone, the likely site of origin of VT. This route 
of drug delivery may afford a unique method for assess- 
ing mechanisms of action of antiarrhythmic drugs in 
arrhythmogenic fibers. Observations in our first patient, 
who received 2 different doses of intracoronary lido- 
caine, are particularly noteworthy in this regard. In this 
patient an infusion rate of 0.3 mg/min, which failed to 
prevent induction of VT, did result in appreciable slow- 
„ing of the rate of VT. In fact, the tachycardia was slow- 
er during this intracoronary infusion than after conven- 
‘tional intravenous lidocaine dosing, despite the fact that 
plasma drug concentration was not detectable during 
intracoronary infusion and was within “therapeutic” 
range after the intravenous dose. This observation can 
most easily be explained by slowing of conduction veloc- 
ity in all or a part of the reentrant circuit by high local 
concentrations of lidocaine achieved at that site during 
_ intracoronary infusion. When a larger dose of intracoro- 
nary lidocaine was administered, induction of sustained 
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TABLE II Drug Effects on Arrhythmia Induction 
Plasma Drug | 
VT CL (ms) Level (ug/ml) | 
Patient 2 y | ero 
Control + 270 _ ee 
IC lidocaine 0 0 — 
Recontrol + 260 
IV lidocaine + 260 2.2 
Patient 3 
Control + 270 — 
IC procainamide (LAD) + 250 — 
IC procainamide (PDA) O 0 — 
Recontrol + 280 —_ 
IV procainamide + 325 8.4 
CL = tachycardia cycle length; IC = intracoronary; IV = intravenous; —~ = not | 


detectable; + = present; O = absent; other abbreviations as in Table |. 


tion velocity in the reentrant circuit, perhaps also ac- 
companied by prolongation of refractory period, thereb 
reducing the safety factor for conduction to such a de- 
gree that repetitive conduction around the circuit was 
no longer possible. In support of this conclusion was the 
observation that premature stimulation during high 
dose intracoronary lidocaine was still able to provoke a 
single nonstimulated ventricular beat identical in mor- 
phology to the patient’s VT (Figure 2B), but not süs- 
tained arrhythmia. E 

One interesting observation in the present study was 
the apparent dissipation of drug effects that occurred 
after no more than a 10-minute washout period follow- 
ing intracoronary drug infusion. This period of time was 
chosen empirically. However, in each of the patients _ 
studied, by the end of this 10-minute period electro- 
physiologic parameters had returned to control values 
and tachycardia was again inducible. This observation 
raises the possibility that intracoronary antiarrhythmic 
drug infusion might enable one to assess the effects of. 
several drugs in rapid succession during a single proce- _ 
dure, thereby sparing the patient multiple studies on 
successive days. as 

Although none of the patients in our study had com- 
plications or ill effects from intracoronary antiarrhyth- 
mic drug infusion, it is conceivable that such a route of 
administration could be proarrhythmic rather than anti- 
arrhythmic. Further studies in a greater number of pa- 
tients will be essential to determine optimum doses and 
infusion rates of intracoronary antiarrhythmic drugs 
and to assess more fully the risks and possible benefits 
of this new approach. 
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New OPTIRAY. (ioversol) is a nonionic contrast medium with a demonstrated safety and 
patient-comfort profile. OPTIRAY offers significant advantages over conventional ionic contrast. 
media, as well as a new approach to nonionic contrast media. 


In clinical trials involving over 1,100 patients across a broad range of ee the 
incidence of individual drug-related adverse reactions with OPTIRAY was less than 1%.’ 

















Overall incidence of drug-related adverse reactions: All studies (n= 1,186)' 





ALLERGIC: Urticaria 0.2% CNS: Headache 0.5% 
Sneezing 0.3% Blurred vision 0.2% 11 
Periorbital edema 0.1% Disorientation 0.2% |] 
Pruritus 0.1% Lightheadedness 0.3% 







CARDIO- Angina 0.29% Vertigo nc ID 
VASCULAR: Bradycardia 0.1% Vasovagal reaction 0.1% 
RESPIRATORY: Coughing 0.1% GASTRO- Nausea 0.8% 
Nasal congestion 0.3% INTESTINAL: Vomiting 0.3% 

Hypoxia 0.1% MISCEL- Shaking, chills 0.3% 

LANEOUS: Bad taste 0.1% 













Hydrophilicity: A key to low toxicity — 
OPTIRAY is more hydrophilic (“water-loving”) and less lipophilic (“‘lipid-loving”) than iohexolor 
iopamidol.? The more hydrophilic an agent, the less likely it will be to enter cells or cross the 
blood-brain barrier.** 


“Caution must be used to avoid drawing clinical conclusions based solely upon nonclinical data. 
Improved patient comfort 


Clinical studies comparing OPTIRAY with conventional contrast agents have shown significantly 
less heat and discomfort with OPTIRAY.”® 
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OPTIRAY 320 provides overall diagnostic quality equivalent to iopamidol-370 or diatrizoate-370 
in coronary arteriography and left ventriculography with 14% less iodine.*"° 


It has not been established that low osmolality or nonionic contrast media are less nephrotoxic 
than conventional agents. However, there have been reports that show a direct relationship 
between nephrotoxicity and the dosage of contrast media administered. ++! The lower concentra- 
tion of OPTIRAY 320 provides a means for reducing the amount of medium administered, while 
still achieving a diagnostic study. 


Favorable hemodynamic and ECG profile 


In comparative studies with diatrizoate-370, OPTIRAY 320 had less effect on key hemodynamic 
and ECG parameters following coronary angiography and left ventriculography." 
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In clinical studies involving patients undergoing coronary arteriography and left ventriculography, 
OPTIRAY 320 produced diagnostic-quality images in 100% of cases, 94.7% of which were rated 


excellent or good. ° 









9,10,14 


Overall radiographic quality: Coronary arteriography with left ventriculography 
Contrast No. of No. of Procedures No. of Procedures 
Medium Patients Good or Excellent Rated Diagnostic 












OPTIRAY 320 190 180 (94.7%) 190 (100%) 
lopamidol-370 78 77 (98.7%) 78 (100%) 
Diatrizoate-370 79 75 (94.9%) 79 (100%) 























Indications for OPTIRAY 


OPTIRAY 320 is indicated for a broad range of cardiac imaging procedures, including: 

E Coronary arteriography and left E Aortography, visceral and renal 
ventriculography arteriography 

EE Peripheral arteriography E Cerebral arteriography 

OPTIRAY 160 is indicated for intra-arterial digital subtraction angiography (IA-DSA). 


All nonionic iodinated contrast media currently available inhibit blood coagulation, in vitro, less 
than ionic contrast media. Clotting has been reported when blood remains in contact with 
syringes containing nonionic contrast media. Therefore, meticulous intravascular administration 
technique is necessary to minimize thromboembolic events. 


Osmolality and viscosity of nonionic contrast agents 


Contrast Concentration Osmolali Viscosi 
Medium (mg lodine/mL) (mOsm/kg H,0) at 37°C (CPS) 


lopamidol* 370 796 9.4 





Iohexol' 350 844 10.4 
OPTIRAY 3205 320 702 5.8 
OPTIRAY 240 240 502 3.0 
OPTIRAY 160 160 355 1.9 





* Marketed by i Diagnos under license from Bracco Industria Chimica, S.p.A., Italy. 
+Marketed by Winthrop Pharmaceuticals under license from Nycomed AS, Norway. 
§ Marketed by Mallinckrodt Medical, Inc. Developed and manufactured by Mallinckrodt Medical, Inc. in the U.S.A. 
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OPTIRAY® 160 240 320 
(loversol Injection) 


DESCRIPTION: Each milliliter of OPTIRAY 160 (ioversol injection 
o) provides 339 mg of ioverso! with 3.6 mg of tromethamine as a buffer 

nd 0.2 mg of edetate calcium disodium as a stabilizer. OPTIRAY 160 pro- 
ides 16% (160 mg/mL) organically bound iodine. 

Each milliliter of OPTIRAY 240 (ioversol injection 51%) provides 509 mg 
fof ioversol with 3.6 mg of tromethamine as a buffer and 0.2 mg of edetate 
calcium disodium as a stabilizer. OPTIRAY 240 provides 24% (240 mg/mL) 

rganically bound iodine. 

Each milliliter of OPTIRAY 320 (ioversol injection 68%) provides 678 mg 
of ioverso! with 3.6 mg of tromethamine as a buffer and 0.2 mg of edetate 
calcium disodium as a stabilizer. OPTIRAY 320 provides 32% (320 mg/mL) 
organically bound iodine. 


CONTRAINDICATIONS: None 


WARNINGS: Nonionic iodinated contrast media inhibit blood 
coagulation, in vitro, less than ionic contrast media Clotting has been re- 
ported when blood remains in contact with syringes containing nonionic 
Contrast media. 

Serious, rarely fatal, thromboembolic events causing myocardial infarc- 
tion and stroke have been reported during angiographic procedures with 
both ionic and nonionic contrast media. Therefore, meticulous intra- 
vascular administration technique is necessary, particularly during angio- 

faphic procedures, to minimize thromboembolic events. Numerous 
actors, including length of procedure, catheter and syringe material, un- 
derlying disease state and concomitant medications may contribute to the 
development of thromboembolic events. For these reasons, meticulous 
angiographic techniques are recommended including close attention to 
guidewire and catheter manipulation, use of manifold systems and/or 
three-way stopcocks, frequent catheter flushing with heparinized saline 
solutions and minimizing the length of the procedure. The use of plastic 
syringes in place of glass syringes has been reported to decrease but not 
eliminate the likelihood of in vitro clotting 

Serious or fatal reactions have been associated with the administration of 
lodine-containing radiopaque media. It is of utmost importance to be com- 
pletely prepared to treat any contrast medium reaction 

As with any contrast medium, serious neurologic sequelae, including 
Permanent paralysis, can occur following cerebral arteriography, selective 
Spinal arteriography and arteriography of vessels supplying the spinal cord. 
A cause-effect relationship to the contrast medium has not been established 
since the patients’ pre-existing condition and procedural technique are 
‘Causative factors in themselves, The arterial injection of a contrast medium 
should never be made following the administration of vasopressors since 
they strongly potentiate neurologic effects. 

Caution must be exercised in patients with severely impaired renal 
function, combined renal and hepatic disease, severe thyrotoxicosis, 
myelomatosis, or anuria, particularly when large doses are administered 

Intravascularly administered iodine-containing radiopaque media are 
Potentially hazardous in patients with multiple myeloma or other 
paraproteinemia, particularly in those with therapeutically resistant anuria. 
Myeloma occurs most commonly in persons over age 40. Although neither 
the contrast agent nor dehydration has been proved separately to be the 
Cause of anuria in myelomatous patients, it has been speculated that the 
combination of both may be causative. The risk in myelomatous patients is 
not a contraindication to the procedure; however, special precautions, 
including maintenance of normal hydration and close monitoring, are 
required. Partial dehydration in the preparation of these patients prior 
to injection is not recommended since this may predispose the patient to 
precipitation of the myeloma protein. 

Administration of radiopaque materials to patients known or suspected 
of having pheochromocytoma should be performed with extreme caution. 
If, in the opinion of the physician, the possible benefits of such procedures 
outweigh the considered risks, the procedures may be performed: 
however, the amount of radiopaque medium injected should be kept to an 
absolute minimum. The blood pressure should be assessed throughout the 
procedure, and measures for treatment of a hypertensive crisis should 
be available. 

Contrast media may promote sickling in individuals who are homozygous 
for sickle cell disease when administered intravascularly. 

Reports of thyroid storm following the intravascular use of iodinated 
radiopaque agents in patients with hyperthyroidism or with an auton- 
omously functioning thyroid nodule, suggest that this additional risk be 
evaluated in such patients before use of any contrast medium. 


PRECAUTIONS: General: Diagnostic procedures which involve the 
use of iodinated intravascular contrast agents should be carried out under 
the direction of personnel skilled and experienced in the particular pro- 
cedure to be performed. A fully equipped emergency cart, or equivalent 
Supplies and equipment, and personnel competent in recognizing and treat- 
ing adverse reactions of all types should always be available. Since severe 
‘delayed reactions have been known to occur, emergency facilities and com- 
petent personnel should be available for at least 30 to 60 minutes after 
administration. 

Preparatory dehydration is dangerous and may contribute to acute renal 
failure in patients with advanced vascular disease, diabetic patients, and in 
Susceptible non-diabetic patients (often elderly with pre-existing renal 
disease). Patients should be well hydrated prior to and following the 
administration of OPTIRAY. 

The possibility of a reaction, including serious, life-threatening, fatal, 
anaphylactoid or cardiovascular reactions, should always be consid- 
ered (See ADVERSE REACTIONS). Increased risk is associated with a his- 
tory of previous reaction to a contrast medium, a known sensitivity to iodine 
and known allergies (i.e., bronchial asthma, hay fever and food allergies) or 
hypersensitivities. 

The occurrence of severe idiosyncratic reactions has prompted the use of 
Several pretesting methods. However, pretesting cannot be relied upon to 
predict severe reactions and may itself be hazardous to the patient. It is 
Suggested that a thorough medical history with emphasis on allergy and 
hypersensitivity, prior to the injection of any contrast medium, may be more 
accurate than pretesting in predicting potential adverse reactions. A posi- 
tive history of allergies or hypersensitivity does not arbitrarily contrain- 
dicate the use of a contrast agent when a diagnostic procedure is thought 
essential, but caution should be exercised. Premedication with antihis- 
tamines or corticosteroids to avoid or minimize possible allergic reactions 
in such patients should be considered. Reports indicate that such pretreat- 
ment does not prevent serious life-threatening reactions, but may reduce 
both their incidence and severity. 

General anesthesia may be indicated in the performance of some proce- 
dures in selected patients; however, a higher incidence of adverse reactions 
has been reported in these patients, and may be attributable to the inability 
of the patient to identify untoward symptoms or to the hypotensive effect 
of anesthesia which can prolong the circulation time and increase the dura- 

| tion of exposure to the contrast agent. 

In angiographic procedures, the possibility of dislodging plaques or 
damaging or perforating the vessel wall should be considered during cathe- 

| ter maripulatio trast medium injection. Test injections to insure 
proper catheter placement tae suggested. 3 

Angiogr: utäbe avoided whenever possible in patients with 
homocystinuria because ofthe tisk of inducing thrombosis and embolism. 

Patients with congestive hBart failure should be observed for sev- 

eral hours following tne procedure to detect delayed hemodynamic 








disturbances which may be associated with a transitory increase in 
the circulating osmotic load. 

Selective coronary arteriography should be performed only in selected 
Patients and those in whom the expected benefits Outweigh the procedural 
risk. The inherent risks of angiocardiography in patients with chronic pul- 
monary emphysema must be weighed against the necessity for performing 
this procedure 

Extreme caution during injection of a contrast medium is necessary to 
avoid extravasation. This is especially important in patients with severe 
arterial or venous disease 

Drug Interactions: Renal toxicity has been reported in a few Patients with 
liver dysfunction who were given oral cholecystographic agents followed by 
intravascular contrast agents. Administration of any intravascular contrast 
agent should therefore be postponed in patients who have recently received 
a cholecystographic contrast agent 

Other drugs should not be mixed with ioversol injection 

Drug Laboratory Test Interactions: The results of PBI and radioactive 
iodine uptake studies, which depend on iodine estimation, will not accu- 
rately reflect thyroid function for up to 16 days following administration of 
iodinated contrast media. However, thyroid function tests not depending on 
iodine estimations, e.g., T3 resin uptake and total or free thyroxine (T4) 
assays are not affected. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: No long term 
animal studies have been performed to evaluate carcinogenic potential 
However, animal studies suggest that this drug is not mutagenic and does 
not affect fertility. 

Pregnancy Category B: No teratogenic effects attributable to ioversol 
have been observed in teratology studies performed in animals. There are 
however, no adequate and well controlled studies in pregnant women, It is 
not known whether ioversol crosses the placental barrier or reaches fetal 
tissues. However, many injectable contrast agents cross the placental bar- 
rier in humans and appear to enter fetal tissue passively. Because animal 
teratology studies are not always predictive of human response, this drug 
should be used during pregnancy only if clearly needed X-ray procedures 
involve a certain risk related to the exposure of the fetus 

Nursing Mothers: \t is not known whether ioversol is excreted in human 
milk, However, many injectable contrast agents are excreted unchanged in 
human milk. Although it has not been established that serious adverse reac- 
tions occur in nursing infants, caution should be exercised when 
intravascular contrast media are administered to nursing women because 
of potential adverse reactions, and consideration should be given to tempo- 
rarily discontinuing nursing 

Pediatric Use: Safety and effectiveness in children have not been 
established. 


ADVERSE REACTIONS: Adverse reactions following the use 
of OPTIRAY formulations are usually mild to moderate, of short duration 
and resolve spontaneously (without treatment). However, serious, 
life-threatening and fatal reactions, mostly of cardiovascular origin, have 
been associated with the administration of iodine-containing contrast 
media 

Injections of contrast media are often associated with sensations of 
warmth and pain. In controlled double-blind clinical studies. significantly 
less warmth and pain were associated with the injection of OPTIRAY than 
with iothalamate meglumine, diatrizoate meglumine, and diatrizoate meg- 
lumine and diatrizoate sodium 

When OPTIRAY 320 is used for coronary arteriography and ventriculog- 
raphy in double-blind clinical trials, electrocardiographic and hemodynamic 
changes occur with less frequency and severity with ioversol injection than 
with diatrizoate meglumine and diatrizoate sodium. 

Following coronary artery and left ventricular injection, electrocardio- 
graphic parameters were affected less with OPTIRAY (ioversol injection) 
than with diatrizoate meglumine and diatrizoate sodium injection. These 
Parameters included the following: bradycardia, tachycardia, T-wave 
amplitude, ST depression and ST elevation 

OPTIRAY has also been shown to cause fewer changes in cardiac func- 
tion and systemic blood pressure than conventional ionic media. These 
include cardiac output, left ventricular systolic and end-diastolic pressure, 
right ventricular systolic and pulmonary artery systolic pressures and 
decreases in systolic and diastolic blood pressures. 

The following table of incidence of reactions is based upon clinical trials 
with OPTIRAY formulations in over 1100 patients. This listing includes all 
adverse reactions which were coincidental to the administration of ioversol 
regardless of their direct attributability to the drug or the procedure. 
Adverse reactions are listed by organ system and in decreasing order of 
occurrence. Significantly more severe reactions are listed before others ina 
system regardless of frequency. 


Adverse Reactions 
System > 1% <1% 


Cardiovascular none angina pectoris 
hypotension 
vascular spasm 
bradycardia 
conduction defect 
false aneurysm 
hypertension 
transient arrhythmia 
vascular trauma 
nausea 
vomiting 
cerebral infarct 
headache 
blurred vision 
vertigo 
lightheadedness 
vasovagal reaction 
disorientation 
dysphasia 
paresthesia 
visual hallucination 
laryngeal edema 
nasal congestion 
sneezing 
coughing 
hypoxia 
periorbital edema 
urticaria 
facial edema 
flush 
pruritus 
extravasation 
shaking chills 
bad taste 
general pain 

Regardless of the contrast medium employed, the overall incidence of 
serious adverse reaction is higher with coronary arteriography than with 
other procedures. Cardiac decompensation, serious arrhythmias, myocar- 
dial ischemia or myocardial infarction may occur during coronary 
arteriography and left ventriculography. 

General Adverse Reactions to Contrast Media 

The following adverse reactions are possible with any parenterally admin- 
istered iodinated contrast medium. Severe life-threatening reactions and 
fatalities, mostly of cardiovascular origin. have occurred. Most deaths 


Digestive none 


Nervous none 


Respiratory none 


Skin 


none 


Miscellaneous none 


occur during injection or 5 to 10 minutes later; the main feature being car- 
diac arrest with cardiovascular disease as the main aggravating factor. Iso- 
lated reports of hypotensive collapse and shock are found in the'literature 
Based upon clinical literature, reported deaths from the administration of 
conventional iodinated contrast agents range from 6.6 per 1 million 
(0.00066 percent) to 1 in 10,000 patients (0.01 percent). 

The reported incidence of adverse reactions to contrast media in patients 
with a history of allergy is twice that of the general Population. Patients with 
a history of previous reactions to a contrast medium are three times more 
Susceptible than other patients. However, sensitivity to contrast media does 
not appear to increase with repeated examinations 

Adverse reactions to injectable contrast media fall into two Categories: 
chemotoxic reactions and idiosyncratic reactions. 

Chemotoxic reactions result from the physicochemical properties of the 
contrast medium, the dose and the speed of injection. All hemodynamic 
disturbances and injuries to organs or vessels perfused by the contrast 
medium are included in this category. 

Idiosyncratic reactions include all other reactions They occur more fre- 
quently in patients 20 to 40 years old. Idiosyncratic reactions may or may 
not be dependent on the dose injected, the speed of injection, the mode of 
injection and the radiographic procedure. Idiosyncratic reactions are sub- 
Givided into minor, intermediate and severe, The minor reactions are 
self-limited and of short duration: the severe reactions are life-threatening 
and treatment is urgent and mandatory. 

In addition to the adverse reactions reported for ioversol, the follow- 
ing additional adverse reactions have been reported with the use of other 
contrast agents and are possible with any water soluble, iodinated con- 
trast agent 

Nervous; muscular spasm, convulsions, aphasia, syncope, paralysis, 
visual field losses which are usually transient but may be permanent, coma 
and death 

Cardiovascular: angioneurotic edema, peripheral edema, vasodilation, 
thrombosis and rarely thrombophlebitis. disseminated intravascular 
coagulation and shock 

Skin: maculopapular rash, erythema, conjunctival symptoms, ecchymo- 
Sis and tissue necrosis 

Respiratory: choking, dyspnea, wheezing which may be an initial man- 
ifestation of more severe and infrequent reactions including asthmatic 
attack, laryngospasm and bronchospasm, pulmonary edema, apnea 
and cyanosis. Rarely these allergic-type reactions can progress into 
anaphylaxis with loss of consciousness, coma, severe cardiovascular 
disturbances and death 

Miscellaneous: hyperthermia, temporary anuria or other nephropathy. 

Other reactions may also occur with the use of any contrast agent as a 
consequence of the procedural hazard; these include hemorrhage or 
pseudoaneurysms at the puncture site, brachial plexus palsy following axil- 
lary artery injections. chest pain, myocardial infarction, and transient 
changes in hepatorenal chemistry tests. Arterial thrombosis, displacement 
of arterial plaques, venous thrombosis. dissection of the coronary vessels 
and transient sinus arrest are rare complications 

In cerebral arteriography, cardiovascular reactions that may occur with 
some frequency are bradycardia and either an increase or decrease in 
systemic blood pressure. Neurological reactions that may occur are: 
Seizures, drowsiness, transient paresis, and mild disturbances in vision. 

Central nervous system reactions with OPTIRAY in controlled clinical 
Studies in cerebral arteriography that occurred with frequencies greater 
than 1% were: vertigo (4%) and blurred vision (3%) 

In aortography, depending on the technique employed, the risks of this 
procedure also include the following: injury to the aorta and neighboring 
organs, pleural puncture, renal damage including infarction and acute tubu- 
lar necrosis with oliguria and anuria, retroperitoneal hemorrhage from the 
translumbar approach and spinal cord injury and pathology associated with 
the syndrome of transverse myelitis. Under conditions of slowed aortic 
circulation there is an increased likelihood for aortography to cause muscle 
spasm. Occasional serious neurologic complications, including paraplegia, 
have also been reported in patients with aortoiliac obstruction, femoral 
artery obstruction, abdominal compression, hypotension, hypertension, 
spinal anesthesia, and injection of vasopressors to increase contrast. In 
these patients the concentration, volume, and number of repeat injections 
of the medium should be maintained at a minimum with appropriate 
intervals between injections. The position of the patient and catheter tip 
should be carefully monitored. 

Entry of a large aortic dose into the renal artery may cause, even in 
the absence of symptoms, albuminuria, hematuria, and an elevated creat- 
Pate and urea nitrogen. Rapid and complete return of function usually 

lollows. 

Cardiovascular system reactions with OPTIRAY in controlled clinical 
studies in coronary arteriography with left ventriculography that occurred 
with frequencies greater than 1% were: angina (1.2%) and nausea (1.2%). 


PRECAUTIONS FOR SPECIFIC PROCEDURES: 


Cerebral Arteriography 

Extreme caution is advised in patients with advanced arteriosclerosis, 
severe hypertension, cardiac decompensation, senility, recent cerebral 
thrombosis or embolism, and migraine. 


Peripheral Arteriography 

Pulsation should be present in the artery to be injected. In thromboan- 
giitis obliterans, or ascending infection associated with severe ischemia, 
angiography should be performed with extreme caution, if at all. 


Coronary Arteriography and Left Ventriculography 

Mandatory prerequisites to the procedure are specialized personnel, ECG 
Monitoring apparatus and adequate facilities for immediate resuscitation 
and cardioversion. Electrocardiograms and vital signs should be routinely 
monitored throughout the procedure. 


Venography 

Special care is required when venography is performed in patients with 
suspected thrombosis, phlebitis, severe ischemic disease, local infection 
or a totally obstructed venous system. In order to minimize extravasation 
during injection, fluoroscopy is recommended 


OVERDOSAGE: The adverse effects of overdosage are life- 
threatening and affect mainly the pulmonary and cardiovascular system. 
Treatment of an overdosage is directed toward the support of all vital 
functions, and prompt institution of symptomatic therapy. 

loversol does not bind to plasma or serum protein and is therefore, 
dialyzable 

The intravenous LDso values (gl/kg) for ioverso! in animals were: 
17 (mice), and 15 (rats). 


DOSAGE AND ADMINISTRATION: Details on dosage 
ae in the package insert. CONSULT FULL PACKAGE INSERT 
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*hysiologic Relation Between Cardiac Cycle and | 
` QT Duration in Healthy Volunteers 


Brigitte Lecocq, MD, Vincent Lecoca, MD, and Patrice Jaillon, MD 


ne 
To determine the relation between QT duration and 
RR interval on the electrocardiogram, 2 studies 
were undertaken in 23 young healthy volunteers 
(mean age 24 years). In study 1, the electrocardio- 
gram (paper speed at 50 mm/s, 800 measure- 
ments/subject) was recorded in 11 subjects (5 men, 
6 women) at rest, during dynamic exercise and af- 
ter rapid intravenous injections of isoproterenol 
(0.2 to 12.8 yg), before and after intravenous atro- 
pine (2 mg). In study 2, the QT-RR relation was 
studied at rest and during exercise in 12 subjects 
(6 men, 6 women) before and after oral propranolol 
(80 mg). The results confirmed a monoexponential 
individual relation of the QT and RR intervals dur- 
ing rest and exercise: QT = A — B - Exp (—k - RR). 
By pooling the RR-QT plots from the 11 subjects in 
study 1, we found that the measured QT interval = 
425 — 676 - Exp (—3.7 - 10-3) RR. During isopro- 
terenol-induced tachycardia, QT either did not 
change or increased and this may indicate an in- 
< crease in temporal dispersion of ventricular repo- 
larization. Atropine-induced tachycardia produced 
changes similar to those resulting from exercise 
testing. Propranolol did not change the QT-RR re- 
lation despite a lengthening in RR intervals. These 
results suggest that physiologic QT-RR adaptation 
is mainly under parasympathetic control. 
(Am J Cardiol 1989;63:481-486) 
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he QT interval on the surface electrocardiogram is 

an indirect measure of both myocardial depolar- _ 

ization and repolarization. Measurement of QT. 
duration is important because prolongations in QT have 
been linked with an increased risk of severe ventricular 
arrhythmias.!-8 Heart rate is a major determinant: of 
the QT interval duration: QT shortens when heart rate 
accelerates. Because of this frequency dependence, sev- z 
eral formulas have been applied to correct QT for © 
rate!) The most commonly used formula is derived 
from Bazett’s proposal assuming a square-root relation — 
between cardiac cycle length (RR) and QT interva 
However, recent studies suggest that this correction 
not always accurate.!6-!8 Sarma et al! have shown that 
an exponential model best described the rate-related 
changes in QT during exercise and cardiac pacing in 
humans. : 

The physiologic dependence of QT on RR during 
exercise may be under a mixed autonomic control, since 
heart rate increases because of a decrease in parasym 
pathetic tone and an increase in sympathetic stimula 
tion. The relative role of both systems in heart rate-de 
pendent QT regulation remains controversial.!8-*! 
We undertook this study with a 2-fold aim: to study 

in healthy volunteers the individual relation between 
QT and the preceding RR under physiologic conditions 
(rest and dynamic exercise), and to characterize the re- 
sponse of QT duration to B-adrenergic stimulation o 
blockade and parasympathetic blockade. 


METHODS ; 

Subjects: Twenty-three young healthy volunte 
participated in 2 studies after giving their writt 
formed consent. The St. Antoine University H 
Ethical Committee approved both studies. All subj 
had a physical examination, standard 12-lead electro- 
cardiogram and conventional clinical laboratory test 
before the studies. All were free of identifiable medica 
disease and none had taken any medications for 1 
month preceding the study. 

Study design: In study 1, the QT-RR relation w 
studied in 11 healthy volunteers (5 men, 6 women, aged 
22 to 26 years), during a 3-hour supine rest and a 
namic exercise test on a bicycle ergometer, where th 
workload was increased by 10 watts (for women) or 20 
watts (for men) every minute, until the subjects reach 
the maximal theoretical heart rate for age. After a 3 
minute rest following exercise, incremental intra 

to 12.8 wg) we 
5-minute interval 
protocol.?! This 8 










TABLE! Individual Equation QT = A — B- Exp (=k - 10-3. 
RR) Describing the Relations Between QT and RR Under 
Physiologic Conditions in the Two Studies 


Sex 















Subject 














Study 1 






























1 M 198 0.98 403 972 49 
*2 M 181 0.98 434 972 43 
*3 M 204 0.97 401 655 40 
*4 M 226 0.98 430 618 3.1 

5 M 203 0.99 455 572 2.7 

6 F 189 0.98 403 991 5.2 
*7 F 164 0.99 404 1281 6.0 

8 F 198 0.99 401 727 46 

9 F 220 0.99 . 442 816 40 
10 F 204 0.99 401 968 5.1 
11 F 190 0.99 402 870 47 
Mean 198 0.98 416 858 44 

+ SD +20 +208 +09 
11 subjects 444 0.97 425 676 
Study 2 (before propranolol) 

21 M 166 0.97 416 1681 5.8 
*2 M 200 0.97 400 843 4.7 
#3 M 205 0.97 428 767 41 

4 M 184 098 430 767 41 

5 M 194 0.98 407 725 3.9 

6 M 222 0.97 443 439 2.1 
*7 F 159 0.96 430 641 3.5 

8 F 181 0.97 370 653 43 

9 F 161 0.98 463 728 3.4 
10 F 161 0.98 399 1381 5.5 
11 F 238 0.98 426 1008 44 
12 F 191 0.97 465 635 28 
Mean 188 0.97 423 868 41 

+ SD +27 +348 +10 
12 subjects 456 0.94 423 704 3.7 












* Subjects who participated in both studies. 

No. = number of data pairs used for individual nonlinear regression analysis, r = 
correlation coefficient; SD = standard deviation; A, B and k are parameters of the 
regression curve. 












































__-Tenergic stimulation was repeated one-half hour after an 
_ intravenous injection of atropine sulphate (2 mg). 
In study 2, 12 healthy volunteers (6 men, 6 women, 
aged 21 to 27 years), including 4 of those who partici- 
> pated in the first study, were evaluated. The QT-RR 
relation was reassessed under identical physiologic con- 
ditions (resting state and dynamic exercise) before and 
2 hours after oral administration of 80 mg of proprano- 
_ Tol. Plasma levels of propranolol were measured by a 
-specific high performance liquid chromatography as- 
say” at the following times after dosing: 0, 0.25, 0.5, 
~ 0.75, 1, 1.5 and 2 hours. 
; Electrocardiographic recordings: In both studies, 
_ the electrocardiogram was recorded at a paper speed of 
<- 30.mm/s with a calibration of 20 mm/mV over 5 con- 
secutive beats at 15-minute intervals during 2 hours of 
rest (including forced inspiration and expiration contin- 
uously recorded), and during the last 15 seconds of each 
exercise workload step. Following pharmacologic inter- 
ventions, the electrocardiogram was recorded continu- 
ously from 15 to 60 seconds after each isoproterenol bo- 
-lus intravenous injection, and over 5 consecutive beats 
at different times up to 30 minutes after the atropine 
_ injection. The QT interval was measured from the ini- 


-tial downwar 
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of the QRS complex to the 


end of the T wave determined by t a described 
by Lepeschkin and Surawicz. QT and preceding RR 
intervals were measured in lead II by 2 independent ob- 
servers using a digitizing board (Houston™, 17 + 0.4 
mm precision) interfaced with a Victor S1 microcom- 
puter. These measurements resulted in about 800 data 
pairs of QT and RR intervals/subject during the first 
study and 350 QT-RR pairs/subject in the second study 
(the difference between the 2 studies proceeded from 
pharmacologic tests providing a great amount of indi- 
vidual data in study 1). 

Data analysis: The relations between QT and RR 
were studied separately for each subject on approxi- 
mately 200 individual data points resulting from rest 
and exercise recordings. We used a nonlinear regression 
analysis and fit the collected data points to the following 
exponential model: QT = A — B - Exp (—k - RR), 
where A, B and k are the regression parameters as de- 
scribed previously by Sarma et al.!5 Comparison of the 
models (between the 2 studies and before and after pro- 
pranolol) was performed using covariance analysis. To 
assess the effects of pharmacologic interventions on the 
QT interval, all individual QT data were pooled and 
averaged for the following RR interval categories: RR 
< 510 ms; 510 < RR < 549 ms; 550 < RR < 599 ms; 
and 600 < RR < 650 ms. Mean values of QT for dif- 
ferent ranges of RR during exercise and after isoproter- 
enol injections, before and after atropine, were com- 
pared by analysis of variance and linear contrast meth- 
od. A p value of <0.05 was considered Statistically 
significant. 





RESULTS 
QT-RR relation under physiologic conditions: A 
wide range of RR intervals was recorded for each study 
volunteer during rest (including forced breathing) and 
dynamic exercise. Maximal and minimal values of RR 
intervals were, respectively, 1,730 ms (35 /min) and 310 
ms (193/min) in study 1, and 1,791 ms (34/min) and 
327 ms (183/min) in the control period of study 2. 

Table I lists the individual values for A, B and k 
regression parameters of the mathematical model in 
both studies. In each case the correlation coefficient (r) 
was significant (p <0.001) and ranged between 0.96 
and 0.99. The mean + standard deviation values of the 
regression parameters were 416 + 20 for A, 858 + 208 
for B and (4.4 + 0.9) - 1073 for k in the first study; and 
423 + 27 for A; 863 + 348 for B and (4.05 + 1.03) - 
1073 for k in the second study before propranolol ad- 
ministration. Comparison of means did not show any 
significant difference in these 3 parameters between the 
2 studies (Table I). 

By pooling the RR-QT plots from the group of 11 
subjects in study 1, the formula was QT = 425 — 676 
Exp (—3.7 + 10-3 RR). Similarly the formula was QT = 
423 — 704 - Exp (—3.7 - 10-3 RR) for the 12 subjects 
during the control period in study 2 (Table I). The cal- 
culated QT-RR relation in the 11 subj : 
and the simulation of corrected 



















nd 

val. When comparing individually the equations result- 
ing from both studies, we could not find any significant 
change between the 2 periods as shown in Figure 2 for a 
representative subject. 

ic interventions: BETA-ADRENERGIC 
STIMULATION: After each intravenous bolus injection of 
isoproterenol, heart rate increased. The peak effect oc- 
curred between 30 and 45 seconds after dosing. In con- 
trast with the decrease in QT observed during exercise- 
induced tachycardia, the QT interval, after isoprotere- 


nol bolus, either remained unchanged (10 su 
even increased (1 subject). When considering the 
study group, there was no significant change in mean 
QT interval related to isoproterenol-induced tachyca 
dia (Figure 3). When RR decreased from 650 to 5 
ms after isoproterenol doses, QT only decreased from 
393 + 20 to 379 + 25 ms while it decreased from 372 + 
13 to 313 + 12 ms (p <0.05) for the same changes in 
RR during exercise. Aes 
PARASYMPATHETIC BLOCKADE: Atropine resulted in an 
increase in heart rate, which was apparent within 1 to 3 
minutes of the intravenous injection. Simultaneously a- 
decrease in QT interval was observed (Figure 3) and 
QT duration under atropine was similar to that mea 


11 subjects (n=444) 


3 


iea 1388 1568 1786 


o Study 1 
> Study 2 
=347 0.98 





the same heart rate during the exercise test. 
he isoproterenol tests were repeated after atro- 
vine, the RR-related changes in QT interval duration 
did not significantly differ from those observed during 
-exercise or after atropine alone (Figure 3). 
BETA-ADRENERGIC BLOCKADE: In study 2, the mean 
_ plasma concentration of propranolol was 51 + 35 ng/ 

~ mi, 2 hours after administration of the 80-mg oral dose. 
In 3 subjects, the plasma concentration was <30 ng/ml 
and these subjects were excluded from the study be- 
cause of lack of sufficient 8 blockade. In the 9 remain- 
ing subjects, propranolol plasma concentrations ranged 
from 30 to 127 ng/ml (mean 63 + 31.5). In these 9 
subjects, when considering the individual QT-RR rela- 
tion, propranolol did not result in any significant change 
_ in QT adaptation to RR duration at rest and during 

exercise. The only observed change was a decrease in 
exercise-induced tachycardia and an increase in forced 
expiration bradycardia, which were related to 8 block- 

ade resulting in a right shift of the QT-RR curves (Fig- 
ure 4). By pooling the individual data in these subjects, 
_ the QT-RR relation was: QT = 424 — 1082 - Exp 
(4.5 - 1073 RR) after propranolol and was not signifi- 
cantly different from the equation calculated before 
-+ propranolol. 









The results of this study show that, in young healthy 
volunteers, QT duration at rest and during exercise is 
related to the preceding RR according to an exponential 
model: QT = A — B- Exp (—k - RR), where A, B and 
k are regression parameters. An acute B-adrenergic 
stimulation by isoproterenol, without parasympathetic 
blockade, results in abrupt increases in heart rate with- 
out any shortening in QT interval duration (QT even 
increased in 1 subject after isoproterenol bolus). By con- 
trast, during parasympathetic blockade with atropine, 
the QT-RR relation remains normal, similar to that ob- 
served during exercise. When isoproterenol is given af- 
ter atropine, QT interval shortens appropriately for 
heart rate. Beta-adrenergic blockade by oral proprano- 
lol does not modify the QT-RR relation. 

Because QT duration varies with heart rate, any ob- 
served change in QT interval on surface electrocardio- 
gram may be difficult to interpret. This is especially 
true in patients who are treated with QT-lengthening 
antiarrhythmic drugs. The most widely used formula is 
Bazett’s, which assumes a square-root relation between 
RR and QT interval. However, Bazett’s formula has 
been recently shown to be inaccurate under different 
physiologic conditions.'*!8 Milne et al!8 found that as- 
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: _ FIGURE 3. Averaged QT values for different ranges of cardiac cycle length: exercise, parasympathetic blockade (atropine) and 
isoproterenol sympathetic stimulation before and after atropine. *p <0.05. oh ah me 






rug-induced changes in QT interval were 

eo ing Bazett’s formula; they suggest measur- 

“in identical cardiac pacing rates before and af- 

er drug therapy. In a recent study, Sarma et al!> char- 
cterized the individual QT-RR relations by an expo- 

nential formula where QT = A — B- Exp (—k - RR) 
and showed this to be the best mathematical model to 
describe the QT-RR relation during exercise and cardi- 
ac pacing. We confirmed this observation and showed 
that over a wide range of RR intervals (300 to 1,700 
ms) the exponential model described the QT-RR rela- 
tion in each subject with high correlation coefficients. 
Furthermore, when the QT-RR relation was reassessed 
under the same conditions 10 months later in the same 
subjects, no significant change was observed between 


¥ . the 2 periods. 


“The increase in heart rate observed during dynamic 
exercise results from both parasympathetic blockade 
and sympathetic stimulation. Therefore QT-interval 
shortening during exercise may also result from these 
autonomic modifications. The results of this study sug- 
gest that regulation of the QT interval during exercise is 
mainly under parasympathetic control because atropine 
mimicked the effects of exercise while isolated acute 8- 
adrenergic stimulation did not result in QT interval 
shortening. Browne et al?* have shown that QT interval 
was prolonged during sleep in healthy volunteers, and 
that this increase could be attributed to either an in- 
crease in vagal tone or a sympathetic withdrawal. They 
observed in a previous study!'? that when heart rate was 
> maintained constant by cardiac pacing, atropine re- 

sulted in a decrease in QT interval duration. Similar 
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results were obtained by Ahnve and Milne.!ë The ef- 
fects of isolated 6-adrenergic stimulation by isoprotere- 
nol in man remain controversial. We observed no short- 
ening in QT interval over 3 minutes when heart ra 
abruptly increased after isoproterenol injections; in con- 
trast Kawataki et al?5 showed that isoproterenol infu- 
sions decreased QT duration. This discrepancy could be — 
explained by the differences in isoproterenol administra- 
tion (bolus vs continuous intravenous infusions). An in- 
crease in dispersion of ventricular repolarization may 
follow abrupt changes in sympathetic tone while longer — 
period of administration may allow a more synchro- 
nized repolarization. This hypothesis is supported by the _ 
work of Abildskov,26 who showed in anesthetized dogs _ 
that a brief sympathetic nerve stimulation increased QT 
interval while a prolonged stimulation was followed by a 
reduction in QT. In the same study, the effects of rapid 
catecholamine injections were similar to the QT prolon- 
gation we observed in RR interval reduction. ; 
The effects of propranolol on QT duration remain 
controversial. Browne et al? showed that at a constan 
stimulated heart rate propranolol resulted in no signifi 
cant change in QT. However, Milne et al'? observed 
increase in QT interval in 10 patients and no change in 
5 patients after intravenous propranolol when heart rate. 
was maintained constant by pacing. Recently, Sarma et 
al? described a slight but significant biphasic action o! 
propranolol on QT resulting in a shortening during 
tachycardia and a lengthening in bradycardia. We ob- 
served no significant change in the QT-RR relation-af- 
ter 6 blockade, but we used different methods for QT 
measurements and statistical analysis of experimenta 
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ons, the B-antag 
not influence QT adaptation for heart rate. 
— In conclusion, these results show that parasympa- 
__ thetic tone is the major determinant in QT interval reg- 
ulation and confirm that Bazett’s formula does not al- 
low for an accurate correction of QT for heart rate. To 
_ date, the exponential model can only be applied to 
- young healthy subjects and further clinical studies are 
needed to establish the accuracy of this model in pa- 
tients with disease. 
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INVASIVE CARDIOLOGIST _ 
The Rockwood Clinic, a 65-physician multi-spe- 
cialty group, seeks a third cardiologist (BE/BC) for 
an invasive and consultative practice. Training in 
angioplasty is required and experience in pace- 
makers desirable. 

Competitive salary leading to early shareholder 
Status; 4 weeks vacation increasing to 6 weeks 
with shareholder status; paid CME; and many add- 
ed benefits. 

Spokane offers a wide range of cultural events, 
affordable housing, excellent schools, and unlimit- 
ed year-round recreational activities. 

CONTACT: Colleen Mooney, recruitment Coor- 
dinator; Rockwood Clinic; E. 400 Fifth Ave.: Spo- 
kane, WA. 99202. 







































































CARDIOLOGIST 


CARDIOLOGIST to join cardiology department of multi-specialty 
Clinic. Position requires expertise in invasive/non-invasive proce- 
dures. Cardiology team includes cv/thoracic surgeon. Competitive 
guaranteed salary with bonus incentive plan, malpractice insur- 
ance, relocation expense and interview expense included in bene- 
fits package. Enjoy a sub-tropical climate on the Texas Gulf Coast. 
Location is attractive to those who enjoy outdoor sports such as 
fishing, golf, and sailing. Look into joining our great team. Contact: 
Amanda Fuhro, Valley Diagnostic Medical & Surgical Clinic, P.A., 
2200 Haine Drive, Harlingen, Texas, (512) 421-8199. 























































INVASIVE CARDIOLOGIST - 60 M.D. Multi- 
specialty group in NW Indiana, minutes from 
Chicago, looking for group-oriented, well trained 
BE/BC Invasive Cardiologist. Candidate will 
pioneer new specialty at facility. Captive referral 
base currently referred out, With 50/50 incentive 
and current workload, could be one of highest 
earners in group. Permanent career position with 
Partnership in 1 year - No Buy In. Fringes Clinic 
paid. Most liberal vacation and PG allowance. Com- 
munity, schools, proximity to Chicago a plus. Ideal 
practice situation with growing group. CV to: 


T.R. Hofferth, Administrator 
THE HAMMOND. CLINIC 
_ 7905 Calumet Avenue | 
‘Munster, Indiana 46321 
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stress and Pharmacologic Tests as Methods to- 
dentify Patients with Wolff-Parkinson-White 
Syndrome at Risk of Sudden Death 


Fiorenzo Gaita, MD, Carla Giustetto, MD, Riccardo Riccardi, MD, Lucia Mangiardi, MD, 
and Antonio Brusca, MD 


Saas a a ay epee ace a 
L _ Noninvasive stress and pharmacologic tests with 


“procainamide and propafenone were studied as 
. methods to identify patients with Wolff-Parkinson- 


: l ‘White syndrome (WPW) who would otherwise be 
-judged at risk of sudden death on the basis of elec- 


trophysiologic criteria: the shortest RR interval 
during induced atrial fibrillation <250 ms or acces- 
sory pathway anterograde effective refractory peri- 
od <250 ms. Sixty-five patients were studied. 
Twenty-four patients fulfilled the electrophysiologic 
risk criteria (group A) and 41 patients fulfilled none 
~ of these criteria (group B). Persistence of preexci- 
tation during stress test showed a sensitivity of 
96% and a specificity of 17% to identify group A 
patients; its positive predictive value was 40% and 
negative predictive value 88%. With both procain- 
amide and propafenone tests persistence of preex- 

` citation identified group A patients with a sensitiv- 
< -ity of 96% and a specificity of 51%; their positive 

-and negative predictive value were, respectively, 53 
and 95%, Stress and pharmacologic tests have 
good sensitivity and negative predictive value, but 
low specificity and positive predictive value. 

(Am J Cardiol 1989;64:487-490) 
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(WPW) are at risk of sudden death during atrial 

fibrillation when a rapid ventricular response oc- 
curs due to conduction through the accessory pathway.? 
As sudden cardiac death is a rare event in patients with 
WPW, it is difficult to study. It has been reported to. 
occur in 0 to 4%23 of subjects, mainly in the presence of _ 
organic heart disease?“ or after some pharmacologic in- 
tervention.>> Electrophysiologic study has been used to 
identify the patients at risk for sudden death. It was 
shown in a retrospective study that in all patients with’ 
WPW with documented episodes of ventricular fibrilla- 
tion the shortest RR interval during induced atrial fi- 
brillation was <250 ms. Therefore, this value was gen- 
erally accepted for identification of patients at risk. 
Based on a limited number of observations, a correla- 


Pwr with Wolff-Parkinson- White syndrome 


tion was also found between the shortest RR interval _ 


during atrial fibrillation induced at electrophysiologic z 

study and the anterograde effective refractory period of _ 
the accessory pathway.® Noninvasive methods, suchas- 
stress’!!! and pharmacologic tests with class I antiar- 
rhythmic drugs,?"!4 have been proposed to identify på- 

tients at risk of a rapid ventricular response during atri- 

al fibrillation, with conflicting results. Discrepancies are 

probably due to a small number of patients in some se-. 


ries,?!! differences in the population and the use of dif- 


ferent drugs, dosages and rate of administration during 
pharmacologic tests.?"!4 i 
We report the results of 3 noninvasive methods (1 
stress and 2 pharmacologic tests) in the identification of 
patients that would otherwise be judged at risk on the 
basis of electrophysiologic study results. We examined a ; 
large series of consecutive patients with sinus rhythm » 
and permanent WPW pattern on the resting electrocar- 
diogram; all subjects performed both the stress and the 
2 pharmacologic tests using procainamide and propa- 
fenone. To our knowledge this latter class I antiarrhyth- 
mic agent has not been used before for this purpose. 


METHODS a 
Sixty-five consecutive patients with permanent 
preexcitation on the resting electrocardiogram were | 
studied. The study group included 46 men and 19 wom- : 
en with a mean age of 28 + 14 years (range 8 to 61) 
Fifty patients had been referred for electrophysiolo 
assessment due to palpitations, syncope or both, and 15 
asymptomatic patients for evaluation of risk for profi 
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and Electrocardiographic Features 





“| Sex: M/F 
“| Mean age (yrs) 
|. Accessory pathway site 
























Right posterior paraseptal 3 7 
<o Left posterior paraseptal 7 6 
Anterior paraseptal 2 5 
Left lateral 11 14 
Right anterior — 9 
Multiple bundle 1 — 
Symptoms and electrocardio- 
graphic features 
Atrial fibrillation 8 (3 syncope, 3 (1 angina, 
3 presyncope, 1 syncope) 
1 angina, 
1 dyspnea) 
Orthodromic reciprocating 2 6 (1 syncope) 
tachycardia 
Antidromic reciprocating 1 (1 syncope) — 
tachycardia 
Supraventricular ae 1 
premature beats 
Palpitations 9 (4 syncope) 
Asymptomatic 4 



















































TABLE If Statistical Analysis 








Stress Procainamide 
Sensitivity (%) 96 
“Specificity (%) 17 
Positive predictive 40 
value (%) 
Negative predictive 88 


value (%) 








sional reasons. In 63 of the 65 patients organic heart 
disease was ruled out by physical examination, chest 
-roentgenography or 1- or 2-dimensional echocardiogra- 
_ phy. One patient had Ebstein’s anomaly of the tricuspid 
-- Valve; in the remaining patient a mild dilatative cardio- 
myopathy was diagnosed. No patient had received ami- 
odarone in the preceding 6 months. All other antiar- 
thythmic medications had been discontinued for at least 
5 half-lives. All patients underwent electrophysiologic 
_ study, stress and pharmacologic tests with procainamide 
= and propafenone. 

: _Electrophysiologic study: The study was performed 
according to the standard technique.'> Three standard 
catheters were positioned to record high lateral right 
„atrium, coronary sinus, His bundle and right ventricular 
_ electrograms. The anterograde effective refractory peri- 
od of the accessory pathway was determined during 
atrial pacing at a cycle length of 600 ms or, when the 
spontaneous rate was higher, at a rate of 10 beats high- 
er than the spontaneous rate. Induction of atrial fibrilla- 
tion was attempted by (1) single and double extrastimu- 
- li during pacing at a cycle length of 600 and 400 ms; (2) 
remental atrial pacing up to a rate of 250 beats/min; 
and (3) atrial bursts with a cycle length from 200 to 70 





Treadmill stress tes All ts were exercisec 
to maximal physical capacity, following the Bruce pro 
tocol. The electrocardiogram was continuously moni: 
tored and a 12-lead electrocardiogram was recorded a’ 
l-minute intervals. Only sudden, complete normaliza- 
tion of the QRS complex was taken into consideration 
and defined as total loss of 6 wave with resultant narrow 
QRS complex’ that occurred during exercise. 

Pharmacologic tests: Pharmacologic tests were per- 
formed during sinus rhythm. Procainamide was given 
intravenously at a maximal dose of 10 mg/kg of body 
weight, at a rate of 100 mg/min. Propafenone was ad- 
ministered intravenously at a maximal dose of 1.5 mg/ 
kg at a rate of 15 mg/min. A 12-lead electrocardiogram 
was recorded every minute during the injection. The re- 
cording was stopped 10 minutes after the end of the 
injection if no block in the accessory pathway occurred. 
A minimal interval of 24 hours elapsed between the 2 
pharmacologic tests. 

Patients were divided into 2 groups (Table I) accord- 
ing to the following criteria. Group A patients (24 sub- 
jects) had the shortest RR interval <250 ms between 
preexcited beats during induced atrial fibrillation (or, 
when atrial fibrillation of at least 30 seconds was not 
induced, during 30 seconds of atrial fibrillation sus- 
tained by atrial bursts) (19 patients) or effective refrac- 
tory period of the accessory pathway <250 ms (5 pa- 
tients). Group B patients (41 subjects) had both the 
shortest RR interval between preexcited beats during 
induced atrial fibrillation (or atrial fibrillation sustained 
by atrial bursts) and anterograde effective refractory 
period of the accessory pathway >250 ms. 

Statistical analysis: Sensitivity, specificity, positive 
predictive value and negative predictive value of each 
noninvasive test were assessed, using the electrophysio- 
logic study as a reference standard. A true positive and 
a false negative were defined, respectively, as the persis- 
tence and the disappearance of preexcitation in group A 
patients. A true negative and a false positive were de- 
fined, respectively, as the disappearance and the persis- 
tence of preexcitation in group B. Moreover, we consid- 
ered the shortest value between the minimum RR inter- 
val during atrial fibrillation and accessory pathway 
anterograde effective refractory period in each patient 
and looked for the value that could be predicted by non- 
invasive tests with the best combination of sensitivity, 
specificity, positive and negative predictive value. ! 


RESULTS 

Results are summarized in Figure 1 and Table II. 

Stress test: Sudden anterograde block in the acces- 
sory pathway occurred during exercise in 1 of the 24 
group A patients (4%), who had the shortest RR inter- 
val during induced atrial fibrillation of 180 ms. Sudden 
anterograde block of conduction over the accessory 
pathway occurred during exercise in 7 of 41 group B. 
patients (17%). In 10 patients (2 group A and 8 group 
B patients) normalization of the QRS complex was. 
gradual; they were not considered to have block in the 















-accessory pathway. 


est had a sensitivity of 96% and a specificity 
itive predictive value was 40% and negative 
edictive value was 88%. 

Persistence of preexcitation at exercise test showed a 

sitivity of 96%, a specificity of 55%, a positive predic- 
‘tive value of 91% and a negative predictive value of 75% 
to predict the shortest RR interval/anterograde effec- 
tive refractory period of the accessory pathway <320 
ms at electrophysiologic study. 

Procainamide test: Anterograde block in the acces- 
sory pathway occurred in 1 group A patient (4%) with 
the shortest RR interval of 250 ms. Preexcitation disap- 
peared in 21 (51%) group B patients. 

The procainamide test showed a sensitivity of 96% 
, and a specificity of 51%; positive predictive value was 
53% and negative predictive value was 95%. 

Persistence of preexcitation at procainamide test 
predicted a minimum RR interval/anterograde effec- 

tive refractory period of the accessory pathway <250 
ms with a sensitivity of 100%, a specificity of 46%, a 
- positive predictive value of 43% and a negative predic- 
tive value of 100%. 


a 


a 


STRESS TEST 


PROCAI NAMI DE 


tests: The 2 tests gave the same results in 

with the exception of 2 group B patien 
preexcitation disappeared with propafenone and persist- 
ed with procainamide; in the other the opposite was ob- 
served (i.e., block in the accessory pathway occurred 
with procainamide, but not with propafenone). Sensitiv-. 
ity, specificity, positive and negative predictive value. 
were the same for the 2 drugs, both in identifying pa- 


tients at risk and in predicting the shortest RR interval/ 
accessory pathway anterograde effective refractory peris. 


od at electrophysiologic study. Basal sinus rate was sim- 
ilar in each patient during the 2 pharmacologic tests 
and it did not vary significantly during drug administra- 
tion. 


DISCUSSION 

The purpose of our study was to evaluate the sensi- 
tivity, specificity and predictive value of noninvasive 
tests to identify the patients with WPW considered at 
risk, adopting as a reference standard electrophysiologic 
study results. ; 





PROPAFENONE 


FIGURE 1. For each patient, noninvasive test results are plotted against the shortest value between minimum RR interval 
induced atr fibrillation (RR) and anterograde effective refractory period of the accessory pathway (ERP). Circle, preexcitation 


period of the accessory pathway. 
to il refractoriness; all the 













The stress test showed good sensitivity and negative 
_ predictive value. However, inour series, 1 of 8 patients 
-would not have been considered at risk on the basis of 
`r this test. This limitation together with its very low speci- 
- ficity and positive predictive value make the stress test 
-of rather limited value in risk stratification of the pa- 
tients. The pharmacologic tests showed good sensitivity 
and negative predictive value, but again low specificity 
and positive predictive value. Therefore, under the con- 
ditions of this study, the disappearance of preexcitation 
identified patients who were very unlikely to be at risk, 
while persistence of preexcitation at stress or pharmaco- 
logic tests did not give any information. 

A new pharmacologic test was carried out in the 
present study using propafenone, a new class I antiar- 
rhythmic drug, to verify its sensitivity and specificity 
compared to procainamide. At the dosage and rate of 
administration used in our study, the 2 drugs behaved in 
a very similar way. 

We observed that conduction block in the accessory 
pathway at stress test occurred in patients in whom the 
shortest RR interval or accessory pathway anterograde 
effective refractory period during electrophysiologic 
study was 2320 ms, with rare exceptions. Disappear- 
_ ance of preexcitation was observed during pharmacolog- 

ic tests in patients with the shortest RR interval and 
accessory pathway anterograde effective refractory peri- 
od 2250 ms. These data are very close to those reported 
by Eshchar et al? 
A much lower sensitivity of procainamide test has 
been reported by other investigators.!!!4 Differences in 
results of pharmacologic tests between different groups 
,__ Telate to (1) differences in patients, such as high per- 
< centage of subjects with proven ventricular fibrillation, 
inclusion of asymptomatic patients and prevalence of 
`. patients with long anterograde effective refractory peri- 
od of the accessory pathway (as in the present series) or 
inclusion of patients with intermittent WPW;!! (2) atri- 
„al fibrillation present at the time of drug administra- 
tion! instead of sinus rhythm (as in the majority of the 
studies);>!> and (3) differences in drug doses and rates 
of drug administration. Furthermore, blood levels of the 
_ various drugs have never been reported. Under these 
circumstances comparison with other studies becomes 
difficult or even impossible. The interpretation of the 
results of a noninvasive test in a patient with WPW 
should take into consideration the clinical aspects of 
each single case and the value of the electrophysiologic 
- study for risk stratification. 


In the current study and in other studies®!2 some 
40% of the subjects would have been considered at risk 
of sudden death on the basis of the commonly accepted 
electrophysiologic criteria. On the other hand it is well 
known that the incidence of sudden death in WPW is 
very low, although not exactly defined, as it varies from 
0 to 4%.3 Therefore, electrophysiologic criteria have 
very low specificity. Furthermore, in a recent retrospec- 
tive study'® sensitivity of the electrophysiologic study 
was only 87.5%. It is reasonable that further prospective 
studies taking into consideration other risk markers, 
such as presence of organic heart disease and tendency 
to atrial fibrillation, will address the problem with more 
success. 
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intervais. i.e., a setting more similar to ordinary clinical use. the most 
commonly recorded reactions were: dry mouth 47%, constipation 16% 
fatigue 12%, somnolence 10%, asthenia 6%, dizziness 6%, headache 
4%, and insomnia 4% 

Reasons for dropouts among patients who received quantacine 
were: somnolence, dry mouth, dizziness. impotence, constipation. 
contusion, depression, and palpitations, 

in the clonidine guantacine comparison described in Clinical 
Pharmacology, the mosi common adverse reactions noted were: 


Guantacine in = 279) Clonidine (n= 278) 


Ory mouth 20% 37% 
Somnolence 21% 35% 
Dizziness 11% 8% 
Constipation 10% 5% 
Fatigue 9% 8% 
Headache 4% 4% 
insomnia 4% 3% 


Adverse reactions occurring in 3% or less of patients in the three 
controlled triais were: 


Cardiovascular- bradycardia, palpitations. substernal pain 

Gastrointestinal abdominal pain, diarrhea, dyspepsia, dysphagia, 
nausea 

CNS— amnesia, confusion, depression. insomnia, libido 
decrease 

ENT disorders—- rhinitis, taste perversion, tinnitus 

Eye disorders— conjunctivitis, iritis, vision disturbance 

Musculoskeletal leg cramps, hypokinesia 


Respiratory—~ dyspnea 

Dermatologic dermatitis, pruritus, purpura. sweating 
Urogenitat-— testicular disorder, urinary incontinence 
Other— malaise, paresthesia, paresis 


Adverse reaction reports tend to decrease over time. In an open-label 
trial of one year's duration, 580 hypertensive subjects were given 
guantacine. titrated to achieve goal blood pressure, alone (51%), with 
diuretic (38%), with beta blocker (3%), with diuretic plus beta blocker 
(6%), or with diuretic plus vasodilator (2%). The mean daily dose of 
guantacine reached was 4.7 mg. 








There were 41 premature terminations because of adverse reactions Adverse Reaction boven al any time adverse ana 
in this study. The percent of Patients who terminated and the dose at during the study at end of one year 
which they terminated were as follows: = Tae Oe 

N 580 580 
Dry mouth 60% 15% 
Dose: Piacebo 05mg im 2m 3m Drowsiness 33% 6% 
Dizziness 15% 1% 
Constipation 14% 3% 
Terminated: 6.9% 4.2% 3.2% 69% 83% 








Reasons for dropouts among patients who received guanfacine 
were: somnolence, headache, weakness, dry mouth, dizziness, 
impotence, insomnia, constipation, syncope, urnary incontinence, 
conjunctivitis, paresthesia, and dermatitis. 

In a second placebo-controtled study in which the dose could be 
adjusted upward to 3 mg per day in 1-mg increments at 3-week 
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brupt Homeostatic Responses to Transient _ 
intracardiac Occlusion During Balloon 
Valvuloplasty 
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Manuel Sancho, MD, Joaquin Ruiz de Castroviejo, MD, Inmaculada Tejero, MD, as 
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The present study analyzes the hemodynamics of 
intracardiac occlusive periods during balloon mitral 
or aortic valvuloplasty and compares them with im- 
mediate plasma levels of atrial natriuretic factor 
(ANF), vasopressin and renin activity. Forty-nine 
patients were studied; 33 of them had mitral steno- 
sis and 16 had aortic stenosis. The mean age was 
52 + 17 years. During dilations pressures were 
monitored from the ascending aorta and left atri- 
um. Plasma levels of ANF, vasopressin and renin 
were serially determined at baseline, after diagnos- 
tic procedures, within 15 to 30 seconds after the 
first 2 occlusive dilations, and 1 and 7 hours later. 
-There were no significant changes in plasma renin 
throughout the study stages. ANF and vasopressin 
gnificantly increased after the dilations. These 
hormonal changes were related to the significant 
hemodynamic changes observed during intracardi- 
ac occlusion. The left atrial pressure correlated di- 


rectly and significantly (r = 0.54, p <0.001) with 
- plasma ANF levels throughout the conditions. On 


o the other hand, the plasma vasopressin also corre- 


lated (r = 0.76, p <0.001) with systemic pressure 

in an exponential fashion. These findings show that 
abrupt releases of ANF and vasopressin occur im- 
mediately after intracardiac occlusive periods as a 


-EL response to the acute and transient hemodynamic 


oe changes observed. 
(Am J Cardiol 1989;64:491-497) 
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plasty for the treatment of stenotic cardiac valves. 

has allowed observations on the adaptation of the 
intact heart to sudden and transient intracardiac oceh 
sion.! During aortic valvuloplasty, dramatic decreases 
systemic pressure coexist with. significant increases. 
left ventricular and atrial pressures. Changes in myocar- 
dial perfusion and metabolism have been detected dur- 
ing the inflation periods. Similar findings also can be 
observed during inflow ventricular occlusion at the time- 
of mitral balloon valvuloplasty. These occlusive periods 
could be a potential model for further studying the 
physiopathologic consequences of temporarily stopping _ 
cardiac output in the intact circulation. Such transient 
pressure changes could stimulate the homeostatic recep- 
tors involved in the immediate intravascular pressure- 
and volume regulation. The present study investigates 
the possible hormonal responses to transient intracardi- 
ac occlusion periods at the time of mitral or aortic bal 
loon valvuloplasty. t 


Tr development of percutaneous balloon valvulo- 


METHODS Ei 
We prospectively studied in 49 patients the hemody- 
namics and serial plasma levels of immunoreactive atri- 
al natriuretic factor (ANF), arginine vasopressin and- 
renin activity at the time of mitral (33 patients) or aor- 
tic (16 patients) balloon valvuloplasty. Each patient: 
gave written informed consent. Ages ranged from 8 to 
83 (mean 52 + 17); 15 patients were men and 34 wom- 
en. Thirty patients were in sinus rhythm; 19 had chronic 
atrial fibrillation. All patients had normal renal function | 
at the time of the study. Twenty-seven of them were in 
functional class III or IV, and 22 were in class If. 
Whenever possible (30 patients), all medications were 
withheld 24 hours before the study. We performed car- 
diac catheterization under mild sedation and heparin (1 
mg/kg). No other medication, blood or fluid infusion 


was administered during the study. Patients who had 


blood loss or any other complication during the proce-. 
dure were excluded from the study. We introduced 3. 
catheters percutaneously (2 arterial, 1 venous) in o 
aortic patients and 4 (2 arterial, 2 venous) in the mitr 
patients. The diagnostic procedures always includ 
ventricular, aortic and coronary angiograms in a 
patients, and left ventricular, pulmonary trunk and 
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__ based on echocardiographic and angiographic measure- 
ments of the anulus. 
Mitral valvuloplasty: The procedure was always a 
- Tetrograde approach as described by Babic et al.3 A sin- 
gle multiballoon catheter ranging in total diameter from 
_ 30 to 38 mm (mean 36 + 3) was inserted percutaneous- 
ly from the left femoral artery over a long guidewire 
and advanced to the level of the mitral valve. The wire 
had previously been introduced through a catheter into 
the right femoral vein and advanced transseptally 
through a Brockenbrough catheter to the left ventricle 
-and aorta, where it was subsequently drawn out of the 
_ body through the left femoral artery using an intravas- 
cular retrieval set. Once the catheter stabilized within 
the mitral valve, the balloon was inflated 1 to 4 times at 
_ 3 to 5 atmospheres. During dilation, the left additional 
catheter always monitored the pressure in the ascending 
aorta while the right catheter monitored the pressure 
changes from the left atrium or wedged pulmonary ar- 


-during occlusion and recovery (Figure 1). 





Oc e simultaneously monitore: 


pressures in the pulmonary artery, lefi 






Aortic valvuloplasty: For adult patients, we extend: 

ed our protocol from that used in congenital aortic ste- 
nosis and described elsewhere.45 A retrogradely ad- 
vanced single or multiballoon catheter, ranging in. total 
diameter from 15 to 38 mm (mean 26 + 5), was intro- 
duced percutaneously through the right femoral artery 
and positioned within the stenosis. Once the systemic 
Pressure stabilized, the balloon was fully inflated 1 to 4 
times. During dilation the left additional catheter al- 
ways monitored the pressure changes from the aorta, 
while the right catheter was positioned in the left atrium 
or wedged pulmonary artery (Figure 2). 

Flow occlusion: Flow occlusion was defined as the 
situation following technically correct tentative dila- 
tions. The situation included a fixed inflated balloon 
during predominant sinus rhythm, accompanied by dra- 
matic hemodynamic changes. Incomplete or interrupted 
occlusions (unfixed balloon) were excluded from analy- 
sis. The inflation-deflation time always was monitored 
during dilation and measured from the record tracings. 
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FIGURE 1. Individual example of 
pressure changes during inflation 
and deflation in mitral valvuloplas- 
ty. AO = aorta; LA = left atrium; 
PA = pulmonary artery. 





















FIGURE 2. Occlusion recovery he- 
modynamics in a patient during 

aortic valvuloplasty. Abbreviations 
as in Figure 1. 
















ere obtained through standard fluid-filled 

onnected to Statham P23D transducers and 

d through a Hewlett-Packard 4588 B system. 

y considered the 2 first occlusive dilations for 
comparison with hormone determination. 

Hormonal study: Plasma hormone levels of ANF, 
-vasopressin and renin were serially determined from 
blood samples (12 ml) obtained as follows: (1) at base- 
line, once the catheters were introduced; (2) after the 
diagnostic procedures; (3) and (4) within 15 to 30 sec- 
onds after the first 2 occlusive dilations, (5) 1 hour lat- 
er; and (6) 7 hours later. Blood samples were drawn 
through a catheter from the ascending aorta under all 
hemodynamic conditions, whereas the last 2 samples 
were obtained from a peripheral vein. The samples were 
< immediately placed in 3 ice-chilled disposable tubes 
-containing ethylenediaminetetraacetate (1 mg/ml). The 
plasma was separated by centrifugation for 20 minutes 


=. at 4°C. We then mixed 200 kallikrein inhibitor units of 


aprotinin (Trasylol, Bayer) per ml with that part of the 
plasma used for ANF determination. All 3 tubes were 
immediately frozen and stored at —40°C. The ANF 
¿was isolated using column chromatography on Sep-Pak 
Cys cartridges (Waters Assoc.). The vasopressin was €x- 
tracted with ethanol. Plasma renin was determined by 
quantification of generated angiotensin I. Radioimmu- 
noassay methods were applied for measurements of 


ANF, vasopressin and angiotensin 1.67 


Statistical study: Data are expressed as mean + 
standard deviation unless otherwise stated. Differences 
in group means were analyzed using the unpaired ż test. 
-The l-way analysis of variance was used to determine 
-whether there were differences between the conditions, 
“individual comparisons were performed by Scheffe’s 

test. Hormonal determinations were plotted against left 
atrial and aortic pressures, and their respective correla- 
tions were determined by linear and exponential regres- 
sion analysis. Correlation coefficients (r) were obtained 
for each comparison. The slopes of the regression curves 
were compared using the Student f test through their 
corresponding standard error allowed by automatic fit. 
Significance was established at the level of p <0.05. 


RESULTS 
Table I lists the global data and initial results of mi- 
al and aortic valvuloplasty. Figure 3 shows the mean 
values of plasma hormone levels observed through the 
various conditions. As shown, the ANF significantly in- 
creased (as did the left atrial pressure) after the diag- 
“nostic procedures. The greatest increase in ANF oc- 
-curred following the 2 first occlusive dilations. After 
that stage the ANF values returned to baseline levels as 
seen in the 1- and 7-hour samples. The vasopressin did 
not change after the diagnostic procedures, but in- 
creased significantly after dilations; the mean values 


also returned to baseline levels after 7 hours. We did not 


find significant changes in renin during these stages. 
ese hormonal changes were related to the signifi- 
ure changes observed during intracardiac oc- 
igure 4). Whereas a nonpulsatile decrease in 


TABLE Global Data 


Mitral 
Valvuloplasty 
(n = 33) 


Aortic oo 
Valvuloplasty 
(n = 16) 





Age (yrs) 50 + 10 55 +25 oA 
Sex (F) (%) 85 37 
Functional! class 
1 (%) 
I-IV (%) 
Pulmonary wedge pressure (mm Hg) 
Basai 
After 
Gradient (mm Hg) 
Basal 
After 
Valvular area (cm?) 
Basal 
After 
Pulmonary resistance (WU/ m?) 
Basal 
After 
Ejection fraction (%) 
Basal 
After 
Anulus diameter (mm) 
Balloon size (mm) 


7 (44) 
9 (56) 


15 (45) 
18 (55) 


2147 
10+7 


1446 
1048 





111441 
45420 o> 


1747 
543 


0.544019 
0.91 +0.30 


1.08 + 0.38 
2.30 + 0.80 


4945.5 
49458 


3543.2 
3743.1. 


58413. 
63 4 10 
2445 
2645 


5749 
5747 
4146 
3643 





systemic pressure was observed more frequently during 
aortic valvuloplasty (Figure 2), the dilation of the mitra 
valve frequently was associated with similar decreases i 
aortic pressure but with preserved pulsatility, which led 
to incomplete but more prolonged occlusive periods 
(Figure 1). The occlusion time was significantly shorte 
in aortic patients (29 + 18 vs 43 + 18s, p <0.001). Th 
left atrial or pulmonary wedge pressure correlated 
rectly and significantly (r = 0.54, p <0.001) with t 
corresponding plasma ANF levels throughout the 
modynamic stages (Figure 5). However, the plasm: 
ANF was not related to inflation-deflation time during 
the occlusive periods (r = 0.03, not significant). On the 
other hand, the vasopressin also correlated (r = 0.76, 
p <0.001) with systemic pressure in an exponential 
fashion (Figure 6). The slope of the curve in the mitral 
group was steeper than that observed in aortic patients 
(p <0.01). Therefore, for the same decrease in systemic 
pressure, the hormonal response was higher in mitral 
patients, probably due to longer lasting stimulus. The 
vasopressin plasma levels in aortic patients correlated 
significantly with inflation-deflation time (r = 0.70, į 
<0.001), suggesting that occlusion time also could be 
major determinant of vasopressin release in aortic 
tients. In contrast, inflation-deflation time did not corre: 
late with plasma vasopressin in mitral patients (r = 
0.26, not significant). 

In Tables II and IMI, the univariate analysis of fac- 
tors influencing baseline plasma hormone levels and 
their maximal response to balloon occlusion shows that. 
the response of ANF after occlusion was significantly 
higher in patients who were in sinus rhythm comp 
with those who had atrial fibrillation (Table I}, whe 
as the vasopressin maximal response was significan 
greater in mitral patients when compared with ao 
patients (Table HI). - eae 





DISCUSSION 

































kes a hitherto unrecorded situation that maximizes, 
during a short period, the conditions of acute heart fail- 
__ure.! The changes in pressure are dramatic and lead to 
_an anterograde reduction in flow concomitant with a 
retrograde stagnant flow. The intact circulation has to 
-suddenly adapt to such transient episodes of acute for- 
ward and backward failure induced by the mechanical 
occlusion of the heart during dilation. Thus, these thera- 
peutic procedures represent a potential model to further 
investigate the conditions of acute heart failure. The 
function of the circulation is to perfuse the tissues, and 
the body monitors the adequacy of its perfusion mainly 
by sensing the arterial pressure. In the short term this is 
achieved by pressure and volume regulation, not only 
-during physiologic pressure changes but also during ex- 
ercises and failure.’-!° Our findings show that abrupt 
: releases of ANF and vasopressin occur immediately af- 
ter the intracardiac occlusive periods. These homeostat- 
ic responses are related to the pressure changes observed 
during dilation, which in fact represents the stimulus 
evoking such releases. 
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Atrial natriure’ in the plasma lev- 
els of ANF can be stretch caused by 
volume expansion,!! | ve agents that increase 
atrial pressure,!? immersion in water!? and atrial tachy- 
cardia.'*!> These conditions provide models that have 
been used to study acutely ANF release. The increase in 
atrial pressure is the mediatory mechanism in hormonal 
release induction.'® High plasma ANF concentrations 
also occur in pathologic states such as heart, renal and 
liver failure.™!7-20 These increased concentrations de- 
crease toward normal values after successful therapy.2!- 
3 Dussaule,2? Waldman? and their co-workers have re- 
cently studied the responsiveness of plasma ANF to 
short-term changes in left atrial pressure after percuta- 
neous balloon mitral valvuloplasty. They observed an in- 
hibitory response on ANF secretion to successful reduc- 
tion in left atrial stretch. Both studies also found an un- 
explained increase in ANF within 1 to 10 minutes after 
valvuloplasty. They postulated that it could reflect a 
transient elevation of left atrial pressure during balloon 
occlusion, although their observations were not related 
to pressure changes. Our study confirms this hypothesis. 

The mechanical occlusion of the heart at the time of 
balloon valvuloplasty also can provide a model to study 
the acutely hormonal release. The intensity of the stim- 
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FIGURE 4. Aortic (top) and mitral (bottom) occlusions. The 
tions are shown. Values are expressed as mean 
error of the mean. PWP = pulmonary wedge pre 





i Factors Influencing Basal nd Postocclusive 
a Atrial Natriuretic Factor Levels 
ee : After 


Occlusion 
(pg/ml) 


Basal 
(pg/ml) 


Sex 
M 42 + 23 
F 61 +33 
Functional class 


112461 
171491 


49421 
64 + 38 


178 + 143 
134 + 65 


57 + 34 
53 4 23 


192 + 136* 
Atrial fibrillation 107 + 45 
LA dimension (cm) 
25 63 + 28 
<5 60 + 38 
PR (WU/m?) 
<4 49.4277 
24 72437 
PR/SR 
<0,13 
20.13 
EF (%) 
<54 
>54 
Type of occlusion 
Mitral 
Aortic 
Occlusion time (Ss) 
<35 51427 130 + 62 
235 63 + 34 193 + 156 
* p <0.05 vs atrial fibrillation; tp <0.05 vs 24 WU/ mê; tp <0.05 vs 20.13. 


EF = ejection fraction; LA = left atrium, PR = pulmonary resistance, SR = systemic 
resistance. 


143 + 62 
197 + 177 


172 + 135 
131 + 62 


49 + 26+ 
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1744 135 
125 + 53 


7136 
51 +28 


143 + 66 
1734147 


190 + 143 
124 467 


60 + 35 
50 + 25 





< ulus is much stronger, albeit shorter, than that provided 
. by atrial tachycardia. In our study, even a slight in- 
crease in pressure after diagnostic angiography pro- 
duced a significant increase in ANF. However, the hor- 
monal response was greater during intracardiac occlu- 
sions, and showed a direct relation to the significant 
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© AORTIC 
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plasma atrial natriuretic factor (ANF) during the hemody- 
tages in mitral and aortic valvuloplasty. The global 


yn coefficient (r) is 0.54 (p <0.001). 


TABLE INI Factors Influencing Basal and Postocclusive 
Arginine Vasopressin Plasma Levels ee ee 


After a 
Occlusion - 
(pg/ml) 


Basal 
(pg/ml) 


Sex 
M 32 + 39* 
F 1144 46 
Functional class 
101 + 42 
113461 


83 + 55 

Atrial fibrillation 115 + 54 
PR (WU/m?) 

86 + 56 

111+ 57 


91 +54 
107 + 68 


103 + 68 
95 + 56 
Type of occlusion 
Mitral 
Aortic 
Occlusion time (s) 
<35 
235 


* p <0.001 vs female; t p <0.001 vs aortic: +p <0.001 vs 235s. 


126 £351 
34 + 36 


51 + 43¢ 
124 + 45 


increase observed in left atrial pressure. Besides, repeat- 
ed stimulations of the ANF secretory system seem to. 
enhance ANF release.** The ANF response was signifi- 
cantly greater among our patients in sinus rhythm than 
the response observed in patients with atrial fibrillation. 
This finding was in accordance with the observations of _ 
Dussaule et al,22 who found an inappropriate respons 

in patients with atrial fibrillation to changes in left atr 

al pressure induced by successful mitral balloon valvulo- 
plasty. A decreased response to both inhibitory” and 
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@ MITRAL (r=0.86) 
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tral and aortic valvuloplasty. The 
(r) is 0.76 (p <0.001). The slopes of 


aortic) are significantly 








8 
an endocrine dysfunction of the atrial 
4yocites could occur in patients with chronic atrial 
~ fibrillation. 
Vasopressin: The 2 main physiologic stimuli evok- 
ing vasopressin secretion are the increase in plasma os- 
molarity and the decrease of extracellular volume. Va- 
sopressin has both antidiuretic and vasoconstrictive 
properties, although the effects of the latter on arterial 
Pressure are normally canceled by baroreflex mecha- 
nisms.2> Over a certain osmolarity threshold (280 
mOsm/kg), an increase in plasma osmolarity is fol- 
lowed by an increase in plasma vasopressin levels. 
Thereafter, the release of osmotic vasopressin is directly 
related to plasma osmolarity. In contrast, the nonosmo- 
tic, baroreceptor-mediated, release of vasopressin is 
mainly evoked by volume depletion.© Situations such as 
hemorrhage or reduced cardiac output produce an in- 
Crease in vasopressin, irrespective of plasma osmolarity. 
In conditions of intracardiac occlusion, the forward de- 
crease in systemic pressure mimics situations like hem- 
orrhage or reduced cardiac output that stimulate an 
abrupt vasopressin release from the hypothalamus. The 
vasopressin release to such stimulus follows an exponen 
tial type of response (Figure 6), as has been observed 
-< in the isotonic volume depletions of rats.2’ Pathologic 
-states such as acute myocardial infarction have been 
used to clinically study the nonosmotic release of vaso- 
pressin.? Again, the intensity of the stimulus is greater 
and shorter during balloon intracardiac occlusion, which 
provides a mechanical model to further study the imme- 
diate neurohumoral responses to a suddenly diminished 
pumping capacity of the heart. 
We did not observe clinical or hemodynamic factors 
_ influencing baseline plasma vasopressin levels, In fact, 
most patients had normal systemic pressure during 
baseline conditions. However, we observed a higher hor- 
monal response in mitral patients compared with that 
observed in aortic patients, which seems to be related to 
more prolonged occlusive periods during mitral valvulo- 
plasty. Prolongation of the stimulus (low arterial pres- 
sure) generates higher hormonal responses than the 
shorter occlusive periods observed in aortic valvuloplas- 
ty. The predominance of female patients in the mitral 
valvuloplasty group (Table I) also explains the observed 
differences when compared with the male responses 
(Table III). 
Limitations and clinical implications: In the present 
_ Study, our search for early hormone responses led us to 
a design in which blood samples were withdrawn from a 
Single site (ascending aorta) and within seconds after 
occlusive dilations. This could lead to response underes- 
timation or to failure to detect delayed responses. Be- 
sides, the total amount of blood samples also limited the 
number of hormone responses studied. It is conceivable 
that other neuroendocrine systems involved in immedi- 
ate pressure-volume regulation also might be stimulated 
uring occlusive dilations. Plasma catecholamines were 
iot measured in this study, although they may be of 
rime importance in the immediate regulation of vascu- 
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The homeostatic effects of these abrupt and simulta- 
neous hormone releases are complex and deserve further 
investigation. The pressor effect of vasopressin, together 
with a presumable adrenergic response, could provide 
fast control of the arterial pressure after intracardiac 
occlusion, which would explain the good tolerance of 
these procedures. On the contrary, the simultaneous re- 
lease of ANF would produce vasorelaxant and natri- 
uretic effects. In fact, we have detected an increased 
natriuresis in the hour following aortic dilation in pa- 
tients with congenital aortic stenosis. Thus, both antago- 
nistic activities of vasopressin and ANF-—simultaneous- 
ly released after intracardiac occlusion—could conflict 
with each other. 
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Myocardial ischemia, fibrosis and infarction may 
occur in patients with hypertrophic cardiomyopathy 
(HC) in the absence of epicardial coronary artery 
disease. To determine their prevalence and relation 
with common characteristics, stress thallium-201 
scintigraphy was performed in 28 patients. Eleven 
(39%) had positive scans despite normal epicardial 
coronary arteries (7 patients) or a pretest risk of 
coronary disease <5% (4 patients). There was no 
relation between thallium defects and age, sex, 
chest pain or outflow tract gradients at res . How- 
< ever, the mean left ventricular ejection fraction was 
significantly lower in those with pertusion abnor- 
malities compared with those without (64+ 15 vs 
< 75 + 11%, respectively, p <0.05). Also, the mean 
-= ventricular septal thickness was greater in patients 
-with positive scans (27 + 7 vs 21 +6 mm, p 
<0.05), and there was a nonparametric relation be- 
tween increasing septal thickness and the frequen- 
` ey of positive scans (p <0.025). Seven of 11 pa- 
tients with positive scans had ventricular tachycar- 
dia compared with none among those who had 
negative scans (p <0.001), and 5 of these 11 pa- 
tients had conduction system disease requiring per- 
“manent pacemaker insertion compared with 1 of 
17 with negative scans {p <0.025). It is concluded 
_ . that thallium perfusion abnormalities are common 
-in patients with HC in the absence of epicardial cor- 
onary disease, and are strongly associated with po- 
tentially lethal arrhythmias. Thallium scintigraphy 
- appears to identify a subset of patients with HC at 
increased risk for sudden death, who therefore re- 
`- quire closer follow-up. 
(Am J Cardiol 1989;64:498-503) 
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tients with hypertrophic cardiomyopathy (HC) de- 

spite a prevalence of epicardial coronary artery dis- 
ease that is comparable with that of age- and sex-ad- 
justed populations without HC (approximately 25% at 
ages older than 40 years).!-2 Potential mechanisms for 
myocardial ischemia despite normal epicardial vessels 
include decreased vasodilator reserve,’ probably related 
to left ventricular hypertrophy per set and abnormalities 
of the small intramyocardial arteries,*© abnormalities in 
diastolic relaxation and filling that may impede myocar- 
dial oxygen delivery’ and increased oxygen demand due 
to dynamic outflow tract gradients. 

Sudden death is the most common cause of mortali- 
ty in HC.? Evidence in patients with coronary, valvular 
and hypertensive heart disease suggests that lethal ven- 
tricular arrhythmias leading to sudden cardiac death 
are related primarily to the presence of ischemia-in- 
duced fibrosis or scar.'° Therefore, detection of myocar- 
dial ischemia may assist in identifying patients with HC 
at risk for sudden death due to arrhythmias. The cur- 
rent study assesses the utility of thallium-201 myocardi- 
al scintigraphy for this purpose and relates the presence 
of perfusion abnormalities to age, chest pain, severity of 
myocardial hypertrophy, outflow tract gradients at rest, 
left ventricular ejection fraction, ventricular arrhyth- 
mias and conduction system disease. 


METHODS 

Patient population: The study group consisted of 38 
Consecutive patients confirmed by echocardiography to 
have HC, defined as asymmetric septal hypertrophy 
without cavity dilation in the absence of an apparent 
cause. The severity of left ventricular hypertrophy was 
assessed by 2-dimensional echocardiography-guided M- 
mode measurements of the ventricular septum and pos- 
terior wall, using the parasternal long-axis view accord- 
ing to the criteria of the American Society of Echocar- 
diography.'! Although more quantitative methods of 
assessing the degree of left ventricular hypertrophy have 
been described using 2-dimensional echocardiographic 
measurements,'* some of our patients did not have 
high-quality parasternal short-axis 2-dimensional im- 
ages. However, all had parasternal windows adequate 
for M-mode measurements, which are not as complete, 
but provide an accepted measure of the degree of hyper- 
trophy. 

Thallium imaging: Thallium-201 myocardial scintig- 
raphy was performed in all patients in the fasting state _ 
using treadmill exercise (Bruce protocol), or a combina- . 
tion of intravenous dipyrid: mole. kg) infused — 


[es chest pain is a common symptom among pa- 


















‘nutes and followed by symptom-limited tread- 


Treadmill exercise without the use of intra- 
yridamole was considered to be acceptable 

nly if patients reached a heart rate X blood pressure 
product >20,000 at peak exercise. The intravenous di- 
pyridamole and symptom-limited stress protocol was 
used when this criterion was not met. All subjects ad- 
ministered intravenous dipyridamole had given in- 
formed consent and were studied by a protocol ap- 
proved by the institutional review board for human in- 


<o vestigation. Those patients who were taking 6-blocking 


© drugs were allowed to take these medications until the 
morning of their thallium study, because of our desire to 


= obtain informed consent from as many patients as possi- 


< ble, and because the data of Leppo et al!3 indicate that 


the sensitivity and specificity of thallium scintigraphy 


“after intravenous dipyridamole is not affected by 8 
blockers. The dose of dipyridamole was selected to de- 
crease the risk of side effects and has been reported to 
produce, on average, 85% of maximal coronary vasodi- 

_ lation.'4 

Each patient was exercised to maximal tolerated 
stress, at which time 2 mCi of thallium-201 was inject- 
ed and exercise continued for another 30 to 60 seconds. 

Acquisition of thallium images was begun 10 minutes 

later using a small field of view gamma camera 

equipped with a high resolution slant-hole collimator. 

Planar images were obtained in 40° left anterior 

oblique, 40° left anterior oblique with 30° caudal angu- 

lation, anterior and 70° left anterior oblique (decubitus) 
views until 500,000 counts were acquired or for 10 min- 

- tes, whichever occurred first. Delayed images were ac- 
quired in the same projections 3 hours later. 

Images were interpreted for regional thallium up- 
take and redistribution by 2 independent observers us- 

ing qualitative methods described by investigators at the 

Massachusetts General Hospital. Each segment was 
graded from 0 to 2 in 0.5 increments, with 2 being max- 
imal activity in any given image.!? Scans were also ana- 
lyzed using the quantitative horizontal profile method of 
Watson et al.!5 According to this method, a segment 
was considered abnormal when there was a 225% re- 
duction in regional thallium uptake compared with the 
region of highest uptake in that image, except for inferi- 
or defects, which required a 235% reduction. Isolated, 


` fixed apical or upper septal defects were not considered 


to be abnormal. Differences in interpretation were re- 
solved by consensus. 

Cardiac catheterization and coronary angiography: 
Patients undergoing cardiac catheterization were stud- 
ied by standard techniques with catheter insertion into a 
brachial or femoral artery within 90 days of positive 
thallium scans. Those patients not undergoing catheter- 
ization had outflow tract gradients at rest measured by 
continuous-wave Doppler echocardiography. A high 
-correlation has been demonstrated between outflow 

tract gradients derived simultaneously by these 2 tech- 


ntricular ejection fraction: All patients un- 
supine radionuclide angiography at rest after 
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modified in vivo labeling of red blood cells with 20 to 25 
mCi of technetium-99m. Data were acquired in a 64 X- 
64 matrix in the left anterior oblique view that provided 
optimal separation of the right and left ventricles, using 
a 20 frame/cycle format gated to the R wave of the 
electrocardiogram. Raw data were subjected to 9-point. 
spatial (CO = 0.1) and 3-point temporal (CO = 0.15) > 
smoothing. The ejection fraction was calculated witha ~ 


semiautomated program (Medical Data Systems) using _ 


a region of interest positioned around the left ventricle. 
Each ejection fraction was verified by visual display of 
dynamic images. If this interpretation did not agree 
with the calculated result, the data were processed man: 
ually. i 
Ambulatory monitoring: All patients had undergone 
24-hour periods of ambulatory electrocardiographic 
monitoring during their initial evaluation. Ambulatory.. 
recordings were repeated annually or more frequently, © 
depending on clinical status and the results of prior peri- 
ods of monitoring. o 
Statistical methods: Before undergoing thallium: 
scintigraphy, all patients had their probability of signifi- 
cant-coronary artery disease estimated based upon their 
age, sex, symptoms, electrocardiogram, history of prior — 
myocardial infarction and risk factors.!7 This informa- 
tion was helpful in eliminating those patients with posi- 
tive thallium scans who were unwilling to give informed 
consent to coronary arteriography or whose clinical sta-. 
tus made them unsatisfactory candidates for bypass sur- 
gery. 
Statistical analysis was performed using convention: 
al methods for small samples. Differences were com: 
pared by 2-tailed Student ¢ test or Fisher’s exact test, 
using p <0.05 as statistically significant. The Kolmo- 
gorov-Smirnov 2-sample test was used to analyze the | 
relation between nonparametric distributions. a 


RESULTS 

Ten of 38 patients were eliminated from analysis. Of 
these, 3 were excluded because of significant epicardial _ 
coronary artery disease (defined as 250% luminal di- — 
ameter narrowing of 21 major epicardial arteries), 3- 
others because of a positive thallium scan and an un- 
willingness to give informed consent for arteriography, 1 
patient who was unsuitable for coronary bypass surgery 
because of age and clinical status and 3 because they 
faled to reach a heart rate X blood pressure product: 
>20,000 at the time of peak exercise stress. The 28 pa- 
tients entered into analysis included 15 men and 13 
women with a mean age of 47 + 16 years. 

Results of thallium-201 scintigraphy: Eleven of the 
28 patients (39%) had positive thallium scans. Anexo 
ample is shown in Figure 1. Seven of 11 had normal- 
epicardial coronary arteries at arteriography, while each — 
of the remaining 4 had a pretest likelihood of coronary. 
artery disease <5% (all women, 43 years of age or 
younger). We chose not to perform coronary arteriogr 
phy in these 4 patients. a 

Among the 17 patients with negative thallium sca 
11 had adequate exercise stress thallium studies (mean 
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heart rate X` blood pressure product = 29,127, range 

= 20,925 to 35,784), and the remaining 6 had intravenous 
dipyridamole and symptom-limited stress studies. Only 
4 of these 17 patients had proven normal epicardial 
arteries at coronary arteriography. However, the mean 
pretest likelihood of coronary artery disease for the 17 
patients with negative scans was 24 + 19%. Therefore, 
the negative predictive value would be 95% for a test 
with a sensitivity of approximately 90% and a specificity 
of 60%, indicating that only 1 of 17 patients might be 
falsely negative. 

Relation among demographic data, outflow tract 
gradients and thallium results: These data are listed in 
Table I. There was no significant difference between the 
positive and negative thallium groups in regard to gen- 
der or age. Four of the 11 patients (36%) with positive 
thallium scans had “ischemic chest pain” compared 
with 9 of 17 (53%) with negative scans (difference not 
significant). A left ventricular outflow tract gradient at 
rest 230 mm Hg was present in 4 of 11 (36%) with a 
positive thallium scan compared with 4 of 15 (27%) 






STRESS TL De ay T 

j FIGURE 1. Stress and delayed thallium (STRESS TL, DELAY 
TIL) images of a 52-year-old man with angiographically nor- 
: mal coronary arteries. A, the 40° left anterior oblique (LAO 
oe 40) stress image demonstrates defects in the septal and 

ae inferoapical segments, and complete redistribution on 

a -the delayed image. B, the anterior stress image also 

.: 1i demonstrates significant defects in the anterolateral 

E and apical segments, with redistribution on the delayed 

ooo image o oo o 
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with-a negative scan (difference not significant). Twe 
patients in the negative group did not have the presence 
or magnitude of a left ventricular gradient measured. 

Relation between left ventricular hypertrophy and 
thallium results: The mean septal thickness among 
those with positive scans was significantly greater than 
for those with the negative scans (27 + 7 vs 21 +6 mm, 
p <0.05, Table I). Also, when the Kolmogorov-Smirnov 
2-sample test was applied to compare the distributions 
of septal thickness and thallium results, a relation was 
found between increasing septal thickness and frequen- 
cy of positive thallium results (p <0.025). There was no 
significant relation between mean posterior wall thick- 
ness or septal to posterior wall ratio in the positive and 
negative groups (Table I). 

Segmental analysis of positive thallium scans: The 
mean number of segmental defects in the 11 patients 
with abnormal scans was 3.4 (range 2 to 5) of a possible 
maximum of 5. The defects of each patient are listed in 
Table II. Although echocardiographic septal thickness 
was equal to or greater than the thickness of any other 
segment in all 11 patients, only 7 (64%) had septal de- 
fects. Moreover, 3 of 11 (27%) had defects in segments 
that were of normal or only mildly increased thickness. 
However, | of these was in the location of a prior myo- 
cardial infarction. 

Relation of thallium scan results to ventricular ar- 
rhythmia or conduction system disease or both: Twen- 
ty-four-hour ambulatory electrocardiographic record- 
ings demonstrated 21 runs of nonsustained ventricular 
tachycardia (23 consecutive ventricular complexes) in 
7 of 11 (64%) patients with a positive thallium scan. In 
contrast, none of the 17 in the negative group had ven- 

ricular tachycardia (p <0.001). All 7 patients with ven- 
tricular tachycardia had at least 1 defect that was fixed 
or demonstrated only partial redistribution (Table HI). 
Also, 5 of the 11 (45%) with positive scans required 
permanent pacemaker implantation due to conduction 
system disease (symptomatic bradycardia, asystole or 
an HV interval = 100 ms associated with syncope) com- 
pared with only | of 17 patients (6%) in the negative 
group (p <0.025). Four of these 5 had at least 1 defect 
that was fixed or showed only partial redistribution (Ta- 
ble III). All patients requiring pacemaker insertion had 
this need confirmed without the influence of 8-blocking 
drugs or other medications that might induce these 
findings, or by electrophysiologic study. Three patients 
in the positive thallium group had both ventricular 
tachycardia and conduction system disease, None in the 
negative group had both. When the combined preva- 
lence of ventricular tachycardia and conduction system 
disease was examined, 10 of the 11 (91%) in the positive 
thallium group had one or both compared with 1 of 17 
(6%) in the negative group (p <0.0001). 

Relation of thallium results to left ventricular ejec- 
tion fraction: The mean left ventricular ejection fraction 
temporally related to the thallium scans for the 28 pa- 
tients was 71 + 14%. It was significantly lower among : 
patients with abnormal thallium scans (64 + 15%) than 
in those with normal scans (75 + 11%, p <0.05, Table - 











haracteristics of Patients 








Positive 
All Thallium 
Pts Scans 

(n = 28) (n= 11) 


Negative 
Thallium 
Scans 

(n= 17) 





Sex (M/F) 15/13 6/5 9/8 
| Age (yrs) 47 +16 41+ 16 50+15 
No. with 13 4 9 
ischemic pain 
Septal 
thickness 
(mm) 
Posterior 
wall (mm) 
Septal: 
posterior 
wall ratio 
“Left ventricular 
ejection 
fraction 


(h) 


2347 2747 21 +6* 


1243 i344 1242 


19405 21407 17403 


7114 64415 75 + 11* 





*p s005. 








I). Four patients (27%)—including the oldest and youn- 

gest with abnormal scans (78 and 19 years old)—had 
ejection fractions <50%, compared with none in the 
negative group. When these patients were evaluated ini- 
tially, 3 had normal or supernormal ejection fractions 
(74, 57 and 88%) followed by a subsequent decline at 
the time of their thallium scan (to 40, 37 and 45%, re- 
spectively). The detection of rhythm disturbances either 
antedated (2 patients), or was coincident with (1 pa- 
tient), the decline in left ventricular function. No others 
who had serial radionuclide angiography experienced 
this decline. Further, all 4 with ejection fractions <50% 
had at least 1 fixed thallium defect and 3 had concor- 
dant segmental wall motion abnormalities suggesting 
infarction. In contrast, 2 others with fixed defects had 
ejection fractions of 67 and 92%. 


DISCUSSION 
This study demonstrates that thallium-201 imaging 
commonly demonstrates myocardial perfusion abnor- 
“malities in patients with HC without epicardial coro- 
“nary artery disease. However, confirmation of epicardi- 
al coronary artery disease requires coronary arteriogra- 
phy. Thallium scintigraphy has been previously used in 
HC. However, the focus was on diagnosis per se or the 
detection of coronary artery disease.!8-!9 More recently, 
O'Gara et al? performed stress thallium-201 tomogra- 
phy on 72 patients with HC and normal epicardial 
arteries or a low risk of coronary disease after with- 
‘drawal of medications and found that 41 (57%) had 
perfusion defects. The difference between the 39% posi- 
tive rate in our study and the 57% found by O’Gara et 
al may reflect a higher sensitivity for thallium tomogra- 
phy, more false negatives in our group due to continua- 
B blockers in some, the fact that fixed defects 
upper septum or the apex were not inter- 
ynormal in our study, or an ascertainment 
ent referral patterns at the 2 centers. 


-scans because of a | 





TABLE H Analysis of Positive Thallium Scan Segments _ 





Segmients 


net met 


Age (yrs), 
Sex Septum Anterior Inferior - 


nee E 


3 


Apical Posterior 





57,M +, +,C +P 0 0 
52M +P +C +P +C +C 
43, 0 0 +f +F +F 
20,F +C +C +C 0 0 
3LF +P 0 +P 0 o 
+F +P +P +C 
+F 0 +F +P 
+F AEO OHF +F 
+F +F 0 +F 
+P 0 0 +P 
+C +Fo +P 0 


he 
KOwannnrrwne 


* Myocardial infarction despite normal epicardial coronary arteries. 

C = complete redistribution; F = no redistribution (fixed); P = partial redistribution, 
+ = positive segment or initial image; O= normal. : 
ah 








TABLE IH Worst Thallium Defect Seen in Patients with 
Ventricular Tachycardia or Conduction System Disease 


Complete © | 
Redistribution | 


Fixed 
Defect 


Partial 
Redistribution 





Ventricular 3 4 
tachycardia 

Conduction 3 1 

z system disorder 








Both studies found a significant relation between de- 
creased left ventricular ejection fraction and thallium 
defects that were fixed or demonstrated only partial re- 
distribution. Also, both studies showed that chest pain 
a poor predictor of positive thallium results, because 
<50% of the patients in the 2 studies with positive scan 
had pain, and some in our negative group had chest 
pain, possibly of ischemic origin. & 
The results of O'Gara et al?° as well as this study 
show that reduced thallium uptake is common both in 
the ventricular septum and in segments that are echo- 
cardiographically normal or only mildly hypertrophied. — 
This is logical, because the Laplace relation indicates 
that thinner segments have higher wall tensions and fo- 
cal myocardial oxygen demand is therefore increased. 
Further, the location of small-vessel disease is not rel 
ed to the severity of hypertrophy and often involves seg 
ments of normal or near normal thickness.!> The seve 
ity of luminal compromise in small vessels is greater 1 
those who develop progressive left ventricular dilati 
and systolic dysfunction.”! 


ing thallium per 

pertrophy can lea 

al vessels in the basal state to meet increased oxygen 
demand, and result in limited flow reserve.”* Also, be- 
cause left ventricular myocardial blood flow is predomi- _ 
nantly diastolic, delayed inactivation and relaxation 
may further limit regional coronary flow. Patients with 
an outflow tract gradient may. have positive thallium 

Se igher myocardial oxygen dema 





on 












thallium defects are related to altered systolic or diastol- 
ic loading conditions, abnormal vasodilator reserve, 
small vessel disease, myocyte dysfunction, an indepen- 
dent fibrotic process or a combination of factors. 

The most important finding of our study is the 
strong relation between potentially lethal ventricular 
rhythm disturbances and conduction abnormalities, and 
abnormal thallium scintigrams. The relation between 
sudden cardiac death and repetitive ventricular prema- 
ture beats has been demonstrated.?324 Conduction sys- 
tem disease has been shown to produce syncope from 
extreme bradycardia or asystole,2> which also may lead 
to sudden death. This was confirmed by the postmortem 
study of James and Marshall, who found that >50% of 
22 patients with HC who died suddenly had conduction 
system disease. 

Although acute myocardial ischemia may result in 
the production of potentially lethal arrhythmias in 
HC,” the majority of such arrhythmias are more likely 
related to myocardial scar or fibrosis.!° In the current 
study, all 7 patients with ventricular tachycardia and a 
positive thallium scan had >1 defects that were either 
fixed or had only partial redistribution. Partial redistri- 
bution may represent severe ischemia or a combination 
of ischemia and fibrosis, whereas fixed defects more 
likely represent scar. However, it would be imprecise to 
interpret all segments without complete thallium redis- 
tribution at 3 hours to represent scar or fibrosis,?” espe- 
cially if concordant segmental wall motion abnormali- 
ties are not evident. Nonetheless, such areas are likely 
to be the source of life-threatening arrhythmias. 

Our study confirms that abnormal thallium scans 
Suggestive of myocardial ischemia or fibrosis or both are 
common in patients with HC, occur more frequently 
with increasing septal thickness and are strongly associ- 
ated with ventricular tachycardia, conduction system 
disease and decreased left ventricular ejection fraction. 
Moreover, there is a poor relation between chest pain 
-and thallium abnormalities. Thus, thallium-20] scintig- 
raphy may provide information regarding the risk of 
sudden cardiac death beyond that obtained from ambu- 
latory electrocardiographic monitoring, because myo- 
cardial ischemia and fibrosis are a likely mechanism for 
arrhythmia and sudden death. Whether thallium scin- 
tigraphy can predict which patients will develop poten- 
tially lethal arrhythmias—before these are identified by 
ambulatory electrocardiographic monitoring or other 
-Means—remains to be determined. 

c o Limitations: This study is predominantly retrospec- 

_ tive and may be subject to biases resulting from patient 
-= Selection, a limited number of patients and the analysis 
_of multiple variables. However, of 7 patients who were 
first-degree relatives of a propositus and therefore free 
of ascertainment bias, 2 (28%) had positive thallium 
- scans. The arrhythmias found in our study were detect- 
ed before thallium imaging in 54% of patients and near- 
ly simultaneously in 46%. Only 1 patient had no ar- 


it this relation was ‘not demonstrated in our study, 
Current methods are incapable of determining whether 


 rhythmia on an ambulatory ‘electrocardiographic re 
cording at the time of an abnormal thallium scan. W 
have no evidence that myocardial ischemia and fibrosi 
precede arrhythmias or conduction disorder. Long-tern 
follow-up of patients with both positive and negative 
thallium scans and no arrhythmia must be carried oui 
to determine the prospective value of thallium scintigra- 
phy. Radionuclide angiograms or echocardiograms alsc 
may help determine whether ventricular dysfunction 
precedes, coincides with or follows the detection of ar- 
rhythmias. 
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Multivariate analysis was used to analyze the 
morphometric data of endomyocardial biopsies 
(area, perimeter and minor diameter) of myocardial 
cells obtained at light microscopy by a computer- 
ized approach with 16 clinical parameters and 
prognosis in 52 patients with idiopathic dilated car- 
diomyopathy. The best morphometric parameter 
was “area” (R? = 0.47). A positive correlation was 
found with age (p <0.02), interval between first 
symptoms and diagnosis (p <0.02), left ventricular 
end-diastolic volume (p <0.02), cardiac index (p 
-< <0.05) and echocardiographic end-diastolic diame- 
ter (p <0.1). A negative correlation was found with 
prognosis (p <0.02), ejection fraction (p <0.02), 
- shortening fraction (p <0.05), echocardiographic 
-end-systolic diameter (p <0.06) and mitral regurgi- 
tation presence (p <0.1). The parameters that pro- 
-vided no correlation were New York Heart Associa- 
tion class, left ventricular end-diastolic pressure, 
-right atrial pressure, cardiothoracic ratio, presence 
or absence of heart failure, fever or alcohol intake. 
_ These findings suggest that endomyocardial biopsy 
“May provide prognostic information and confirm 
clinical diagnosis. 
(Am J Cardiol 1989;64:504-506) 
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ecently, numerous anatomic and clinical studies 

have evaluated the prognostic significance of 

some morphologic or morphometric parameters 
of endomyocardial biopsy material from patients with 
idiopathic dilated cardiomyopathy.!-!0 

The parameters were evaluated either semiquantita- 
tively using a score system! or quantitatively.3-!° Mor- 
phometric data were correlated with some clinical and 
hemodynamic parameters and prognosis. The main clin- 
ical factors that correlated with an unfavorable progno- 
sis were cardiomegaly, arrhythmia, increased left ven- 
tricular end-diastolic pressure and volume, and low 
cardiac index or ejection fraction, or both. However, 
comparison of clinical and hemodynamic parameters or 
of prognosis with morphometric data yielded conflicting 
results. In some studies, only hemodynamic data were 
found to be good prognostic indicators,°” whereas in 
others the morphologic features were the best indicators 
of a prognostic trend.'* In the morphometric quantita- 
tive analysis studies, the best statistical correlation was 
obtained with ejection fraction, New York Heart Asso- 
ciation class,? prognosis>* and echocardiographic ven- 
tricular diameters.? 

We examined by multivariate analysis the correla- 
tions between case history, clinical and hemodynamic 
parameters and prognosis on the one hand and morpho- 
metric data obtained by computerized methods on the 
other. 


METHODS 

The endomyocardial biopsy specimens from 326 
subjects were studied between 1979 and 1986. Of the 
patients with a diagnosis of idiopathic dilated cardiomy- 
opathy, only 52 (39 men and 13 women, median age 49 
+ 15 years) had 2 to 4 bioptic fragments taken (2 frag- 
ments/subject in the first 5 years of the study), Sub- 
sequently, 4 specimens/subject were routinely taken. 
The samples were immediately fixed in 10% neutral for- 
malin and processed for routine paraffin inclusion. 

All histologic sections were stained with hematoxy- 
lin-eosin, photographed (magnification X 63) and print- 
ed (final magnification X 300). Eighty to 190 cells/sub- 
ject were measured from the photographs using =2 bi- 
opsy specimens/subject (the differences. between the 
measurements obtained from the biopsies of the same 
patient were <10%, permitting the accumulation of 
data from the biopsies and the statistical evaluation 

ade wi 







from the patients). The measurements. 
a peril, operator asi 


Zeiss). The area, minor diameter and perime- 

ie myocardial cells were then calculated. Be- 

. myocardial structure is anisotropic, measure- 

"the area depend on the angle of sectioning.!! 

re, all the cells that appeared in transverse sec- 

and in which nuclei were visible (cells of enlarged, 

al or “attenuated” dimensions) were measured. 

~The clinical diagnosis of idiopathic dilated cardiomyop- 

- athy was based on a decreased ejection fraction (50%) 

and on the presence of at least one of the following: 

‘signs of left- or right-sided heart failure, radiographic 

cardiomegaly (cardiothoracic ratio >0.50), electrocar- 

~ diographic anomalies (conduction abnormalities or se- 

vere ventricular arrhythmias or both) or history of em- 
7 bolism. 

In all patients, significant coronary abnormalities 

_ (stenosis >50%), valve disease and arterial hypertension 


| were absent. 


The correlations between the morphometric mea- 
surements and 16 clinical, echocardiographic and hemo- 
dynamic parameters were investigated (Table I), as 
were the relations between the morphometric parame- 
ters and prognosis. Follow-up, performed until the end 
of 1986, averaged 35.9 months (range 8 to 88), with the 


exception of 4 patients living too far from the cardiology 


center. 
The subjects were divided into 3 groups (improved, 
no change, deteriorated or deceased), according to a 
score!2 based on cardiothoracic ratio, New York 
Heart Association functional class, electrocardiographic 
’ changes, left ventricular end-diastolic diameter, left ven- 
‘tricular end-systolic diameter, shortening fraction, 
ycloergometric exercise testing and radioisotopic ven- 
triculography. Multivariate regression analysis was 
used; F and t tests were applied to multiple linear re- 
~~ gression to eliminate the clinical or hemodynamic vari- 
ables with a significance >0.1, which, therefore, did not 
~ significantly correlate with the morphometric parameter 
of the myocardial cells. 


RESULTS 
‘The mean area of the myocardial cells was found 


to be 302 + 79 um?, the perimeter 62 + 9 um 
and the minor diameter 16 + 2 um. Multivariate analy- 
sis showed that, of the morphometric parameters, the 
area correlated most significantly with the clinical data 
_(F = 1.9, R? = 0.29). The perimeter and diameter both 
had an R? of 0.28. 
By multivariate analysis, a positive correlation was 
-found between area and age (p <0.02), interval between 
first symptoms and diagnosis (p <0.02), left ventricular 
end-diastolic volume (p <0.02), cardiac index (p <0.05) 
and echocardiographic end-diastolic diameter (p <0.1). 
A negative (inverse) correlation was found between 
area and ejection fraction (p <0.02), shortening frac- 
tion (p <0.05), echocardiographic end-systolic diameter 
<0.06) and mitral regurgitation (p <0.1) (Table II). 
trast, there was no correlation of morphometric 
the other 7 parameters: New York Heart As- 


ight atrial pressure, cardiothoracic ra-. 


TABLE I Clinical, Echocardiographic and Hemodynamic ` 
Data iy Ei 


Age (yrs) 49 
interval between initial symptomatology 69 
and diagnosis (mos) 
Alcohol intake (g/kg/day) 
Cardiothoracic ratio 
LVED pressure (mm Hg) 
LVED volume (cm?) 
Cardiac index (liters /min/m?) 
Ejection fraction (%) 
Shortening fraction 
LVED diameter (cm) 
LVES diameter (cm) 
Right atrial pressure (mm Hg) 
Heart failure 
NYHA functional class 
| 
i 
iii 
Mitral regurgitation 
Fever, 6 months before diagnosis 
Follow-up 
improved 
No change 
Deteriorated or decreased 


LVED = left ventricular end-diastolic; LVES = left ventricular end-systolic; NYHA = 
New York Heart Association; SD = standard deviation. f ; 


TABLE Il Multivariate Analysis o 


Correlation between myocellular 
area and the following parameters 





Interval between initial 
symptomatology and diagnosis 
Mitral regurgitation 
Cardiac index 
Ejection fraction 
LVED volume 
Shortening fraction 
LVED diameter 
LVES diameter 
F = 1.87 R? = 0.28 (n= 52 pts) 
With introduction of prognosis parameters (n = 48 pts): 
F = 2,89 R2=0.47 p <0.025 


Abbreviations as in Table |. is 


months preceding diagnosis, alcohol intake and left ven 
tricular end-diastolic pressure. With the introduction 0 
the prognosis parameter from 48 patients divided into 
groups, that is, improved (18 patients, 37%), no change 
(20 patients, 42%), worsening or deceased (10 patients, 
21%), multivariate analysis gave a higher level of signif- 
icance (F = 2.89, R? = 0.47). The prognosis parameter _ 
was negatively correlated to the area values (p <0.025), 





DISCUSSION ae 
We found a significant correlation between the area 
of myocardial cells and several clinical and hemod 
namic data, suggesting that endomyocardial biopsy r 
clinical diagnosis a: 

















san was seen with the left 
ventricular ejection fraction. This may suggest that the 
final stages of myocardial hypertrophy are reached as 
suggested by Mall et al> and that these “hypertrophied” 
` = cells have probably lost their contractile qualities. 
An even more significant negative correlation was 
found between the area of myocardial cells and progno- 
<: $i8, with patients who worsened or died demonstrating 
greater cell dimensions. These findings conflict with 
hose of Schwarz,’ Baandrup'3 and their co-workers, 
-but agree with those of Mall et al,5 who described a 
istical correlation between decreased ejection frac- 
and decreased volume fraction of myofibrils. Dif- 
ferent methods of patient selection,‘ statistical analysis 
univariate or multivariate’) or interpretation criteria 
may account for such varying results. 
The greater cell dimensions described herein are not 
the expression of hypertrophy with augmented contrac- 
tile material. They are the expression of myocardial de- 
_ generation, that is, loss of contractile structures, mito- 
chondrial changes and increased lipid and lipofuscin 
< content accompanied by compromised function. 
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BRIEF SUMMARY 
Professional Use Information 


CARDIZEM® 
(diltiazem HCI) 
30 mg, 60 mg. 90 mg and 120 mg Tablets 
CONTRAINDICATIONS 

CARDIZEM is contraindicated in (1) patients with sick sinus 
syndrome except in the presence of a functioning ventricular 
pacemaker, (2) patients with second- or third-degree AV block 
except in the presence of a functioning ventricular pacemaker, (3) 
patients with hypotension (less than 90 mm Hg systolic), (4) 
patients who have demonstrated hypersensitivity to the drug, 
and (5) patients with acute myocardial infarction and 
pulmonary congestion documented by x-ray on admission. 
WARNINGS 

1. Cardiac Conduction. CARDIZEM prolongs AV node 
refractory periods without significantly prolonging sinus 
node recovery time, except in patients with sick sinus 
syndrome. This effect may rarely result in abnormally slow 
heart rates (particularly in patients with sick sinus 
syndrome) or second- or third-degree AV block (six of 1,243 
patients for 0.48%). Concomitant use of diltiazem with 
beta-blockers or digitalis may result in additive effects on 
cardiac conduction. A patient with Prinzmetal's angina 
developed periods of asystole (2 to 5 seconds) after a 
single dose of 60 mg of diltiazem. 

2 Congestive Heart Failure. Although diltiazem has a 
negative inotropic effect in isolated animal tissue 
preparations, hemodynamic studies in humans with 
normal ventricular function have not shown a reduction 
in Cardiac index nor consistent negative effects on 
contractility (dp/dt). Experience with the use of CARDIZEM 
alone or in combination with beta-blockers in patients 
with impaired ventricular function is very limited. Caution 
should be exercised when using the drug in such patients. 

3. Hypotension. Decreases in blood pressure associated 
with CARDIZEM therapy may occasionally result in 
symptomatic hypotension. 

4. Acute Hepatic Injury. In rare instances. significant 
elevations in enzymes such as alkaline phosphatase, LDH, 
SGOT, SGPT, and other phenomena consistent with acute 
hepatic injury have been noted. These reactions have 
been reversible upon discontinuation of drug therapy. The 
relationship to CARDIZEM is uncertain in most cases, but 
probable in some. (See PRECAUTIONS.) 

PRECAUTIONS 

General. CARDIZEM (diltiazem hydrochloride) is extensively 
metabolized by the liver and excreted by the kidneys and in 
bile. As with any drug given over prolonged periods, laboratory 
parameters should be monitored at regular intervals. The drug 
should be used with caution in patients with impaired renal or 
hepatic function. In subacute and chronic dog and rat studies 
designed to produce toxicity. high doses of diltiazem were 
associated with hepatic damage. In special subacute hepatic 
Studies, oral doses of 125 mg/kg and higher in rats were 
associated with histological changes in the liver which were 
reversible when the drug was discontinued. In dogs, doses of 
20 mg/kg were also associated with hepatic changes; however, 
these changes were reversible with continued dosing 

Dermatological events (see ADVERSE REACTIONS section) 

may be transient and may disappear despite continued use of 
CARDIZEM. However, skin eruptions progressing to erythema 
multiforme and/or exfoliative dermatitis have also been 
infrequently reported. Should a dermatologic reaction persist, 
the drug should be discontinued 

Drug Interaction. Due to the potential for additive effects, 

caution and careful titration are warranted in patients receiving 
CARDIZEM concomitantly with any agents known to affect 
cardiac contractility and/or conduction. (See WARNINGS.) 

Pharmacologic studies indicate that there may be additive 

effects in prolonging AV conduction when using beta-blockers or 
digitalis concomitantly with CARDIZEM. (See WARNINGS.) 

As with all drugs, care should be exercised when treating 

patients with multiple medications. CARDIZEM undergoes bio- 
transformation by cytochrome P-450 mixed function oxidase. 


Coadministration of CARDIZEM with other agents which follow 
the same route of biotransformation may result in the competi- 
tive inhibition of metabolism. Dosages of similarly metabolized 
drugs, particularly those of low therapeutic ratio or in patients 
with renal and/or hepatic impairment, may require adjustment 
when starting or stopping concomitantly administered CARDIZEM 
to maintain optimum therapeutic blood levels. 

Beta-blockers: Controlled and uncontrolled domestic studies 
suggest that concomitant use of CARDIZEM and beta-blockers 
or digitalis is usually well tolerated. Available data are not 
sufficient, however. to predict the effects of concomitant 
treatment. particularly in patients with left ventricular 
dysfunction or cardiac conduction abnormalities 

Administration of CARDIZEM (diltiazem hydrochloride) 
concomitantly with propranolol in five normal volunteers 
resulted in increased propranolol levels in all subjects and 
bioavailability of propranolol was increased approximately 50% 
If combination therapy is initiated or withdrawn in conjunction 
with propranolol, an adjustment in the propranolol dose may 
be warranted. (See WARNINGS.) 

Cimetidine: A study in six healthy volunteers has shown a 
significant increase in peak diltiazem plasma levels (58%) and 
area-under-the-curve (53%) after a one-week course of cimetidine 
at 1.200 mg per day and diltiazem 60 mg per day. Ranitidine 
produced smaller, nonsignificant increases. The effect may be 
mediated by cimetidine’s known inhibition of hepatic cytochrome 
P-450, the enzyme system probably responsible for the first-pass 
metabolism of diltiazem. Patients currently receiving diltiazem 
therapy should be carefully monitored for a change in 
pharmacological effect when initiating and discontinuing 
therapy with cimetidine. An adjustment in the diltiazem dose 
may be warranted. 

Digitalis: Administration of CARDIZEM with digoxin in 24 
healthy male subjects increased plasma digoxin concentrations 
approximately 20%. Another investigator found no increase in 
digoxin levels in 12 patients with coronary artery disease. Since 
there have been conflicting results regarding the effect of digoxin 
levels, it is recommended that digoxin levels be monitored when 
initiating, adjusting, and discontinuing CARDIZEM therapy to 
avoid possible over- or under-digitalization. (See WARNINGS.) 

Anesthetics: The depression of cardiac contractility 
conductivity, and automaticity as well as the vascular dilation 
associated with anesthetics may be potentiated by calcium 
channel blockers. When used concomitantly, anesthetics and 
calcium blockers should be titrated carefully. 

Carcinogenesis, Mutagenesis, Impairment of Fertility. A 
24-month study in rats and a 21-month study in mice showed 
no evidence of carcinogenicity. There was also no mutagenic 
response in in vitro bacterial tests. No intrinsic effect on fertility 
was observed in rats 

Pregnancy. Category C. Reproduction studies have been con- 
ducted in mice. rats, and rabbits. Administration of doses ranging 
from five to ten times greater (on a mg/kg basis) than the daily 
recommended therapeutic dose has resulted in embryo and 
fetal lethality. These doses. in some studies, have been reported 
to cause skeletal abnormalities. In the perinatal/postnatal 
studies, there was some reduction in early individual pup 
weights and survival rates. There was an increased incidence 
of stillbirths at doses of 20 times the human dose or greater 

There are no well-controlled studies in pregnant women. 
therefore, use CARDIZEM in pregnant women only if the potential 
benefit justifies the potential risk to the fetus 

Nursing Mothers. Di/tiazem is excreted in human milk. One 
report suggests that concentrations in breast milk may approxi- 
mate serum levels. If use of CARDIZEM is deemed essential, an 

alternative method of infant feeding should be instituted 

Pediatric Use. Safety and effectiveness in children have not 
been established. 

ADVERSE REACTIONS 

Serious adverse reactions have been rare in studies carried 
out to date, but it should be recognized that patients with 
impaired ventricular function and cardiac conduction abnormali- 
ties have usually been excluded 
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In domestic placebo-controlled trials, the incidence of advei 
reactions reported during CARDIZEM therapy was not greate, 
than that reported during placebo therapy. 

The following represent occurrences observed in clinical 
studies which can be at least reasonably associated with the 
pharmacology of calcium influx inhibition. In many cases, th 
relationship to CARDIZEM has not been established. The mos 
common occurrences as well as their frequency of presentati 
are: edema (2.4%), headache (2.1%), nausea (1.9%), dizziness 
(1.5%), rash (1.3%), asthenia (1.2%). In addition, the following 
events were reported infrequently (less than 1%). 
Cardiovascular. Angina, arrhythmia, AV block (first degre 
AV block (second or third degree—see 
conduction warning), bradycardia, 
congestive heart failure, flushing, 
hypotension, palpitations, syncope. 
Amnesia, depression, gait abnormality, 
hallucinations, insomnia, nervousness, 
paresthesia, personality change, 
somnolence, tinnitus, tremor. 

Anorexia, constipation, diarrhea, 

dysgeusia, dyspepsia, mild elevations of 

alkaline phosphatase, SGOT, SGPT, and 

LDH (see hepatic warnings), vomiting, 

weight increase. 

Petechiae, pruritus, photosensitivity, 

urticaria. 

Other Amblyopia. CPK elevation, dyspnea, 
epistaxis, eye irritation, hyperglycemia, 
nasal congestion, nocturia, osteoarticula 
pain, polyuria, sexual difficulties. 

The following postmarketing events have been reported 
infrequently in patients receiving CARDIZEM: alopecia. gingiv 
hyperplasia, erythema multiforme, and leukopenia. However, 
definitive cause and effect between these events and CARDIZE 
therapy is yet to be established 
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dimensional echocardiography is increasingly 
d to measure aortic root dimensions, which pro- 
e prognostic information in aortic regurgitation 
l the Marfan syndome. Aortic root dilatation is 
currently detected by nomograms based on M- 
echocardiographic data. Aortic root diame- 
measured by 2-dimensional echocardiography 
the anulus, sinuses of Valsalva, supra- 
ic ridge and proximal ascending aorta in 135 
rmal adults and 52 normal children were com- 
ared with age, gender, body habitus, blood pres- 
ure and stroke volume, and with M-mode findings 
nd normal limits. Two-dimensional measurements 
sinuses of Valsalva were larger than M-mode 
ortic root values (p <0.001), and use of 2-dimen- 
I values with M-mode nomograms falsely di- 
9sed aortic dilatation in 40% of normal children 
[9% of normal adults. Two-dimensional mea- 
surements at the sinuses closely correlated with 
lace area in children (r = 0.93, p < 
5), moderately in adults younger than 40 
ears of age (r = 0.71, p <0.0005) and weakly in 
older dults (r = 0.40, p <0.0005). In adults, gen- 
ced aortic root size at all levels (p 
but dimensions were similar when in- 
ced for body surface area. Age strongly influ- 
supraaortic ridge and ascending aortic diam- 
lood pressure and stroke volume had no in- 
en effect on aortic size. 
In conclusion, (1) 2-dimensional echocardio- 
phic aortic root dimensions are influenced by 
> and body size but not by blood pressure; (2) 
tic root dilatation is overdiagnosed when aortic 
liameter at the sinuses of Valsalva is compared 
with M-mode nomograms; (3) nomograms compar- 
aortic diameter with body surface area should 
in children; and (4) although use of nomo- 
based on body size in adults should maxi- 
miz sensitivity for aortic dilatation, 98% specific- 
tis attained by use of an upper normal limit of 


for aortic diameter at the sinuses of 
both | men and women. 
diol 1989;64:507-512) 


izes the aortic root and is increasingly used 

measure aortic dimensions. Dilatation extendin: 
above the sinuses of Valsalva to involve the supraaort 
ridge has been shown to be of prognostic significance in- 
both aortic regurgitation and in the Marfan sy 
drome.'-? However, partition values and nomograms 
standardly used to detect aortic dilatation by echocard 
ography in children and adults are based on Mor 
data. Available 2-dimensional echocardiogr 
studies of norma! subjects are limited by small sam 
size” and incomplete measurements.’? Hence, we com 
pared aortic root dimensions measured by 2-dimensio 
al echocardiography at 4 levels from the valve anulus i 
the ascending aorta in a large population of normal i 
fants, children and adults with age, gender, indexes 
body size, blood pressure and stroke volume, and: 
mode echocardiographic dimensions. Nomograms and 
partition values for upper normal limits of 2-dimension- 
al echocardiographic aortic measurements are presen 
ed. E 


"isi torte echocardiography readily visua 


METHODS 
Subjects: The study eres consisted of 5 nol 


15 years (mean 9 + 5 eal Body surface area an: 
from 0.18 to 1.99 m? (mean 1.11 + 0.44). The 
records and echocardiograms were reviewed by a 
atric cardiologist to verify normality. In most instances, . 
echocardiograms had been performed to exclude form 
of congenital heart disease. The normal adult pop 
tion consisted of 68 men and 67 women from 20 to 
years of age (mean 43 + 15). Body surface area rang 
from 1.29 to 2.40 m? (mean 1.85 + 0.22), and was 
nificantly greater in men (1.99 + 0.15 vs 1.70 + 
m?, p <0.001). Blood pressure was determine: 
adults by cuff sphygmomanometry in the supi 








oot Diameters to Age, Body Habitus and Hemodynamic Variables i in 1 Adults by Univariate Analysis 


Sag Sinuses of 
Anulus Valsalva 


r Value r Value 


0.12 NS 

0.68 <0,0005 
0.58 <0.0005 
0.60 <0.0005 
0.26 <0.005 
0.19 <0.05 
0.17 <0.05 
0.45 <0.005 


p Value 


0.40 
0.50 
0.44 
0.43 
0.18 
0.21 
0.26 
0.26 


“Age 
Body surface area 
Height 
Weight 
Body mass index 
Systolic blood pressure 
Diastolic blood pressure 
Stroke volume 


[NS = not significant. 


- 126 + 14/77 + 9 mm Hg, with no difference between 
= men and women. The normal adults were members of a 
~ healthy, employed population, and unaffected relatives 
-and spouses of patients evaluated in ongoing family 
--studies of mitral prolapse and the Marfan syndrome. °- 
i2 Body mass index (weight in kg/[height in m2]) was 
; calculated in adults as an index of obesity.!3 
Echocardiography: Echocardiograms were per- 
_ formed i in the left decubitus position by an experienced 


oe technologist. M-mode tracings were obtained in adults 


- using 2-dimensional guidance. Up to 6 cycles of the aor- 
-tic root and left ventricle were marked on M-mode trac- 
< ings according to the recommendations of the American 

_ Society of Echocardiography,'4 and measured and aver- 


~- aged using a commercially available digitizing tablet. 


Left ventricular stroke volume was calculated using the 
Teichholz correction,!> a method validated by compari- 
-oson with invasive measurements.'® Using a Diasonics 
= CardioRevue Center (Diasonics, Inc.), 2-dimensional 
measurements of the aortic root were made at end-dias- 
tole in parasternal long-axis views at 4 levels: (1) anulus 
(defined echocardiographically as the hinge points of 
~ the aortic cusps); (2) sinuses of Valsalva; (3) supra- 
aortic ridge; and (4) proximal ascending aorta! (Figure 
1). Measurements were made perpendicular to the long 

axis of the aorta using the leading edge technique in 
views showing the largest aortic diameters. Aortic root 





_ FIGURE 1. Left, schematic illustration of the aortic root in the 
_2-dimensional parasternal long-axis view. Measurements 
were obtained at 4 levels, including the anulus, sinuses of Val- 


n salva, supraaortic ridge and proximal ascending aorta. Right, 


-measurements were made perpendicular to the long axis of 
the aorta using the leading edge technique. Ao = aorta; LA = 
; IN irh EY = left ventricle. 
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‘ au < Proximal 
Supraaortic Ascending 
Ridge 
r Value 


p Value 


p Value Pp Value s 


0.44 
0.44 
0.37 
0.39 
0.18 
0.23 
0.27 
0.25 


<0.0005 
<0.0005 
<0.0005 
<0.0005 
<0.05 
<0.01 
<0.005 
<0.005 


<0.0005 
<0,0005 
<0.0005 
<0.0005 
<0.05 
<0.01 
<0.005 
<0.005 





measurements were also made in short-axis views at the 
level of the valve leaflets. 

Statistical analyses: Mean values are presented with 
1 standard deviation as the index of dispersion and were 
compared using the unpaired Student ¢ test. The rela- 
tion between continuous variables was tested by linear 
regression analysis. Independence of relation was deter- 
mined by stepwise multiple linear regression. Approxi- 
mately 95% normal confidence limits were derived as 2 
standard errors of the estimate for aortic root dimen- 
sions above and below the regression line of the v: 
with body size. For the relations between aortic diame- 
ter at the sinuses of Valsalva and supraaortic ridge (Fig- 
ures 2 to 5), these confidence intervals encompassed 350 
of 359 (97%) of data points, whereas only 2 of 359 
(0.6%) of normal values fell above normal limits.” 


RESULTS = 

Comparison of M-mode and 2-dimensional vakion: : 
Highly significant relations were found between M- 
mode values and 2-dimensional measurements (p 
<0.0005 for all comparisons) in the parasternal long- - 
axis view at the level of the anulus (r = 0.60), sinuses of 
Valsalva (r = 0.83), supraaortic ridge (r = 0.74) and 
proximal ascending aorta (r = 0,69), as well as in the 
short-axis measurements at the level of the aortic valve’ 
(r = 0.80). Nonetheless, 2-dimensional measurements. 
were systematically larger than those made by M-mode. 
echocardiography (3.17 + 0.39 at the sinuses of Valsal- 
va, and 3.09 + 0.42 cm on short axis vs 2.98 + 0.39 cm 
by M-mode, p <0.001 and p <0.05, respectively). Use 
of standard M-mode nomograms*5 to compare aortic 
root dimension at the sinuses of Valsalva with body sur- 
face area resulted in false positive diagnoses of aortic 
dilatation in 21 of 52 (40%) normal children and 25 of 
135 (19%) normal adults. 

Aortic root dimensions in children: Aortic dimen: 
sions at all levels in infants and children correlated 
closely with both age (r = 0.87 to 0.90, p <0.0005) and 
body surface area (r = 0.90 to 0.93, p 
multivariate analyses, body surface a 


surface area and aortic root 





th lations among Shes variables were s similar i in 
ind girls. The individual data points and nomo- 
elating body surface area to aortic root diame- 
the sinuses of Valsalva and the supraaortic ridge 

are shown in Figures 2 and 3. 
 Aorti -root dimensions in adults: Two-dimensional 
diameters in adults correlated strongly with age, 
surface area, height and weight, and less well with 
modynamic parameters, that is, systolic and diastolic 
ressures and stroke volume (Table I). Aortic 
anular diameter correlated most closely with body sur- 
face area and with cardiac pump performance, as mea- 
‘ed by left ventricular stroke volume, whereas ascend- 
ing aortic diameter related most closely to age, and 
as closely to systolic blood pressure as to body 
_ surface area. Multivariate analysis indicated that body 
ace area was the most important independent deter- 
inant of aortic diameter at the anulus and sinuses of 


assi 
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: FIGURE 2. Left, relation of body 
-surface area to aortic root diameter 

sinuses of Valsalva in normal 
infants and children. Right, 95% 


Sinuses of Valsalva (cm) 


diameter at the sinuses of Val- 
in relation to body surface 








Valsalva, whereas age most ly 
praaortic ridge and proximal ascendi 
(Table II). Blood pressu nd stroke volume ha no 
independent effect on aortic size at any level. Use of 
body mass index and height as independent indexes of | 
body size in multivariate analyses revealed that height 
was more closely related to aortic dimensions, although : 
it did not improve the univariate relations between 
surface area and aortic root diameter; in additiona 
analyses, aortic diameter was more closely related to 
height than weight at all levels except the valve a 

The influence of age on the relation of body 
area to normal limits for aortic diameter at the si 
of Valsalva and supraaortic ridge is shown in Figu 
and 5. Two-dimensional measurements at the: sinus 


body surface area in adults younger than 40 ye: 
age (r = 0.71 and 0.66, respectively, both p <0. 
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FIGURE 3. Left, relation of body 
- surface area to aortic root diameter 
: at the supraaortic ridge in normal 
infants and children. Right, 95% 
normal confidence limits for aortic 
-root diameter at the supraaortic 
-ridge in relation to body surface 
area in infants and children. 
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nd Hemodynamic en in Adults by Multivariate 
Analysis* 






: Percent 
Level of Aorta Variable Contribution Multipler F Value 
















Anulus BSA i 
: Age 2 0.69 7.2 
BMI 2 0.71 6.0 


|. Sinuses of Valsalva BSA 








Supraaortic ridge 







Proximal ascending Age 
aorta 






BSA 13 0.67 24.2 


* Additional variables that did not contribute independently to predictive models for 
aortic diameter at any level were systolic and diastolic blood pressure, stroke volume 
and height. 

BMI = body mass index; BSA = body surface area. 
























than in older adults (r = 0.40 and 0.38, respectively, 
~ both p <0.0005). 
: Aortic root diameters were greater in men than 
women at all levels (p <0.001), but similar when in- 
. dexed by body surface area (Table III). The sex-specific 
‘upper normal limits of 2-dimensional aortic root diame- 
ters are listed in Table IV. These partition values for 
absolute and indexed dimensions had high specificity 
«=. (96 to 100%) at all levels in both men and women. Val- 
wes are not presented for the proximal ascending aorta 
-in view of the striking age dependence of this measure- 
-< ment. 
Relation of root dimensions to anular size: In view 
-of the apparent importance of supraaortic ridge enlarge- 
-ment in governing the severity of aortic root disease and 
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Supra-aortic ridge (cm) 


Body surface area (m 






y= 106 + 082x 
SEE 0.21 
r=0.66 
p<0.0005 














‘its complications, -3 we determined the ratios of | 


supraaortic ridge and sinuses of Valsalva to anular di- 
ameters. The ratio of sinus of Valsalva diameter to anu-— 
lar diameter (1.3 + 0.1) was identical in children and 
adults and independent of gender, although there was a 
weak correlation between this ratio and age in adults. a. 

= 0.38, p <0.0005). The ratio of supraaortic ridge to 
anular diameter was identical in adult men and women- 
(1.1 + 0.1) and somewhat smaller in children (1.0 +: 
0.1); this ratio also was related to age among adults (r 
= 0.40, p <0.0005). Blood pressure and body mass in- 
dex bore no independent relation to either ratio. 










DISCUSSION 

The present study provides systematic, detailed 2-di- 
mensional echocardiographic measurements of the aor- 
tic root in a large population of normal children and 
adults, and clarifies the relative influences of gender, 
age, body size and hemodynamic factors on aortic root 
size. Although gender, blood pressure and stroke vol- 
ume are significant correlates of aortic root dimensions, - 
body size and age appear to be the primary independent 
determinants of aortic size in normal persons. Body size 
is the predominant determinant of aortic anular and si- 
nus of Valsalva diameters, whereas age is the more im- 
portant predictor of supraaortic ridge and ascending 
aortic dimensions. In contrast to our findings with-re- 
gard to left ventricular mass,'’ obesity, as measured by 
body mass index, was only weakly related to aortic size. 

The impact of age on aortic size, particularly of the 
supraaortic ridge and proximal ascending aorta, has 
been established in pathologic studies!8 and presumably 
reflects the development of cystic medial necrosis and 
fragmentation of elastin fibers as part of the aging pro- 
cess.!%2! The progressive weakening with age of the re- 
lation between body size and aortic dimensions we have 






FIGURE 4. Left, 95% normal confi- 
dence limits for aortic root diameter - 
at the sinuses of Valsalva in relation - 
to body surface area in adults youn- 
ger than 40 years of age. Right, 
95% normal confidence limits for © 
aortic root diameter at the 
supraaortic ridge in relation to body 
eae ee eas eee ee 
of 40 years. 
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ss in Aortic Root Dimensions in Adults 


Absolute Values (crn) 


Men p Value 


indexed Values (cm/m?) 


p Value 








<0.001 
<0,001 
<0.001 
<0.001 


2640.3 
3.4403 
2.9403 
3.0+0.4 


© Anulus 
Sinuses of Valsalva 
‘Supraaortic ridge 
Proximal ascending aorta 


oP NS = not significant. 


documented is currently unexplained, but it is attractive 
to speculate that in middle and older age body weight 
(and hence body surface area) may deviate progressive- 
ly from that during the years when aortic size was pro- 
grammed, and that subclinical degenerative processes 


altering aortic composition and distensibility may occur 


_ it some but not other persons. The lack of an indepen- 
dent impact of systolic or diastolic blood pressure within 
-the normal range in the current study is consistent with 
-previous reports showing no difference in aortic root size 
-between hypertensive and normotensive adults of simi- 
age, 202! Body surface area strongly influenced aor- 

- tic root size at all levels, particularly in children, which 
-was consistent with previous studies using M-mode 

-_ echocardiography.4>?? 

--~ The use of 2-dimensional rather than M-mode echo- 
cardiography to assess aortic root size and morphology 
offers clear advantages for both technical and clinical 

reasons. The 2-dimensional parasternal long-axis view 

-allows full visualization of the entire aortic root 
throughout the cardiac cycle. M-mode aortic root mea- 

urements at the level where aortic valve opening is vi- 
lized predictably correlate best with 2-dimensional 
measurements at the sinuses of Valsalva, but are sys- 


y21.92 + 074x 
SEE=0.37 
r=0.40 

p 0.0005 


RE 5. Left, 95% normal confi- 
limits for aortic root diameter 
te sinuses of Valsalva in relation 
body surface area in adults 40 
j of age and older. Right, 95% 
‘normal confidence limits for aortic 
. root diameter at the supraaortic 
ridge in relation to body surface 
area in older adults. 


Sinuses of Valsalva (cm) 





14 16 18 


TABLE IV Sex-Specific Criteria for Upper Normal Limits © 
Aortic Root Dimensions in Adults* 


Men Women 


Indexed: 


(cm/mm?) 


Absolute 
(cm) 


2.6 (97) 


Absolute 
(cm) 


Anulus (%) 3.1 (97) 
Sinuses of Valsalva (%) 4.0(99) 2.1(99) 3.6 (96) 
Supraaortic ridge (%) 3.6(97) 1.9(98) 3.2 (100) 


* Specificity of each criterion among normal adults is given in parentheses. ~ 


Indexed 
(cm/m?) 


1.6 (100) 





tematically lower than 2-dimensional measurements 

a mean of 2 mm. This probably is due to the motion 
the base of the heart toward the apex during left ven- 
tricular ejection followed by recoil superiorly during 
ventricular filling causing a cursor beam traversing th 
sinuses of Valsalva in mid-systole to pass closer tothe 
aortic anulus by end-diastole. This cyclic shift between 
the sinuses of Valsalva and the aortic anulus results 
understatement of aortic root size at end-diastole on i 
dependent M-mode tracings or M-mode tracings ta 
from 2-dimensional short-axis views. Thus, the norma 
ity of 2-dimensional aortic root measurements must 





y?169 +062 x 


r=0.38 
p<0.0005 





Supra-aortic ridge (cm) 


20 22 24 14 16 


Body. surface areo (mê) 








gnoses 
‘in 40% of normal children and 19% of normal 
adults i in the present study, are to be avoided. 
~The clinical importance of 2-dimensional aortic root 
~ measurements lies in the recently recognized adverse 
-prognostic significance of dilatation extending above the 
sinuses of Valsalva to the supraaortic ridge. Patients 
_ without the Marfan syndrome but with this generalized 
aortic root dilatation as a cause of aortic regurgitation 
_ have more severe left ventricular dilatation, hypertrophy 
-and dysfunction and are more likely to require aortic 
surgery than are patients with aortic regurgitation due 
to valvular disease or localized aortic root dilatation.! A 
“similar increased likelihood of aortic complications has 
been noted in Marfan patients with generalized aortic 
~ root dilatation.? Guiney et al? found faster clinical pro- 
- gression in patients with aortic regurgitation due to non- 
inflammatory aortic root disease than in those with 
< rheumatic valvular disease. These observations likely re- 
- flect. the importance of aortic diameter at the supraaor- 
tic ridge, the point of commissural insertion, in deter- 
-mining the extent of disruption of leaflet coaptation and 
` hence the likelihood and severity of aortic regurgitation. 
-` Evaluation of the ratio of supraaortic ridge to anular 
-diameter in patients with aortic root or valve disease 
< may allow more precise identification of patients at 
greatest risk for complications than provided by simple 
_ classification of aortic root dilatation as generalized or 
» Jocalized to the sinuses of Valsalva. It is also possible 
that enlargement of the supraaortic ridge may contrib- 
ute to the increased frequency of aortic regurgitation in 
elderly patients? by distorting valve geometry. 
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BACK 
IN THE PINK 


In the post-MI heart failure patient, the inotropic 
action of dobutamine increases tissue perfusion 
while maintaining a favorable impact on the 
determinants of myocardial oxygen consumption. 


DOBUTAMINE -CI 


See adjacent page for brief summary of prescribing information. 
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may pro- 
or ventric- 


mmary. Consult the package literature for prescribing information: 


Clinical Pharmacology: Dobutrex Solution is a direct-acting inotropic agent whose 
primary activity results from stimulation of the 8-receptors of the heart while producing 
mparatively mild chronotropic, hypertensive, arrhythmogenic, and vasodilative 
effects. it does not cause the release of endogenous norepinephrine, as does dopamine. 
f nal studies, dobutamine produces less increase in heart rate and less decrease in 
peripheral vascular resistance for a given inotropic effect than does isoproterenol. 
‘Inpatients. with depressed cardiac function, both dobutamine and isoproterenol 
increase the cardiac output to a similar degree. in the case of dobutamine, this increase 
is uSually not accompanied by marked increases in heart rate (although tachycardia is 
-OCcasionally observed), and the cardiac stroke volume is usually increased. in contrast, 
isoproterenol increases the cardiac index primarily by increasing the heart rate while 
“stroke volume changes little or declines. 
Facilitation of atrioventricular conduction has been observed in human electrophysio- 
logic studies and in patients with atrial fibrillation. 
< Systemic vascular resistance is usually decreased with administration of dobutamine. 
. Occasionally, minimum vasoconstriction has been observed. 
Most clinical experience with dobutamine is short term—not more than several hours 
_ induration. in the limited number of patients who were studied for 24, 48, and 72 hours, a 
ersistent increase in cardiac output occurred in some, whereas output returned toward 
aseline values in others. 
Theonsetofactionof Dobutrex Solutionis within one to two minutes; however, as much 
as ten minutes may be required to obtain the peak effect of a particular infusion rate. 
~ The plasma half-life of dobutamine in humans is two minutes. The principal routes of 
metabolism are methylation of the catechol and conjugation. In human urine, the major 
‘etion products are the conjugates of dobutamine and 3-O-methy! dobutamine. The 
methyl derivative of dobutamine is inactive. 
Alteration of synaptic concentrations of catecholamines with either reserpine or 
tricyclic antidepressants does not alter the actions of dobutamine in animals, which 
indicates that the actions of dobutamine are not dependent on presynaptic mechanisms. 


Indications and Usage: Dobutrex Solution is indicated when parenteral therapy is 
ecessary for inotropic support in the short-term treatment of adults with cardiac 
‘decompensation due to depressed contractility resulting either from organic heart 

disease or from cardiac surgical procedures. 

-“In-patients who have atrial fibrillation with rapid ventricular response, a digitalis 

preparation should be used prior to institution of therapy with Dobutrex Solution. 

ntraindications: Dobutrex Solution is contraindicated in patients with idiopathic 

A trophic subaortic stenosis and in patients who have shown previous mariifesta- 

ions of hypersensitivity to Dobutrex Solution. 

Warnings: 1. /ncrease in Heart Rate or Blood Pressure— Dobutrex Solution may cause a 

Markdd increase in heart rate or blood pressure, especially systolic pressure. Approxi- 

ly 10° of patients in clinical studies have had rate increases of 30 beats/minute or 
more and about 7.5% have had a §0-mm Hg or greater increase in systolic pressure. 

Usually. reduction of dosage reverses these effects. Because dobutamine facilitates 

atrioventricular conduction, patients with atrial fibrillation are at risk of developing rapid 

ntricular response. Patients with preexisting hypertension appear to face an 
increased risk of developing an exaggerated pressor response. 

Ectopic Activity-Dobutrex Solution may precipitate or exacerbate ventricular 

pic activity, but it rarely has caused ventricular tachycardia. 

3. Hypersensitivity— Reactions suggestive of hypersensitivity associated with admin- 
stration of Dobutrex Solution, including skin rash, fever, eosinophilia, and bron- 
spasm, have been reported occasionally. 
4Dobutrex Solution contains sodium bisulfite, a sulfite that may cause allergic-type 
‘eactions, including anaphylactic symptoms and life-threatening or less severe asth- 

Matic episodes. in certain susceptibie people. The overall prevalence of sulfite sensitiv- 
ity in the general population is unknown and probably low. Sulfite sensitivity is seen more 

equently in asthmatic than in nonasthmatic people. 

Precautions; 1. During the administration of Dobutrex Solution, as with any adrener- 

agent, ECG and blood pressure should be continuously monitored. in addition, 
pulmonary wedge pressure and cardiac output should be monitored whenever 
ssibie to.aid in the safe and effective infusion of Dobutrex Solution. 
_2. Hypovolemia should be corrected with suitable volume expanders before treatment 
with Dobutrex Solution is instituted. 

3. Animal studies indicate that dobutamine may be ineffective if the patient has 

‘ecently received a B-blocking drug. In such a case. the peripheral vascular resistance 

increase. - 

© 4: No.improvement may be observed in the presence of marked mechanical obstruc- 
ion, such as:severe valvular aortic stenosis. 

‘Usage Following Acute Myocardial Infarction~ Clinical experience with Dobutrex Solu- 
Nn: following myocardial infarction has been insufficient to establish the safety of the 
_ drug forthis use. There is concern that any agent that increases contractile force and 
heart rate may increase the size of an infarction by intensifying ischemia, but it is not 
‘known whether dobutamine does so. 
Usagein Pregnancy —~ Reproduction studies performedinrats and rabbits haverevealed 
no evidence of impaired fertility, harm to the fetus, or teratogenic effects due to dobuta- 
mine: However, the drug has not been administered to pregnant women and should be 
ised only when the expected benefits clearly outweigh the potential risks to the fetus. 
` Pediatric Use- The safety and effectiveness of Dobutrex Solution for use in children 
ave not been studied. 
“Drug Interactions There was no evidence of drug interactions in clinical studies in 
which Dobutrex Solution was administered concurrently with other drugs, including 
igitais preparations, furosemide, spironolactone, lidocaine, glyceryl trinitrate, isosor- 
ide dinitrate, morphine, atropine, heparin, protamine, potassium chloride, folic acid, and 
acetaminophen, Preliminary studies indicate that the concomitant use of dobutamine 
ind nitroprusside results in a higher cardiac output and, usually, a lower pulmonary 
wedge pressure than when either drug is used alone. 
Adverse Reactions: increased Heart Rate, Blood Pressure, and Ventricular Ectopic Activ- 
A 10- to 20-mm increase in systolic blood pressure and an increase in heart rate of 
‘510 15 beats/minute have been noted in most patients. {See Warnings regarding exagger- 
ted chronotropic and pressor effects.) Approximately 5% of patients have had increased 
mature ventricular beats during infusions. These effects are dose related. 
‘Hypotension—Precipitous decreases in blood pressure have occasionally been 
lescribedin association wth dobutamine therapy. Decreasing the dose or discontinuing 
f ion typically results in rapid return of blood pressure to baseline values. in rare 
ever, intervention may be required and reversibility may not be immediate. 
_ Reactions at Sites of Intravenous Infusion~Phiebitis has occasionally been reported. 
inflammatory changes have been described following inadvertent infiltration. 
Miscellaneous Uncommon Effects— The following adverse effects have been reported 
1%: to 3% of patients: nausea, headache, anginal pain, nonspecific chest pain, 
id shortness of breath. 

} boratory values attributable to Dobutrex Solution have been observed. 
onger-Term Safety- Infusions of up to 72 hours have revealed no adverse effects 
er than those seen with shorter infusions. : 
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ational and cultural opportunities. Send CV to: Louis C. Bernhardt, - 
M.D., Dean Medical Center, Madison, WI 53715... 














THIRD CARDIOLOGIST—well established group practice located in 
beautiful Northern California wine country seeks third invasive/non- 
invasive cardiologist. Catheterization skills required with potential for 
angioplasty. Excellent salary, benefits, security and ample time off. 
Please send C.V. to Richard Zweig, M.D., 401 Bicentennial Way, Santa 
Rosa, CA 95403-2192. 







CARDIOLOGIST: Ohio, BC/BE, with training in invasive and 
noninvasive procedures. To join three BC, F.A.C.C. cardiolo- 
gists in consultative cardiology practice. Position available 


July 1, 1989 or earlier if possible. Please send curriculum vitae 
and convenient date for interview to Box 955, The American 
Journal of Cardiology, 249 W. 17th St., New York, N.Y. 10011. 











CARDIOLOGISTS 


Invasive and Non-Invasive 


This 200 physician, multi-specialty group current- 
ly has associateships available in the above spe- 
cialties. The group is hospital based in Northeast- 
ern Pennsylvania at the New York State border. 
Our state-of-the-art facility offers medical school 
teaching affiliations as well as clinical research 
opportunities. Residency programs are conducted 
in Internal Medicine and General Surgery. Physi- 
cians seeking challenging and rewarding practice 
opportunities, excellent salaries and benefits, 
combined with rural living and endless recreation- 
al opportunities are encouraged to submit a letter 
and curriculum vitae to: 


Guthrie Clinic Ltd. 
Sayre, PA 18840 
(717) 888-5858 
ATTN: G. V. Ippolito 
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nitrOglycerin 


2.5 mg! (24 hr, 5 mg/24 hr, 10 mg/24 hr, 15 mgi2 24 hr l 
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Helps angina . 
patients get more’ 
out of life : 


e, i reduces both the 


Arequency of anginal attacks and the 
need for subungual nitroglycerin’ 


Preferred: by patients over 7 to 1 for 
convenience compared to their 
previous long-acting oraftnitrate; only ~: 
12% had:nopreferéhce (n= 4,300)? =" 


All transdermal hitreglycerin products. are being matketed pending 
final evaluationiof éffectiVeness bythe FLA: Please consult a 
brief summary of Prescribing, InfornaatiGh-en.the following page? + 












































































































DICATIONS AND USAGE 000 io cii : 

_ This drug product has been conditionally approved by the 

FDA for the prevention and treatment of angina pectoris 
due to coronary artery disease. The conditional approval 

~ reflects a determination that the drug may be marketed 
while further investigation of its effectiveness is 
undertaken. A final evaluation of the effectiveness of the 
product will be announced by the FDA. 


CONTRAINDICATIONS — ah 
Intolerance of organic nitrate drugs, marked anemia, increased 
intraocular pressure or increased intracranial pressure 


WARNINGS 

In patients with acute myocardial infarction or congestive heart 
failure, Transderm-Nitro system should be used under careful 
Clinical and/or hemodynamic monitoring. 

In terminating treatment of anginal patients, both the dosage 
and frequency of application must be gradually reduced over a 
period of 4 to 6 weeks to prevent sudden withdrawal reactions, 
wet are characteristic of all vasodilators in the nitroglycerin 
class, 

Transdermal de oo systems should be removed before 
paral defibrillation or cardioversion because of the 

poen jal for altered electrical conductivity which may enhance 
he possibility of arcing, a phenomenon associated with the 
use of defibrillators. 


PRECAUTIONS . . 

Symptoms of hypotension, such as faintness, weakness or 
dizziness, particularly orthostatic hypotension may be due to 
overdosage. When these symptoms occur, the dosage should 
be reduced or use of the product discontinued. 
Transderm-Nitro system is not intended for immediate relief of 
anginal attacks. For this purpose occasional use of the 
sublingual preparations may be necessary. 


ADVERSE REACTIONS 

Transient headaches are the most common side effect, 
especially when higher doses of the drug are used. These 
headaches should be treated with mild analgesics while 
Transderm-Nitro therapy is continued. When such headaches 
are unresponsive to treatment, the nitroglycerin dosage 
should be reduced or use of the product discontinued. 


Adverse reactions reported less irequently include hypotension, 


increased heart rate, faintness, flushing. dizziness. nausea 
and vomiting. These symptoms are attributable to the known 
pharmacologic effects of nitroglycerin, but may be symptoms 
of overdosage. When they persist the dose shouid be reduced 
or use of the product discontinued. In some patients, 
dermatitis may occur. 


DOSAGE AND ADMINISTRATION 
Therapy should be initiated with application of one Transderm- 
Nitro 5 mg/24 hr system to the desired area of skin. Many 
patients prefer the chest; if hair is likely to interfere with 
system adhesion or removal. it can be clipped prior to place- 
ment of the system. Each System is designed to remain in 
piace for 24 hours, and each successive application shouid be 
to a different skin area. Transderm-Nitro system should not be 
antes to the distal parts of the extremities. 
The usual dosage is one Transderm-Nitro 5 mg/24 hr system. 
Some patients, however, may require the Transderm-Nitro 
10 mg/24 hr system. If a single Transderm-Nitro § mg/24 hr 
system fails to provide adequate clinical response, the patient 
should be instructed to remove it and apply either two 
Transderm-Nitro 5 mg/24 hr systems or one Transderm-Nitro 
10 mgi24 hr system. More systems may be added as 
indicated by continued careful monitoring of clinical response 
The Transderm-Nitro 2.5 mg/24 hr system is useful principally 
for decreasing the dosage gradually, though it may provide 
adequate therapy for some patients when used alone. 
The optimal dosage should be selected based upon the clinicai 
response, side effects, and the effects of therapy upon blood 
pressure. The greatest attainable decrease in resting blood 
pressure that is not associated with clinical symptoms of 

ypotension especially during orthostasis indicates the 
optimal dosage. To decrease adverse reactions, the size 
and/or number of systems shouid be tailored to the individual 

tient's needs. 
oO not store above 86°F (30°C). 


» PATIENT INSTRUCTIONS FOR APPLICATIONS 
A patient leaflet is supplied with the systems. 
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iology only group practi th 

Central Texas Metroplex Area. All aspects — 
of invasive and non-invasive Cardiology of- 
fered in tertiary hospital setting. Early part- 
nership. Please reply Box 1010, The Amer- 
ican Journal of Cardiology, 249 W. 17th. 
St., NY, NY 10011. on 
















CARDIOLOGIST with electrophysiology skills. Consultative 
practice to include clinical inpatient and outpatient, CCU pro- 
cedures, noninvasives, cardiac catheterization (if desired) and’ 
invasive electrophysiology. To join three member division.on 
or before July 1990 in large private practice multispecialty 
group in Northern California an hour and a half drive from Sari 
Francisco. Pleasant growing community of 150,000 with ex- 
cellent benefits and salary. Please respond to ©. V. Allen,’ 
M.D., Medical Director, Gould Medical Group, 600 Coffee 
Road, Modesto, CA 95355. 









EMERGING CONCEPTS IN CARDIOVASCULAR SUR- 
GERY AND PATIENT MANAGEMENT FEATURING DEN- © 
TON A. COOLEY, M.D., NOVEMBER 10-11, 1989—- 
PALM SPRINGS, CALIFORNIA. The Annenberg Center: 
for Health Sciences at Eisenhower in Rancho Mirage: 
(Paim Springs), California, is presenting a 2-day Cardio- 
vascular Update Conference including perspectives of 
Anesthesiology, Cardiology and Infectious Disease. Up to 
10 hours CME Credit offered. Contact: Karen Thomas at 
800-321-3690 (U.S.), or (619) 773-4500. 


CARDIOLOGIST—Non-invasive BC-BE to join a superior and 
growing multispecialty group in northwestern PA college town, ` 
Excellent living and working environment. Attractive salary and 
benefits. Send CV to Box 1015, The American Journal of Car- 
diology, 249 W. 17th St., New York, NY 10011. 


CARDIOLOGIST 
PACIFIC NORTHWEST 


Position available for invasive cardiologist with large multispecialty 
group in Portland, Oregon. Practice provides wide variety of cases, 
stimulating professional environment, and quality lifestyle in beauti- 
ful Pacific Northwest. Competitive salary and comprehensive bene- 
fits, including generous pension program, sabbatical leave and pro- ` 
fessional liability coverage. Forward inquiry and CV to: i 
Fred M. Nomura, MD. ` 
Regional. Medical Director 
- Northwest Permanente, P.O. 
3600 N: Interstate Avenue. 
Portland, Oregon 97227: 


Maximal | Coronary ` Vasodilator Capacity 
o Orthotopic Heart Transplants in Patients 
; With and Without Rejection 


Alain Nitenberg, MD, Oscar Tavolaro, MD, Daniel Loisance, MD, Jean-Marc Foult, MD, 
Luc Hittinger, MD, Eduardo Aptecar, MD, and Jean-Paul Cachera, MD 


n cardiac allograft rejection, histopathologic 
i nges suggesting that myocardial ischemia is a 
component of the rejection process have been docu- 
mented. To further define the coronary vascular re- 
activity of human heart transplant, coronary sinus 
‘blood flow and coronary resistance were measured 
“before and after intravenous dipyridamole within 
first year after transplantation in 8 patients 
thout rejection (group II) and in 5 patients with 
-rejection (group Ili). All had normal coronary arte- 
riograms. Results were compared to those of 8 
control subjects (group I). After dipyridamole, coro 
nary sinus blood flow was increased in groups I, n 
-and Ill by 303, 212 (p <0.01 vs group I) and 45%, 
respectively (p <0.001 vs groups | and li). Coro- 
ry resistance was reduced by 77, 73 (not signifi- 
nt vs group 1) and 36%, respectively (p <0.001 
groups | and il). Concomitantly, coronary sinus 
vod oxygen content was increased by 172, 145 
t significant vs group |) and 78%, respectively {p 
0.001 vs group I, not significant vs group Il). 


the coronary resistance reserve evaluated by 
the basal/dipyridamole coronary resistance ratio 

`- were dramatically impaired in group Ill (1.56 + 
- 0,09 and 1.63 + 0.30, respectively, p <0.001 vs 


Pe groups | and Il). In contrast, they were almost nor- 


mali in group Il (3.11 + 0.42 vs 4.03 + 0.52 in 
1, p <0.02, and 3.83 + 0.78 vs 4.45 + 0.81 
group I, difference not significant). Thus, the im- 
airment of coronary reserve during heart rejection 
should be linked to abnormalities of the coronary 
‘microvasculature. This emphasizes the important 
involvement of the coronary circulation in the rejec- 
tion process. 
(Am J Cardiol 1989;64:513-518) 


rom the Service de Physiologie et d’Explorations Fonctionnelles, Insti- 
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Recherches Chirurgicales, Service de Cardiologie, Hépital Henri Mon- 
; éteil, France. Manuscript received September 23, 1988; revised 
t received December 5,.1988, and accepted May 30, 1989. 
for reprints: Alain Nitenberg, MD, CHU Xavier-Bichat, 
3 uchard, TSRIT Panis, Cedex 18, France. = 


feature during kidney,! liver? and lung? rejection. — 

Vascular injury during kidney graft rejection has _ 
resulted in alterations of total renal blood flow and sen- 
sitivity to vasodilatory drugs,* suggesting that vasocon- 
striction may contribute to the development of irrevers- 
ible pathologic changes. In cardiac allografts, endotheli- 
al edema, intimal proliferation and vascular necrosis 
develop during rejection and foci of myocardial in- 
farction are often found,® suggesting that myocardial- 
ischemia is a component of the rejection process. Prev 
ous studies have shown that in the immediate posttrans-. 
planted dog heart, the response of the coronary circul: 
tion to vasodilator drugs is normal.’ During rejection, : 
however, coronary blood flow is decreased,’ and pea 
reactive hyperemia and coronary vascular reactivity t 
adenosine and dipyridamole are impaired.? In huma 
orthotopic heart transplants without rejection, coronary 
sinus blood flow increases normally during atrial pac 
ing! or after dipyridamole. !! 

To define further the involvement of the coronar 
circulation during human heart rejection, coronary va 
cular reactivity to dipyridamole vasodilation, i.e; th 
coronary reserve,'? was evaluated within the first yea 
after transplantation in patients with and without histo- 
logic signs of rejection. Results were compared to those _ 
of control subjects. 


À Jascular injury has been documented as a common a 


METHODS 

Patients: Eight patients without chest pain who were 
not taking medication served as control subjects. (grou 
I). There were 6 women and 2 men whose ages rangi 
from 31 to 63 years (mean + standard deviation, 45 
11). All 8 had normal left ventricular function (Table I). 
and angiographically normal coronary arteries. : 

Thirteen male patients undergoing orthotopic heart 


transplantation were included in the study. All received 


immunosuppressive therapy with prednisone (0.3 mg/- 
kg/day) and cyclosporine (2 to 5 mg/kg/day) adjusted 
to maintain levels between 600 and 900 ng/ml of blood. 
Five of the 13 patients received azathioprine (1.5 mg 
kg/day). Histologic findings from right ventricular: e 
domyocardial biopsies (at least 3 samples/patient) wet 


graded according to Billingham’s criteria. 3 In 8 pae 


tients, whose ages ranged from 29 to 56 years (mean + — 


standard deviation, 48 + 13), biopsies did not show any 


sign of rejection (group H). In 5 patients, whose 
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142 + 28 
<0.01 


76 +18 
NS 


89 +17 
NS 


31 +14 
NS 


6l +6 
NS 


Group Il 
P value 
vs group | 














Group HI 140418 8049 82418 36416 5549 
P value <0.01 <0.02 NS NS NS 

vs group | 
P value NS NS NS NS NS 







vs group Il 













Values are mean + standard deviation. 
EDV = end-diastolic volume; EF = ejection fraction; ESV = end-systolic volume; LVM 
= left ventricular mass; NS = not significant. 

































ranged from 46 to 63 years (mean + standard devi- 
ation, 52 + 7), endomyocardial biopsies showed mild to 
moderate rejection defined by cellular infiltration with- 
¿cout or with myocyte necrosis (group HI). 
Catheterization procedure: Cardiac catheterization 
¿was performed after the patients gave informed consent. 
‘All patients were in the fasting state for at least 12 
-hours before the procedure. No premedication was ad- 
< ministered. Using 1% lidocaine as a local anesthesia, a 
~ Fr high-fidelity, double-tipped micromanometer cathe- 
ter (PC-770, Millar Instruments) was positioned to re- 
-cord left ventricular and aortic pressures simultaneous- 
. ly. A 7Fr sheath was placed into the other femoral 
artery for left ventriculography and coronary arteriog- 
raphy. A 7Fr Swan-Ganz thermodilution catheter (Ed- 
wards Laboratories) was placed into the pulmonary ar- 
tery for cardiac output determinations (cardiac output 
computer 9520 A, Edwards Laboratories). A 7Fr coro- 
nary sinus thermodilution catheter (Wilton Webster 
Laboratories) was positioned into the coronary sinus for 
coronary sinus blood flow measurements; the position of 
the catheter was controlled by fluoroscopy before each 
measurement to place the proximal thermistor in front 
of the posterior interventricular vein entering the coro- 
nary sinus. 
=<. Protocol: Thirty minutes after left ventricular angi- 
- ography (1 ml/kg body weight ioxaglate) and coronary 
arteriography were done, basal left ventricular, aortic 
-and right atrial pressures, cardiac output and coronary 
sinus blood flow were measured. Arterial, pulmonary 
“artery and sinus blood samples were obtained. The en- 
-`+ tire procedure was repeated 5 minutes after the end of a 
tight atrial infusion of 0.14 to 0.18 mg/kg/min of dipy- 
“ridamole over 4 minutes. To induce a coronary hyper- 
--emic reaction, 8 ml of contrast medium was infused into 
_ the left coronary artery'* during the basal condition and 
_ after administration of dipyridamole, while coronary si- 
nus blood flow: was continuously recorded. 
Data analysis and calculations: Cardiac output was 
ned by the thermodilution method, and coronary 















lood flow by the continuous `! thermodilution ~ 


pressures and systemic vascula 


n right atria 
“resistances were calci- 
lated by a computer system (Hewlett-Packard, mode’ 
5600M). Left ventricular end-diastolic and end-systolic 
volumes as well as ejection fraction were calculated 
from the monoplane angiogram (100 frames/s) in a 30° 
right anterior oblique projection using the area-length 
method.!° Left ventricular mass was calculated accord: 
ing to the equation of Trenouth et al. 

Coronary sinus blood flow was assumed to be repre- 
sentative of the total left ventricular myocardial blood 
flow! and values were expressed for 100 g of left ven- 
tricular mass. The coronary resistance for the left ven- 
tricular myocardial flow (mm Hg/ml/100 g/min) was 
calculated as (mean aortic pressure — left ventricular 
end-diastolic pressure) (mm Hg)/coronary sinus. blood 
flow (ml/100 g/min). Oxygen content of blood samples 
was determined by the galvanic cell method (Lex O; 
Con K, Waltham Instruments) and oxygen pressure 
was determined with a Clark PO) electrode (polarizing 
voltage between anode and cathode, ABL 30, Radiome- 
ter). 

Statistical methods: Mean + standard deviation val- 
ues were calculated for each variable. Comparison -be- 
tween each group was examined using an unpaired t 
test. Control and dipyridamole data in each group were 
compared using a paired ¢ test. Significance was at the 
p <0.05 level. 












RESULTS 

Angiographic data: Coronary arteriography showed 
large and nonrigid epicardial coronary arteries in all the 
transplanted patients (Table I). Patients with heart 
transplantation had significantly higher left ventricular 
mass than control subjects. However, indexed mass was 
higher versus controls only in group II. There was no 
difference among the 3 groups for indexed volumes and 
ejection fraction. 

Hemodynamic data: Basal values of left ventiieulat 
end-diastolic and systolic pressures, mean right atrial 
pressure, mean aortic pressure, systemic vascular resis- 
tances and rate pressure product were similar in the 3 
groups (Table II). Patients without heart rejection had 
a moderate reduction of cardiac index and heart rate 
was significantly higher in group II] compared to group 
IL. 

The dipyridamole infusion resulted in an elevation of 
heart rate and cardiac index in groups I and II. Mean 
aortic pressure and systemic vascular resistances were. 
reduced in the 3 groups; left ventricular systolic pressure 
decreased only in group H. Comparison between: the 
groups showed little differences: cardiac index remained 
moderately lower versus control subjects in group H and 
mean right atrial pressure was higher versus the other A 
groups in group IH. 
Coronary hemodynamics and myocardial. metabo- 
lism: Basal values of coronary sinus blood flow per 100 
g of left ventricular mass and emy sinus blood ey 

IE le 

















en dynamic Data During the Basal State and After Administration of Dipyridamole 


Group li 


p. Value 
Group lil 
vs Group | 


p Value 
Group It 
Group II! vs Group | 


8 


103 
£18 


3.0 
+0.6 


133 
+39 


12 
+9 


7 
+5 


p Value: 
Group Ili 
vs Groupie => 





107 92 
+19 £13 
<0.01 

12.2 
+ 3.2 
- <0.001 
12,777 10,825 10,357 
+ 2,890 +2,222 +1677 
NS NS 
falues are mean + standard deviation. 


= basal: bpm = beats/min; 
ean aortic pressure; MRAP = mean right atrial pressure; NS = not significant; RPP = 


18.1 
+38 


11,279 
+ 2,808 





wer versus group I only. in group HI. Arterial cor- 

sinus blood oxygen difference in all the trans- 

d patients was significantly lower than in group I 

mparable in groups I] and HI. The transplanted 

patients had a reduction in hemoglobin content com- 

ated. to control subjects; this was significantly more 
mportant in group HI. 

< After dipyridamole infusion, coronary sinus blood 

_ flow and coronary sinus blood oxygen content increased 

‘significantly in the 3 groups. Concomitantly, coronary 

istance and arterial-coronary sinus blood oxygen dif- 

ference were reduced. In group II, values of coronary 

sinus blood flow, coronary resistance, coronary sinus 

blood oxygen content and arterial-coronary sinus blood 

gen difference were similar to those in group I. Pa- 

nts with heart rejection had significantly lower values 

ronary sinus blood flow and coronary sinus blood 

en content, and higher values of coronary resis- 

> and. arterial-coronary sinus blood oxygen differ- 

than the other 2 groups. The percent changes from 


jaatially lower in group III than in the other 2 groups, 
pt for the coronary sinus blood oxygen content val- 
groups II and II. The variations were similar in 
land H except for the coronary sinus blood flow 


105 95 
+22 


19.1 
+56 


13,370 
+ 3,138 


= cardiac index; D = dipyridamole; HR = heart rate; LVEDP = left ventricular end-diastolic pressure; LVSP = left ventricular systolic pressure; MAP 


+22 
<0.05 
14.5 
45.1 
<0.05 
12,083 
+ 3,082 
NS 


rate pressure product; SVR = systemic vascular resistance. 








was, however, comparable (Figure 2). In group TH, cor- 
onary flow and resistance reserve were dramaticall 
weak and significantly lower than in the other 2 gro PS 
(Figure 2). 
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ABLE m ‘Coronary Circulation and | Myocardial Metabolism Data Oret the Basal State and After Adminstr tion of Dipyridamole 





CSBF CR 
(ml/min 100 g) 





B D 





Pt 


Group | (control subjects) 


Mean 105 418 

+ SD 24 98 0.09 0.03 
P value <0.001 <0.001 

Bvs D 
Group li (no heart rejection) 

9 149 434 0.87 0.24 
10 131 372 0.63 0.17 
ll 98 387 0.94 0.17 
12 136 422 0.71 0.20 
13 123 365 0.88 0.23 
14 79 263 1.03 0.30 
15 114 374 0.89 0.22 
16 121 309 0.73 0.24 
Mean 119 366 0.84 0.22 

+ SD 22 56 0.13 0.04 
P value <0.001 <0.001 
BysD 
P value NS NS NS NS 
vs group | 
Group ll! (heart rejection) 
17 161 259 0.66 0.34 
18 130 143 0.97 0.85 
“19 103 151 0.74 0.39 
20 120 193 0.54 0.32 
21 133 196 0.70 0.47 
Mean 129 188 0.72 0.47 
+ SD 21 46 0.16 0.22 
<0.02 <0.01 
P value NS <0.001 <0.05 <0.02 
ys group | 
¿P value NS <0.001 NS <0.02 


vs group l! 


‘DISCUSSION 

Animal studies have demonstrated that the response 
f the coronary circulation to vasodilator drugs is nor- 
mal in the nonrejecting heart’ but is decreased during 
jection.’ In human cardiac allograft without rejection 
‘the changes in coronary hemodynamics in response to a 
table increase in the metabolic demand are similar to 
-those of normal subjects.!° More recently, it has been 
shown that the coronary vascular reserve was almost 
normal in patients without heart rejection.!! The major 
( bserv: ion of this study was that the coronary flow and 
I : e, assessed by dipyridamole-induced 










impaired in pa- 








(mm Hg/mi/min/100 g) 


A:CSO2D = atrial-coronary sinus blood flow oxygen difference; CR = coronary resistance; CSBF = coronary sinus blood flow; CSO2 = coronary sinus blood oxygen conte 
ET. hemoglobin concentration in arterial blood (no coronary sinus blood gas was available for patient 14); SD = standard deviation; other abbrevations as in Table fl. 
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(mi /100 mi) 
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0.3 0.4 0.9 04 04 
<0.001 <0.001 
5.2 11.4 9.4 3.5 11.6 
42 13.4 10.9 3.0 12.4 
77 15.1 10.1 3.0 13.5 
8.3 12.7 9.4 45 13.1 
5.0 15.6 12.8 27 14.0 
— — — — 119: 
4.6 14.3 11.6 2.4 22o 
5.2 10.7 9.7 43 E 
5.7 13.3 10.6 3.3 12.5: 
1.6 18 13 08 Oo 
<0.001 <0.001 a 
NS NS <0.01 NS <0.001 
3 8.9 11.8 6.6 9.4 
41 6.6 115 9.1 11.3 
4.4 79 97 5.3 10.5 
4.3 77 11.3 7.6 10.8 
6.0 7.0 74 66 10.7 
4.5 7.6 10.3 7.0 10.5 
09 0.9 18 14 07 
<0.02 <0.02 
NS <0.001 <0.02 <0.001 
NS <0.001 NS <0.001 


Limitations: Concerns related to coronary reserve 
evaluation and measurement of coronary blood fl 
man have been recently addressed.!?20 Coronary sini 
blood flow was assumed to be representative of the tota! 
left ventricular blood flow. Although this assumption is 
based on anatomic studies,'® the thermodilution method 
does not exactly define the mass of myocardium being 
drained. However, our basal values of coronary flo 
expressed for 100 g of left ventricular mass in all 
groups—are not different from values obtained by othe: 
methods.”! It has also been pointed out that paclus ns 
















‘based only on large- changes. in coronar 
flow | oe) i i l 


- le data as well as for dipyridamole data be- 
tween group III and the other 2 groups. Furthermore, 
ch patient served as his own control and coronary vas- 
reserve was evaluated by means of flow and resis- 


Because coronary reserve depends on the level of 
basal myocardial requirement, differences between the 


groups could be the result of a higher basal coronary 


`: blood flow due to higher basal oxygen requirement. Our 


-data showed little differences among the groups for bas- 


-al heart rate (moderately increased in group III) and 
basal cardiac index (moderately reduced in group II). 
Left ventricular pressures, mean aortic pressure, sys- 
emic vascular resistances and rate pressure product 
were similar in patients with heart transplants and in 
ntrol subjects. In addition, left ventricular volumes 
nd ejection fraction were comparable in the 3 groups, 
and the trend toward an increased left ventricular mass 
-in patients with heart transplants, which has been previ- 
ously Teported, 22 cannot account for the important re- 
on in coronary vascular reserve observed in group 

Nevertheless, the lower hemoglobin content in the 

msplanted groups could explain why basal coronary 
flow was slightly higher in these patients and 
coul contribute to the reduction in coronary flow re- 
serve in both groups, and to the reduction in coronary 
resistance reserve in group III. 

It is also possible that dipyridamole-induced vasodi- 
lation.could have been nonmaximal. It can be reason- 
ably assumed that a near maximal coronary vasodila- 

was reached in all the patients because a superim- 

ed vasodilator stimulus—i.e., the injection of 8 ml 
contrast material into the left coronary artery!4—did 

not further increase the coronary sinus blood flow in 
any patient. Therefore, the significantly lower coronary 
flow in group HI compared to groups I and II after 
‘dipyridamole cannot result either from a nonmaximal 
dipyridamole-induced vasodilation or from any hemody- 


namic differences. All the measured hemodynamic pa- 


rameters related to left ventricular oxygen requirement 
remained comparable in the 3 groups. 

-© Lastly, it is assumed that the control subjects had a 
normal coronary reserve, even though no subject was 


ss without ‘heart disease. All subjects in this group did 


have normal coronary arteriograms and left ventricular 
function indexes. In addition, the values for coronary 
reserve agree with previously published data after intra- 
venous dipyridamole in normal subjects.” 
Factors that could alter the coronary vascular re- 
serve in patients with heart transplants: Although cor- 
onary arterial lesions due to accelerated coronary ath- 
rosclerosis in patients treated with cyclosporine-predni- 
one could impair coronary reserve,** the alterations 
served in this study should be linked to abnormalities 
of the distal circulation because coronary arteriograms 
-evide ced large and nonrigid epicardial arteries in all 


without heart rejection, only the-coronary. 
as moderately reduced. This resulted both 
nt gher basal ooronary ow and lower 


maximal coronary flow. than in control subjects, Th 
latter could be due to a previous rejection crisis, whick 
could have induced small areas of fibrotic scars in the 
myocardium resulting in an impairment of the capacity 
of arteriolar vasodilation by extravascular compression, 
or medial fibrosis or reduction of the number of fun 
tional vessels.® However, because immunosuppressi 
treatment of acute rejection crisis is usually prompt it 
allows repair and replacement of capillaries and return 
to normal of most parenchymal cells.> This could ex- 
plain why only coronary flow reserve was moderately 
reduced in group II. Conversely, cyclosporine could al- 
ter the vascular response to dipyridamole via stimula- 
tion of the renin-angiotensin system, inhibition of pr 
taglandin mediated vasodilation, cyclosporine a agon- 
ism or arteriolopathy.”6 
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More striking was the severe reduction of coronary 
eserve in patients with heart rejection. The 2 groups of 
transplanted patients received similar treatment, and 
ad a similar number of previous episodes of rejection 
(1.6 £.0.8/patient in group I, 1.8 + 0.8 in group II, 
ference not significant). Left ventricular function in- 
exes in group III were comparable to those of the other 
2 groups, which is a common finding until late in the 
course of rejection®?4+?’; thus the higher reduction of 
coronary vascular reserve in group III versus group H 
should result from other factors. Large areas of fibrotic 
tissue due to previous episodes of rejection in group III 
could have resulted in reduction of coronary reserve, but 
it should have also significantly altered left ventricular 
function indexes. Moreover, this reduction of coronary 
eserve in group III should have occurred in areas of 
unctional myocardium with normal oxygen require- 
ments but not in fibrotic areas, because after dipyrida- 
‘mole the coronary sinus blood oxygen content was lower 
and the arterial-coronary sinus blood oxygen difference 
was higher than in group H. 

= Alternatively, the reduced coronary reserve in group 
-JH could be the result of the limitation of the vasodila- 
-tion due to structural alterations, which occurred in the 
vessels themselves or to immunologic responsiveness of 
“vascular wall. Vascular alterations during heart rejec- 
tion are similar to those observed in other homograft 
rejection.'~? Endothelial cell swelling, fibrin and platelet 
accumulation, arteriole medial necrosis, capillary injury 
and obliterative intimal proliferation could be responsi- 
ble for the increased vascular resistance.*8 Otherwise, 
myocardial edema and swelling of myocardial fibers 
may compress small blood vessels, and intimal and peri- 
< vascular lymphocyte and monocyte infiltration could be 
- responsible for the release of vasoactive substances 

‘that may limit the vascular reactivity to vasodilator 
_ drugs.”?? Vasoactive mediators, leukotrienes C4 and D4 
-released from leukocytes, macrophages and other cells 
produced in response to inflammatory reactions?° could 
have induced smooth muscle contraction and vasospasm 
_ in patients with heart rejection.3! All these pathophysio- 
logic mechanisms are probably involved during heart re- 
jection and may contribute to the major reduction in 
coronary reserve. The impairment of coronary reserve 
during rejection should be reversible with therapy be- 
cause patients without rejection had a similar number 
f previous episodes of rejection. This point deserves 
further investigation. 
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Effect of Weight Loss on Coagulation Factors 
VII and X 


John A. Baron, MD, MS, MSc, Jim Mann, DM, PhD, and Thérèse Stukel, PhD 


Coagulation plays an important role in the patho- 
genesis of coronary artery disease. Therefore, re- 
versing a tendency to thrombosis may be an avenue 
for its prevention. Because of an association be- 


R tween obesity and high levels of several coagulation 


S, the effect of weight loss on coagulation 
factors VII and X was investigated among subjects 
taking part in a 3-month weight loss study. At 
baseline, both coagulation factors were correlated 
with age, Quetelet’s index, total cholesterol and tri- 
glycerides. During the diet period, the subjects lost 
an average of 3.5 kg at 1 month and 4.2 kg at 3 
“months, whereas lipoproteins changed in only mi- 
nor ways. In the group as a whole, factor Vii and X 
both decreased at 1 month but returned to or ex- 
ceeded the baseline levels despite continued weight 
loss at 3 months. Although changes in weight, se- 
rum total cholesterol and triglycerides were corre- 
lated with the changes in the factors during the 
first month, during months 2 and 3 these correla- 
‘tions remained substantial only for triglycerides. 

_. Multiple regression analysis indicated that changes 


z `“ in weight, cholesterol and triglycerides could not 


explain the decreasing and increasing pattern in 
factors VII and X. These data suggest that weight 
itself does not explain the association between obe- 
sity and factors VII and X, and that weight loss 
does not effectively decrease the levels of these 
factors. 

(Am J Cardiol 1989;64:519-522) 
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coronary artery disease is documented both by ot 

servational research! and by the efficacy ¢ 
thrombolytic treatment of acute myocardial infarcti 
The increased risk of ischemic heart disease in persor 
with high circulating levels of fibrinogen and coagul 
tion factor VII supports these findings, and sugges 
that personal characteristics associated with elevatior 
of certain coagulation factors may predispose to. isc 
emic heart disease. 

High levels of factor VII have been associated wi 
several potentially modifiable characteristics includin 
obesity, hyperlipidemia and a Western-style diet. 
Therefore, among people with these traits, appropr 
intervention may lower the risk of ischemic heart di 
ease by reversing an enhanced tendency to thrombosi 
Such interventions are particularly attractive beca 
they might be effective late in the clinical evolution 
coronary artery disease, that is, in patients with esta 
lished atherosclerosis. However, only limited data ha 
been reported on efforts to lower factor VII. Althoug 
dietary manipulations may be effective in diabetics o 
those with hyperlipidemia,''!?!4 the effect of weig! 
loss has not been well investigated. Therefore, we inves 
tigated changes in factor VII in a 3-month study 
weight loss. We also measured changes in coagulati: 
factor X because this factor is elevated in diabetics, 
group at high risk for coronary heart disease.” 


T: importance of intracoronary ire i 


METHODS 

The design of the study and other results have pre 
ously been described.'© The study’s main goal was 
comparison of a low carbohydrate /| low fiber diet and 
low fat/higher carbohydrate diet in weight loss. One 
hundred thirty-five overweight subjects, ages 16 to 70 
years, were recruited in the Oxford (United Kingdor 
area. Each had to weigh more than the upper limi 
normal for a “medium” framed person!’ and ag 
diet for a 3-month study period. Excluded were 
who reported dieting in the 3 previous months and the 
who were breast feeding or within 6 months of chil 
birth. Subjects were randomly allocated to eith 
low carbohydrate diet or the low ae fil 








BLE! Correlations Between Coagulation | Factors Vil and X 
and Personal Characteristics 


Factor Vil Factor X 



























Age 0.33* 0.16T 
Quetelet's index 0.36* 0.34* 
Triglycerides 0.33* 0.34* 
Total cholesterol 0.42* 0.28* 
HCL-C 0.05 -0.11 
LDL-C 0.36" 0.27* 
Alcohol intake —0.10 0.02 
Total dietary fiber intake 0.13 0.04 


All factors measured at study entry. 

X * Correlation significantly different from 0, p <0.005; t correlation significantly 
different from 0, 0.05 < p < 0.1. 

HDL-C = high density lipoprotein cholesterol; LDL-C = low density lipoprotein 

<cholesterol. 



























` | TABLE II Weight and Lipid Changes During Diet Period 











Baseline 1 Month 3 Months 













Mean weight (kg) 











77.841.2 74.34+1.2 73.6 41.2 
“Mean total cholesterol 4.7640.08 4514007 482+40.07 
(mmol/liter) 
Mean LDL cholesterol 271+0.06 2754007 2.95 +0.07 







(mmol /liter) 







Mean HDL cholesterol 14640.03 1354002 1.5640.07 
(mmol/liter) 
‘| Mean triglycerides 1.71 +0.08 1464008 1.56 +0.07 












(mmol /liter) 













- All values are mean + standard error. 





































































TABLE Ill Correlations Between Reduction in Factor Levels 
|-and Weight Loss, Lipid Changes and Previous Factor Change 
Factor Vil 
Month 1 
Weight loss 0.34* 0.42* 
Change in total cholesterol 0.28" 0.42* 
Change in LDL-C 0.19 0.28* 
Change in HDL-C 0.03 0.10 
Change in triglycerides 0.31* 0.29* 
Months 2 and 3 
Weight loss 0.12 0.03 
Change in total cholesterol 0.14 0.21t 
Change in LDL-C 0.05 0.11 
Change in HDL-C 0.10 0.08 
Change in triglycerides 0.29* 0.27* 
Factor reduction in month 1 —0.42* —0.38* 
¿` Statistically different from 0, p <0.01: t statistically different from 0, p <0.05. 
‘so Abbreviations as in Table 1. 
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—20°C; plasma for factor measurements was stored ir 
liquid nitrogen. Cholesterol, lipoproteins and triglycer- 
ides were measured as previously described:!® Factor 
VII coagulant activity was measured by 1-stage auto- 
mated assay using factor VII-deficient plasma.!? Factor 
X was assayed as described by Denson.” The variabili- 
ty of these measurements has been previously de- 
scribed.?! All samples were measured consecutively i inl 
laboratory batch. 

Factor levels were expressed as percentages of con- 
trols. Because of their skewed distribution, geor 
means were used as summary statistics. Comparison f 
factor levels at different times was done using analysis 
of variance and Tukey’s “Studentized” range.?? In in- 
vestigating changes in factor levels, multiple regression 
with untransformed differences was used because these 
variables were more symmetric.?? In these analyses, 
changes in weight, cholesterol and triglycerides were 
used as independent variables, and the corresponding 
coefficients indicated the influence these variables had 
on changes in the factor levels. The intercept terms indi- 
cated a tendency for change in the factors independent 
of change in weight and lipids. 





















RESULTS 

After omitting 21 participants with missing labora- 
tory data, there were 114 subjects in the analysis (96 
women). They tended to be middle aged and moderate- 
ly obese, with a mean initial weight of 85.3 + 2.7 kg for 
men and 76.7 + 1.4 kg for women. Only 20% of the 
women and 6% of the men smoked cigarettes. 

The associations between the coagulation factors 
and baseline weight, lipids and other characteristics are 
listed in Table I. Both factors, but especially factor VII, 
were higher in heavier subjects and increased with age. 
Factor VII increased from 103% i in subjects with a Que- 
telet’s index under 27 kg/m? to 131% in those with an 
index of 235 kg/m?, and factor X increased from 102 
to 125%. Gender, current smoking habits, alcohol intake 
and total dietary fiber were not substantially related to 
either factor. There were significant positive correla- 
tions between triglycerides, total. cholesterol and low 
density lipoprotein cholesterol (LDL-C) and the factors 
under study, but no associations were found with high 
density lipoprotein cholesterol (HDL-C). 

On average, the subjects lost a moderate amount of 
weight during the study period, more during ‘the first 
month than during the next 2 (Table II). As previously 
reported, the differences in mean weight loss between 
diets were modest, and there were only minor changes 
in lipoproteins during this time.'® Total cholesterol de- 
clined at 1 month and then returned to baseline levels; 
HDL-C declined while LDL-C increased. : 

There were no substantial differences between the 
diet groups as to changes in the factors; consequently, 
only aggregated data are presented. Both factor VIL 
and factor X decreased significantly at L month, but, 

















irst month, but not during the next 2 months 

II). A similar pattern was seen for total choles- 

erol in relation to changes in the factors. The correla- 
tions between the first month’s factor change and that 
in the next 2 months were negative, indicating a tenden- 

y for a return toward initial values. Similar results 
were found with limitation of the analysis to the most 
obese subjects (Quetelet’s index >30 kg/m?) at entry 
-» (data not shown). 

Multiple regression was used to assess the indepen- 
dent contributions of change in weight, total cholesterol 
and triglycerides to changes in the factors. During the 

irst month, weight loss was independently associated 

th reduction in both factors, an association that was 
tenuated in months 2 and 3. Cholesterol was associ- 
ted with change in the factors throughout the study, 
the magnitude of the cholesterol changes was too 
small to explain much of the variation in the factor lev- 
els. Change in triglycerides was more strongly associ- 
ated with factor change in months 2 and 3 but, again, 
-the changes in triglycerides were not substantial enough 
to alter materially the factor levels. Most importantly, 
large and statistically significant intercept terms in the 
_ regression indicated a tendency for an increase in fac- 
tors VII and X during months 2 and 3 independent of 
-any change in weight or in lipids. The predicted change 
dn factor VII after removing the effects of these influ- 
ences (as reflected by the intercept) was 11 versus the 

13% actually observed. For factor X the predicted 
<= change was 6 versus the 8% observed. Thus, weight, to- 
tal cholesterol and triglycerides did not explain the in- 
rease in factors VII and X during the last 2 months of 


-in this study of middle-aged subjects attempting to 
lose weight, we found substantial reductions in factors 
“VII and X after the first month of weight reduction, 
with a return to or above baseline levels despite some 
continued weight loss in the next 2 months. Weight 
` change was independently associated with reductions in 
factors VIL and X only during the first month. There 
were significant associations between changes in choles- 
terol or triglycerides and the changes in the factors, but 
among these subjects with generally normal lipids, the 
changes were not large enough to result in substantial 


factor change. These data suggest that weight loss per 


se is unlikely to be effective in lowering the elevated 
factor VII and X levels seen in the obese. 
z It is tempting to ascribe the pattern of factor levels 
to the metabolic effects of caloric restriction, for exam- 
“ple, on hepatic protein synthesis. These were probably 
most intense during the first month of the study, when 
the factors decreased. However, the increased levels of 
factors: VII and X in obesity cannot in general be ex- 
plained by increased caloric intake because obese people 
not eat significantly more than the nonobese.*3*4 
‘The patterns we observed do not appear to have 
n spurious. Handling was the same for all samples, 
the clotting factor measurements were done in | 
bat h However, the weight op experienced by our 


THE AMERICAN JOURNAL OF CARDIOLOGY SEPTEMBER 1 1989 


subjects were modest in most cases, and the lipi 
changes actually were quite small. Larger changes mo 
weight or cholesterol might have resulted in greater 


changes in factor levels. Similarly, longer follow-up 
could conceivably result in different relations becoming - 


apparent. 
In an observational study, Meade et al*> reported an. 
association between changes in weight and factor VII 
coagulant activity. The contrast with our data could be. 
due to several influences. First, the changes observed by 
Meade et al could conceivably have been due to illnesses 
associated with changes in both weight and factor VII. 
Also, in an aging free-living population, weight gain is 
perhaps more likely than weight loss, and different ef- 
fects might be expected than for the weight losses ob- 
served here. : 
The associations we found between baseline charac: 
teristics and factors VII and X generally were as those. 
previously described,’ including associations with age _ 
and body weight, but none with alcohol intake, cigarette 
smoking or gender. Haines et al! noted lower factor _ 


VII levels in vegetarians compared with those on more 


traditional diets. Our baseline data suggest that this is 
unlikely to be due to increased dietary fiber intake. Of 
course, specific fiber fractions might have a more pro- 
nounced effect, as might larger amounts of fiber, as 
suggested by a recent intervention trial.'? 
In summary, these data suggest that weight loss per 


` se in obese subjects is unlikely to reduce factor VII and 


therefore the risk of coronary heart disease, although: 
weight loss may have a beneficial effect on hypertension — 


and hypercholesterolemia (and therefore progression of _ 


atherosclerosis). This illustrates the general point that 
specific trials are required to document the efficacy of — 
interventions to improve cardiac risk profiles. ; 
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anism of Altered Pattern of Left Ventricula 


Filling With Aging in Subjects Without Cardiac 
Disease 


Thomas R. Downes, MD, Abdel-Mohsen Nomeir, MD, Karen M. Smith, PA-C, 
Kathy P. Stewart, RT, RDMS, and William C. Little, MD 





The mechanism whereby aging, in the absence of 
cardiac disease, may alter the pattern of left ven- 
tricular (LV) diastolic filling is unknown. According- 
ly, this study was designed to examine the factors 
-that may be in part responsible for aging’s effect 
on the pattern of LV diastolic filling. The LV end- 
astolic pressure-volume relation was analyzed in 
11 elderly subjects (68 + 5 years, mean + stan- 
dard deviation) and 15 normal young adults (31 + 
years) without coronary artery disease, systemic 
hypertension, LV hypertrophy or abnormality of 
LV systolic function. After catheterization, the sub- 
-jects underwent pulsed Doppler analysis of mitral 
flow. All had normal 2-dimensional echocardio- 
grams without LV or valvular dysfunction. Peak 
early filling velocity in the elderly subjects was 
‘decreased in comparison with that in young adults 
(61 + 14 vs 83 + 8 cm/s, p <0.001) and the ratio 
of early and late diastolic filling velocity was re- 
duced (0.81 + 0.26 vs 1.88 + 0.40, p <0.001). 
_ The isovolumic relaxation time did not differ be- 
“tween the elderly and young subjects (158 + 20 vs 
146 + 22 ms, difference not significant). In the el- 
derly, LV end-diastolic pressure was increased (15 


$7 vs 11 + 4 mm Hg, p <0.05) despite a smaller 


end-diastolic volume index (60 + 16 vs 74 + 18 ml/ 


-< mê, p <0.05), indicating a shift of the passive dia- 


| _ stolic pressure-volume relation. It was concluded 
that early diastolic filling is reduced in normal aged 
- subjects, even in the absence of coronary artery 


o disease and systolic dysfunction. This altered pat- 


tern of diastolic filling may result from a shift of the 
` passive LV diastolic pressure-volume relation. 
: (Am J Cardiol 1989;64:523-527) 
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systolic function, has been increasingly recog- 
nized in elderly patients. It has been suggested 
that the normal aging process may depress left ventricu- 
lar (LV) diastolic performance.'~* Noninvasive studies. 
using radionuclide and Doppler echocardiographic tech- 
niques have demonstrated a reduction in early diastoli 
mitral flow with aging, even in the absence of symptoms 
of cardiac disease.5 8 The mechanism responsible fo 
this change is not known, but experimental studies sug 
gest that it may result from an age-related decrease i 
the rate of LV relaxation,2° changes in-the passive dia 
stolic properties of the left ventricle!!! or both. =- 
Coronary artery disease, LV hypertrophy and hyper- 
tension, all common in elderly subjects, may impair LV 
diastolic performance and alter the pattern of LV dia- 
stolic filling.!2-!7 No previous studies of the effect of 
aging on LV diastolic filling have excluded occult coro- 
nary artery disease by coronary angiography. Further- 
more, the effect of aging on LV relaxation and passive 
filling properties, in the absence of LV hypertrophy and 
systemic hypertension, is not known. Thus, the mecha- 
nism by which aging affects LV diastolic performance is : 
not known. Accordingly, this study was undertaken to 
examine the factors that may be responsible for aging’s — 
effect on the pattern of LV diastolic filling. 


[Dr dysfunction, in the presence of norma 


METHODS eh ES 
Of the more than 600 elderly subjects who under- 
went catheterization for evaluation of chest pain at our 
institution between July 1987 and July 1988, 11 sub- — 
jects 62 to 78 years of age (mean + standard deviation 
68 + 5) were found with no obstructive coronary dis- 
ease, normal LV systolic function and no history of sys- 
temic hypertension. All had undergone catheterization 
in the fasting state, after premedication with 2.5 mg of 
diazepam and 25 mg of Benadryl® (diphenhydramine). 
At catheterization, electrocardiographic examination 
was within normal limits in 8 subjects. Of the 3 remain- 


ing, 1 had sinus bradycardia, 1 had left bundle branch 2 
block and 1 had anterior ST changes suggestive of ante- 


rior ischemia. LV and aortic pressures were measured: 
using fluid-filled 8Fr catheters. All pressure measure- 
ments were taken before the injection of contrast mate- 
rial. LV end-diastolic pressure was measured at the 
peak of the R wave of the corresponding surface e 


trocardiogram. Biplane contrast ventriculography w 
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E IVRT LVEDP EDVI BP-LVEDP 
(cm/s) E/A (ms) (mm/Hg) (mi/m?) (mm/Hg) 
72 18 150 14 49 81 
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14 
15 
Mean + SD 8348 19404 146 + 22 1144 74418 103 +13 
Elderly subjects 
1 82 ll 150 14 61 136 
2 46 0.6 167 16 75 134 
3 65 0.6 150 12 53 128 
4 54 0.8 127 8 48 112 
5 72 LAL 153 30 75 130 
6 49 04 170 8 51 102 
7 78 Ll 160 20 65 110 
8 66 1.0 200 12 30 108 
9 49 0.7 147 14 61 107 
10 67 09 170 22 85 93 
ll 42 0.5 160 10 60 150 : : 
Mean + SD 61 + 14* 0.8 + 0.3* 158 + 201 i547? 60 + 16° 120 + 17t aa 
7 p <0.01 vs young subjects; t p <0.05 vs young subjects. i g 3 2 i ; : 
T B A et a blood pressure; EDVI = left ventricular end-diastolic volume index: IVRT = isovolumic relaxation time; LVEDP = left ventricular end-diastolic pressure; SD 

























performed in the 30° right anterior and 60° left anteri- 
or oblique projections. LV volumes and ejection fraction 
were calculated by the area-length method. The LV 
end-diastolic volume was measured from the cineangio- 
-graphic frame with the largest ventricular silhouette us- 
` ing a digitizing tablet with commercially available soft- 
ware (Trinity Systems). The LV end-diastolic volume 
index was calculated as end-diastolic volume/body sur- 
face area, with surface area calculated using a nomo- 
gram based on the Dubois and Dubois height-weight 
equation.'* Selective coronary angiography was per- 
formed in multiple projections and analyzed by consen- 
sus of 3 experienced angiographers. For comparison, 
similar catheterization data were evaluated in 15 young 
adult subjects 15 to 39 years of age (mean 31 + 7) who 
underwent catheterization during the same time inter- 
val. 
_ All subjects had normal LV systolic function (ejec- 
_ tion fraction >0.60) and no coronary artery disease (lu- 
minal narrowings >50%). All subjects were normoten- 
sive. Only 4 elderly subjects were receiving medications 
that may have altered LV relaxation (8 blockers or cal- 
cium antagonists or both). These drugs were being giv- 
en for chest pain, which presumably was angina pecto- 












After review of catheterization data and enrollment 
into the study, our elderly subjects underwent a routine 
2-dimensional and Doppler echocardiographic exam 
(Hewlett-Packard system) with a 3.5-mHz transducer 
to exclude the presence of LV hypertrophy, valvular 
dysfunction and pericardial abnormalities. No regurgi- 
tant mitral or aortic flow was present in any of the sub- 
jects, and the posterior LV wall thickness was <11 mm 
in all of them. The pattern of diastolic LV filling was 
assessed by pulsed Doppler analysis of transmitral flow. 
from the 4-chamber apical view. All subjects were ex- 
amined in the left lateral decubitus position during quiet 
respiration. The pulsed-wave sample volume was placed _ 
just inferior to the tip of the mitral leaflets, and then. 
gently repositioned with the aid of simultaneous 2-di- 
mensional imaging until maximal flow velocity patterns — 
with minimal spectral dispersion were obtained. Dopp- 
ler tracings were recorded at 50 mm/s with a simulta- _ 
neous l-lead electrocardiogram and recorded on video- 
tape. They were then digitized and stored on floppy 
discs for later analysis using a specialized software 
package (Microsonics), 




























ter catheterization, 5 of the 11 subjects were - 


have a gastrointestinal (esophageal) source for 





set. The data fro 
: aged. In all subje 





est values for peak early diastolic flow (providing 
il dispersion remained minimal) were chosen for 
is. Doppler parameters measured included early 
olic filling velocity (E), late diastolic filling velocity 
) and the E/A ratio. We measured diastolic filling 
time from the onset of early diastolic flow to termina- 
~ tion of late diastolic (atrial) flow, as well as the duration 
of early and late diastolic flow. Isovolumic relaxation 
time was measured as the time from aortic valve closure 
or the end of aortic outflow to the onset of mitral 
flow.!619 Flow velocity integrals of early (Ej), late (Ay) 
and total diastolic flow (T;) were measured as well. 
For comparison, Doppler data from 15 young nor- 
‘mal subjects (mean age 29 + 7 years) also were ana- 
lyzed. All underwent 2-dimensional echocardiographic 
exam and Doppler analysis of transmitral flow as de- 
scribed earlier. 
Data are summarized as mean + standard deviation. 
Comparison of groups was performed by analysis of 
variance. 


_ RESULTS 
-Doppler and catheterization data are listed in Table 
<I. Figures 1 and 2 show representative Doppler flow ve- 
_ locity patterns from both a young normal person and an 
_ elderly subject. The early diastolic flow velocity (E) was 


““gubject. Note that the E velocity is 
‘larger than the A velocity. E = early 


diastolic filling wave; A = late 
. diastolic filling wave. 


_ FIGURE 2. Pulsed Doppler pattern 


of diastolic filling in an elderly sub- 


ject. Note that the E velocity is 
-smaller than the A velocity. 
Abbreviations as in Figure 1. 





significantly lower in the elderly versus young normal 
subjects (p <0.001) (Table 1), whereas the late diastolic 
flow velocity (A) was significantly higher (p <0.001). 


The E/A ratio was thus significantly reduced in theel 


derly subjects (0.81 + 0.26 vs 1.88 + 0.40, p <0.001). 
The contribution of early and late diastolic flow to- 


total diastolic filling was reflected by measurement of. : 


flow velocity integrals. In the elderly subjects, E; was: 
less than that of the young subjects (7.3 + 1.8 vs 12.1 + 
7.5 cm, p <0.05). A; was larger (5.8 + 1.7 vs 3.6 # 1.2 
cm, p <0.05), whereas T; did not significantly differ 
between the 2 groups. 

Total diastolic filling time was significantly shorter 
in the elderly subjects versus young subjects (422 + 67 


vs 569 + 91 ms, p <0.001), as was the duration of the E oe 
wave (213 + 31 vs 238 + 27 ms, p <0.05). There was oe 


no significant difference in the duration of late diastolic. 
flow among the 2 groups. Although the isovolumic re- 


laxation time was slightly longer in the elderly subjects 


(158 + 20 vs 146 + 22 ms), this did not reach statistical 
significance. ni 
The LV end-diastolic pressure of the elderly subjects 
was significantly higher than that of the young ones (15 _ 
+ 7vs 11 + 4mm Hg, p <0.05) despite a smaller end- 


diastolic volume (110 + 33 vs 159 + 16 ml, p <0.01). 
End-diastolic volume index was likewise smaller in the = 
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(60 + 16 vs 74 + 18 ml/m?, p <0.05). foun 


_ Although all subjects were normotensive, the peak sys- 
_tolic arterial pressure was slightly but significantly high- 
er in the elderly patients. Similarly, the peak systolic 
arterial pressure-LV end-diastolic pressure was slightly 
higher in the elderly subjects. 

When data from the 4 elderly subjects receiving car- 
dioactive agents were compared with the 7 subjects not 
given such agents, no differences in any of the afore- 
mentioned parameters could be found. Furthermore, ex- 
clusion of the patients taking medication did not alter 
any of the conclusions. 


DISCUSSION 
Prior studies with M-mode and Doppler echocardi- 
ography and radionuclide ventriculography suggest that 
aging alters the characteristics of LV diastolic filling. 2>- 
8 Elderly subjects have a reduction in early LV diastolic 
filling, reflected by a decrease in early diastolic flow ve- 
locity, flow velocity integral and early diastolic filling 
< tate.>* Similar changes in the pattern of LV filling oc- 
cur in patients with diastolic dysfunction due to coro- 
nary artery disease, systemic hypertension and LV hy- 
pertrophy.'?-!7202! None of the previous studies of the 
effect of aging on LV filling has conclusively excluded 
the presence of coronary artery disease and its effect on 
diastolic function. Although all our elderly subjects had 
presented with complaints of chest pain, none had coro- 
nary artery disease as assessed by coronary angiogra- 
phy, whereas all displayed the similar altered pattern of 
diastolic mitral valve flow. Hypertension and LV hyper- 
trophy also were excluded and, furthermore, normal 
systolic function was present in all. Only 5 of the 11 
subjects underwent gastrointestinal evaluation and were 
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FIGURE 3. Left ventricular end-diastolic pressure-volume re- 
lation in elderly and young normal subjects. Data are plotted 
mean + standard error of the mean. The interrupted lines 
Mustrate a shift of the pressure-volume relation upward and 
to the left in elderly subjects, indicating a reduction in passive 
eft: "diastolic compliance. LV. EDP = left ventricular 
end-diastolic pressure; LV EDV! = left ventricular end-diastol- © 
ic volume | Hee ee 








filling observed in our subjects shou 
-the slight increase in heart rat 





e a noncardiac source for their chest pain. 
Of the remaining 6, the Characteristics of their chest 
discomfort made an ischemic origin seem most unlikely. 
Thus, our study demonstrates that the pattern of LV 
diastolic filling is altered in elderly patients even in the 
absence of occult cardiac disease. ing 

Why do elderly subjects without cardiac disease ex- 
hibit a Doppler pattern of mitral flow that is similar to. 
that of patients with LV diastolic dysfunction due to 
ischemia, hypertrophy or hypertension? The pattern of 
LV filling is primarily determined by the combined in- 
fluence of 3 major factors: (1) the rate of myocardial 
relaxation; (2) the passive filling properties of the left 
ventricle; and (3) the left atrial pressure and the 
strength of atrial contraction.!?!922-24 We quantitated 
LV relaxation by measuring the isovolumic relaxation 
time, whereas the end-diastolic pressure-volume relation 
was used to characterize the passive filling properties of 
the left ventricle. 

Previous studies have suggested that aging slows LV 
relaxation.*> This effect would tend to decrease the rate 
of early diastolic filling, possibly explaining the altered 
pattern of LV diastolic filling. We assessed the effect of 
aging on relaxation by measuring the isovolumic relaxa- 
tion time, that is, the time from aortic valve closure to 
mitral valve opening.'??? This interval is influenced by 
both the rate of relaxation and the difference between 
LV pressure at aortic valve closure and mitral valve 
opening.'? We used the peak systolic aortic pressure and 
LV end-diastolic pressure to approximate the LV pres- 
sure at end-systole and LV pressure at the time of mi- 
tral valve opening.” Despite an increase in this pressure 
difference, we found that the isovolumic relaxation time 
was not significantly prolonged in the elderly subjects. 
Thus, in the absence of coronary artery disease, hyper- 
tension, LV hypertrophy or systolic dysfunction, it ap- 
pears that slowed relaxation may not be the sole cause 
of the altered pattern of LV diastolic filling. 

The pattern of LV diastolic filling also may be influ- 
enced by the passive filling characteristics of the left 
ventricle. We assessed these characteristics by evaluat- 
ing the LV end-diastolic pressure-volume relation (Fig- 
ure 3). We observed that elderly subjects have a higher 
LV end-diastolic pressure in comparison with young 
normal subjects, despite a smaller end-diastolic volume. 
This change persisted after we corrected volume for 
body size (that is, end-diastolic volume index). This sug- 
gests that aging brings about a shift of the LV end- 
diastolic pressure-volume relation upward and to the. 
left. Such a shift indicates that an increase in pressure is 
required to distend the left ventricle during diastole. 

The heart rate at rest was slightly faster in our elder- 
ly subjects. Could this help explain the altered pattern 
of LV diastolic filling? The small difference in ‘heart 
rate (8 beats/min) probably had little influence on the 
pattern of LV filling. Tachycardia has been shown to. 
accentuate early filling velocities in subjects without 
coronary artery disease.”°”’ Thus, the decrease in early 
‘not result from 





















atrial contraction normally provides only a 
tribution to total LV diastolic filling. However, 
en early diastolic filling is reduced, as may occur 
th a shift of the pressure-volume curve, the atrium 
serve as a booster pump.!228.29 In this situation the 
atrium functions to maintain LV filling. Because atrial 
“pressure is only transiently increased during atrial con- 
traction, the mean left atrial and pulmonary venous 
"pressures are not elevated. This appears to be the situa- 
tion in our elderly subjects. The contribution of atrial 
systole to LV diastolic filling was enhanced (that is, a 
„decreased E/A ratio). This augmented atrial contribu- 
tion appears to have been adequate compensation for 
the altered passive filling properties, because the elderly 
‘subjects did not have symptoms of pulmonary conges- 
ion. Should this atrial “booster-pump” mechanism be 
urther stressed by the development of ischemia, hyper- 
tension or LV hypertrophy and fail, pulmonary venous 
“pressure would increase. Clinical signs of congestive 
heart failure, in the absence of altered systolic function, 
would develop as a result. 
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In an effort to better understand the cardiac 

contribution to exercise limitation in chronic lung 

disease, 21 patients with advanced chronic pulmo- 

nary parenchymal disease and 10 normal control 
-subjects were evaluated for changes in right ven- 
tricular (RV) pressure, volume and function during 
incremental, symptom-limited supine bicycle exer- 
cise. Patients underwent sequential exercise tests 
with Doppler echocardiography and ultrafast cine 
computed tomography (CT). RV systolic pressure 
during exercise was determined by saline-enhanced 
Doppler of tricuspid regurgitation. RV ejection 
fraction, end-diastolic volume, stroke volume and 
cardiac index were obtained by CT at rest and peak 
exercise. Sixteen of the 21 study patients also ex- 
ercised on high-flow oxygen. 

in the control subjects RV systolic pressure in- 

creased from 21 + 6 mm Hg (mean + standard de- 
viation) at rest to 32 + 8 mm Hg at peak exercise, 
whereas in patients with lung disease, RV systolic 
pressure increased from 42 + 17 to 81 + 26 mm 
Hg (both p <0.01). Compared with the control sub- 
jects, the patients with lung disease had signifi- 
cantly lower mean values for RV ejection fraction 
at rest (47 + 7 vs 55 + 7%) and at peak exercise 
(47 + 9 vs 57 + 3%, respectively, both p <0.05). 
The patients who demonstrated oxyhemoglobin de- 
saturation during exercise showed the most abnor- 
mal cardiac responses, with marked increases in 
mean RV systolic pressure, decreases in mean RV 
ejection fraction and blunted increases in cardiac 
index and RV stroke volume. Although acute oxy- 
gen supplementation was associated with a slight 
decrease in RV systolic pressure at peak exercise 
and a longer duration of exercise, there was no sig- 
nificant improvement in RV function. Doppler echo- 
cardiography and CT provide complementary and 
potentially useful information about right-sided 
_ heart pressures and RV ejection fraction during ex- 
<- ercise in patients with advanced chronic lung dis- 

-> ease. Oxyhemoglobin desaturation during exercise 
_, is a marker for the most abnormal pulmonary vas- 
__ cular reserve, as indicated by RV contractile dys- 
function and limited ability to increase cardiac 
index. aed 
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in Chronic Parenchymal Pulmonary Disease 
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pulmonary disease that is associated with sub- 
stantial morbidity and mortality.'“} Autopsy and 
hemodynamic studies in such patients have revealed a 
high incidence of cardiac abnormalities.4-© We have 
found that noninvasive evaluations at rest using ultra- 
fast cine computed tomography (CT) and echocardiog- 
raphy with Doppler commonly demonstrate right ven- 
tricular (RV) enlargement, RV hypertrophy and pul- 
monary hypertension.’® Due to hyperinflation of the 
lungs, CT images obtained in these patients are techni- 
cally superior to those obtained by 2-dimensional echo- 
cardiography and permit the calculation of RV volumes 
and ejection fraction.® 
In an effort to better understand the cardiac contri- 
bution to exercise limitation in patients with advanced 
chronic pulmonary parenchymal disease, we developed 
a noninvasive exercise protocol to determine RV systolic 
pressure during incremental supine bicycle exercise us- 
ing saline-enhanced Doppler of tricuspid regurgitation.? 
The goal of the present study was to correlate the dy- 
namic exercise response of RV systolic pressure by this: 
technique with changes in RV volume, contractile func- 
tion and cardiac index by CT. We performed sequential 
exercise studies using Doppler echocardiography and 
CT on and off supplemental oxygen. The study was per- 
formed to determine (1) the feasibility and safety of 
these noninvasive techniques during exercise in patients 
with chronic pulmonary parenchymal disease; (2) 
changes in RV systolic pressure, volume and function 
during exercise in patients with and without oxyhemo-. 
globin desaturation; and (3) the effect of short-term 
oxygen supplementation on these parameters. 


C: pulmonale is a sequela of hypoxemic chronic 


METHODS 
Patient population: After informed consent was ob- 

tained, 21 patients with moderate to severe chronic pa- 

renchymal pulmonary disease (ages 45 to 80 years, 15 
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monary and Cardiac Parameters at Rest and Peak Exercise 


Obstructive 
(n= 14) 








Nondesat 
(n= 11). 


interstitial 
(n=7) 








ge (yrs) 6445 
“Pulmonary function 
FEV; diters) (%) 
FVC (liters) (%) 
TLC (liters) (%) 
DECO (ml/min /mm Hg) (%) 
“PaO (mm Hg) 
PaCo; (mm Hg) 
| Hematocrit (%) 
“Cardiac parameters at rest 
“RV systolic pressure (mm Hg) 
<O RV ejection fraction (%) 
= RV-end-diastolic volume (mi) 
| RV end-systolic volume (mi) 
“RV stroke volume (ml) 
‘Cardiac index (liters /min /m?) 
eak exercise cardiac parameters 
> RV-systolic pressure (mm Hg) 
Increase RV systolic pressure (mm Hg) 
: RV ejection fraction (%) 
“RV end-diastolic volume (mi) 
RV end-systolic volume (m) 
_RV stroke volume (mi) 
Cardiac index (liters /min/m?) 
< Workload (watts) 
- Exercise duration (min) 
Increase heart rate (beats/min) 
Increase SBP (mm Hg) 


1.0 + 0.4 (35) 
2.7 + 0.8 (72) 
6.4 + 0.9 (101) 
13.9 + 6.8 (61) 
71 +10 
4045 
4149 


41412 
4827 

140+ 31 
71+19 
69+ 11 
3.34 1.0 


79 + 33+ 
38 +16 
44+8 

158 + 38 
88 + 28 
70418 
3.4409 
43418 
85449 
30+ 13 
47 + 28 





* p <0.05 vs Patients with obstructive lung disease; numbers in parentheses indicate the percentage of predicted values; ? p <0.05 vs patients with oxyhemoglobin desaturation 


during exercise; t p <0.05 vs rest cardiac parameter. 


Ch = cardiac index: COPD = chronic obstructive pulmonary disease; Desat = patients with oxyhemogiobin desaturation during exercise; DLCO = diffusing capacity for carbon 
monoxide: EDV = end-diastolic volume; EF = ejection fraction; ESV =end-systolic volume, FEV; = 
tents without oxyhemoglobin desaturation during exercise; PaO; = arterial oxygen tension on room air, PaCQz = arterial carbon dioxide tension on room air; RV = right ventricul 


SBP = systolic blood pressure: SV = stroke volume; TLC = total lung capacity. 





en) were entered into the study. Of 36 patients from a 
previously reported Doppler study,” 21 who underwent 
both CT and Doppler exercise studies are reported here. 

Iso, 10 control subjects with no history of cardiopul- 
monary disease were studied. 

‘Etiologies of pulmonary disease included chronic ob- 
structive pulmonary disease in 14 patients and intersti- 
ial lung disease in 7. All patients had pulmonary func- 

tests, arterial blood gases at rest and hematocrit 

measured within 1 week of the study. The results of 
these tests in patients with obstructive and interstitial 
disease are listed in Table I. We excluded patients with 
wn coronary artery disease, left ventricular failure 

nd inability to perform supine bicycle exercise. Evalua- 
ons were scheduled when patients were clinically sta- 


ercise protocol: Patients underwent incremental 

e bicycle exercise beginning at a workload of 10 
watts and increasing by 10 watts every 2 minutes until 
reaching a symptom-limited maximum.’ Heart rate, 
cuff blood pressure, minimal oxyhemoglobin saturation 
nd maximal Doppler tricuspid regurgitation velocity 
vere ecorded at rest, at each stage of exercise and after 
nutes of recovery. Continuous electrocardiographic 

itori 1g of lead II was performed throughout the ex- 

ise. The duration of exerci eon and off orygën and 
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564 11 57 £13 
1.7 + 0.8 (63)* 
2.0 + 0.8 (56) 
3.5 + 1.0(61)* 

19.3 + 9.3 (65)* 
6144* 

46414 
45+8 





72AIN 
4047 5 
40498.” 


6349 
4449 
47 +6 


36 + 15 
4948 
139 + 43° 
71425 
68157 
35413. 


49418 
4544 
141411 
77 +13 
6446 
31411 


45 + 20 
43414 
135 + 23 
76+ 21 
59 + 23 
3.2408 


Atp 
294120 
SLG 
153444. 5 
75429). 
78419 
4241.01 
53435: 
119479 
364 22 
47 4.20 


100 +: 36* 
43419 
39 + 8* 
164 + 48 
95 + 39 
69 + 33 
3.64 1.0 
43418 
7843.5 
34412 
40 + 30 


85 + 29% 
40419 
4849 
188 + 60t 
98 + 35 
90 + 30* 
5.0 2.1? 
59 +4 
12.9 +85 
43420 
37 +18 





= forced expiratory volume in 1 second; FVC = forced vital capacity. Nondesat = pa. 








after the Doppler studies, usually during the same day 
CT imaging at peak exercise was performed at the same 
level of workload achieved in the prior Doppler exerci: 
study. Control subjects exercised in room air only, b 
ginning at 25 watts and increasing by 25 watts ever 2 
minutes until limited by symptoms or reaching a ma 

m 

noted before were recorded at rest and at each stag f 
exercise. 

Oximetry: A N-10 or N-200 (R-wave gated) m 
oximeter (Nellcor) with continuous readout was ; 
on the index finger of the right hand. The lowes 
for arterial saturation during each stage of exercise wa 
recorded. Arterial desaturation during exercise was d 
fined as a 24% decrease from baseline levels of xyh 
moglobin saturation to <90% saturation.!° 

Echocardiography at rest: Standard echocardi 
phy was performed with a 3.5-MHz transducer for i 
aging and a 2.5-MHz transducer for Doppler (Irex Me- 
ridian). Contrast studies were performed by injectin, 
ml of agitated saline into an antecubital vein, and: wer 
used to enhance the tricuspid regurgitation jet by Dor 
ler.? Right atrial pressure was estimated by. the resp 
tory behavior of the inferior vena cava in the s ibeoste 
view,?:11.12 When. the diameter of the proxima inferio 








r the purpose of this 
that right atrial pres- 






remained constant throughout exercise. 

-io > Doppler evaluation of the tricuspid valve was per- 
_ formed. in all standard views. In the view yielding the 
best envelope, the tricuspid regurgitant jet was recorded 
in the continuous-wave mode at a scroll speed of 75 
mm/s before and after an injection of agitated saline. 
<. After tape review, the maximal tricuspid regurgitation 
velocity was assigned to the highest coherent boundary 
on the spectral waveform. The modified Bernoulli for- 
mulat? was used to estimate the peak transtricuspid gra- 
dient; RV systolic pressure was computed as the sum of 
the transtricuspid gradient and right atrial pressure. !4 
The upper limit of normal for RV systolic pressure at 
‘rest is 30 mm Hg.’ 

_ Echocardiography during exercise: Throughout ex- 
ercise, continuous full-screen monitoring of Doppler tri- 
cuspid regurgitation was performed. During each 2- 
minute stage of exercise, agitated saline was injected 
intravenously to enhance the Doppler signal. The upper 
limit of normal for RV systolic pressure at peak exercise 
_ in this laboratory is 45 mm Hg.’ In addition, 16 pa- 
tients performed a second exercise study on 40% oxy- 
gen. For these patients, the order of the 2 exercise stud- 
ies was randomized, the technicians and physician were 
blinded to the gas breathed and at least 20 minutes was 
allowed for equilibration to a new gas. Oxygen was de- 
livered by a gas mixing blender through a closed system 
to a mouthpiece. 

Computed tomography: CT acquisitions were per- 
formed on an Imatron C-100 in a supine position 
(transverse with the body elevated at 20°). The patients 
were placed on a movable CT table that was adapted to 
hold a supine bicycle apparatus (Engineering Dynamics 
Corp., model 8450/P). After an 8-level localization 
scan, a Cardio green dye technique was used to deter- 
mine circulation time.'> For each acquisition, 50 to 60 
ml of nonionic contrast medium was injected into an 
antecubital vein at 2 ml/s to enhance the CT image. 
Cine mode acquisitions were obtained when the con- 
stant media maximally opacified both ventricles. All ac- 
` quisitions were triggered from the R wave of the elec- 
» -trocardiogram. 

_ Because the memory of the CT scanner accomo- 
dates a maximum of 80 images, the number of images 
-allocated at each level was determined by the heart rate 
and the number of tomographic levels obtained. For 
< studies at rest (relatively slow heart rates), to obtain 
- -both end-diastolic and end-systolic images during a sin- 
<- gle acquisition, 8 CT images were allocated to each of 
_ 10 tomographic levels and were acquired at 17 images/s 
_ Starting at end-diastole. After the 6 most apically situat- 
ed CT ievels were obtained, the final 4 CT levels at the 
base of the heart were filmed by moving the CT table 
out from the scanning rings. This technique permitted 
maximal definition of the ventricular apex, separated 
_ right and left ventricular images, and minimized over- 
lap with other cardiac structures. The total time for 
ge acquisition, including filming and 













as about 10 seconds. The faster heart- 
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rates achieved at peak exercise allowed 6 CT images tc 
be obtained at each of 12 tomographic levels for a tota. 
of 72 CT images. Patients were instructed to try tc 
avoid deep respiratory movements during CT filming 
and exercised to the same peak level as for the earlier 
exercise Doppler study. All the patients performed exer- 
cise studies on room air; 16 performed a second stud 
on 40% oxygen. ue 

Cardiac measurements: The Imatron wall study 
software program, version 8.3, was used to measure car- 
diac morphology.*:!6-!8 Systolic and diastolic endocardi- 
al and epicardial chamber boundaries were manually 
traced using a track ball-guided cursor at each selected 
tomographic level. End-diastole was defined as the peak 
of the R wave of the electrocardiogram and end-systole 
was defined as the image with the smallest ventricular 
volume. Simpson’s rule was used to obtain RV end-dia- 
stolic volume, end-systolic volume, stroke volume and 
ejection fraction. Cardiac index was determined as the 
product of stroke volume and heart rate divided by body 
surface area.!* CT images were measured by 2 indepen- 
dent observers and results were then averaged. 

Statistics: Data were evaluated by chi-square analy- 
sis, analysis of variance and the 2-tailed Student £ test. 
Data are reported as mean + standard deviation. Statis- 
tical significance was defined at the 5% level. 














































RESULTS 

For the 21 patients in the study, pulmonary function 
data are listed in Table I. During exercise on room air, 
the heart rate increased from 90 to 125 beats/min and 
systolic blood pressure increased from 131 to 175 mm 
Hg. The average duration of exercise was 9.9 minutes 
to a peak workload of 49 watts. Major limiting symp- 
toms were dyspnea in 15 patients and leg fatigue in 6. 
Ten patients desaturated to a mean nadir of 77%. 

In control subjects, the mean heart rate during exer- 
cise increased from 75 to 168 beats/min and systolic. 
blood pressure increased from 123 to 186 mm Hg. Peak 
workload averaged 153 watts; no control subject had 
oxyhemoglobin desaturation during exercise. 

Echocardiography with Doppler: Before enhance 
ment of the Doppler signal with agitated saline, techni- 
cally satisfactory tricuspid regurgitation envelopes were 
obtained in 11 of 21 patients (52%) at rest and in 10 of 
21 patients (48%) at peak exercise. After saline en- 
hancement, 19 of 21 patients (90%) had technically ad- 
equate tricuspid regurgitation envelopes both at rest and 
at peak exercise (p <0.05). In the control subjects RV 
systolic pressure increased from 21 to 32 mm Hg from 
rest to peak exercise. In patients with lung disease, RV 
systolic pressure increased from 42 to 81 mm Hg (p: 
<0.01 vs controls). At rest, 11 of 19 patients with: 
Doppler-detectable tricuspid regurgitation had abnor- 
mal values for RV systolic pressure (>30 mm Hg); at 
peak exercise, 18 of 19 patients had abnormal values: 
(>45 mm Hg, p <0.05). Riis eae a. 
Computed tomography: Technically satisfactory 
studies were obtained in 20 of 21 patients (95%). One 
patient was not imaged because of a malfunction in the 
CT “electron gun.” RV end-diasto 28 vs 128 







































end-systolic volumes at rest (71 + 20 vs 

were greater in patients with chronic lung 

ian in the control subjects, but only the latter 

| statistical significance. The mean values at rest 

diac index and stroke volume were similar be- 

en the 2 groups. RV ejection fraction in control sub- 

ts increased slightly (55 to 57%) from rest to peak 

exercise, whereas in patients with lung disease the RV 

ejection fraction remained constant at 47% (p <0.05 at 

peak exercise). The cardiac index increased significantly 

more in control subjects (3.4 to 7.8 liters/ min/m?) than 

n patients with lung disease (3.3 to 4.4 liters/ min/m?, 

p <0.05). Increases in RV end-diastolic volume (136 + 

28 to 159 + 43 vs 128 + 27 to 178 + 95 ml), end- 

. systolic volume (71 + 20 to 83 + 26 vs 62 + 18 to 77 + 

3 ml) and stroke volume (65 + 15 to 76 + 24 vs 66 + 

13 to 101 + 63 ml, respectively) were not significantly 

ifferent between patients with chronic lung disease and 
control subjects, respectively. 

Relation to oxyhemoglobin desaturation: Data were 

analyzed based on the presence or absence of oxyhemo- 

globin desaturation during exercise. Patients who de- 
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though at rest there were no significant group d 
ences for cardiac parameters, at peak exercise th 
were significant differences in RV systolic pressure, 
ejection fraction and cardiac index (Table I), RV ejec 
tion fraction decreased from 45 + 4% at rest to 39 + 
8% at peak exercise in the desaturation group; it in- 
creased from 49 + 8% to 51 + 6% in the nondesatura 
tion group (p <0.05, Table I, Figure 1). During exer 
cise, RV end-systolic volume increased to a greate 
extent in the desaturation group than in the nondes u 
ation group (p <0.05). Although cardiac index ani R! 
stroke volume both increased to a greater degree in the 
nondesaturation than the desaturation group; only 
changes in cardiac index were significant (p <0:05; Ta 
ble I). RV systolic pressure increased significantly 
rest to peak exercise in both groups; however, the me 
value for RV systolic pressure at peak exercise and t 
degree of change in RV systolic pressure were signi 
cantly higher in the desaturation group (Table I, Figure 
2). 

Chronic obstructive versus interstitial lung disease: 
Despite significant differences in various parameters of 
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‘FIGURE 1. Right ventricular ejection fraction at rest and at 
a xercise in the patients who did demonstrate oxy- 
obin desaturation during exercise (bottom) and 
not (top). The mean and standard deviation val- 
the sides of the figure. Right ventricular 

reased from 45 + 4 at rest to 39 + 8% at 
desaturation group, whereas it increased 

3% in the nondesaturation group. *p. 


s who demonstrated oxyhemoglobin de- 


FIGURE 2. Right ventricular systolic pressure at rest andat 
peak exercise in the patients who did demonstrate oxyhemo 
globin desaturation during exercise (bottom) and those who 
did not (top). The mean and standard deviation values are 
shown at the sides of the figure. Right ventricular systolic | 

























































pulmonary function, there were no significant differ- 

ences between patients with obstructive and interstitial 
lung disease in measured cardiac parameters at rest or 
peak exercise, including RV systolic pressure, ejection 
fraction, volumes and cardiac index (Table I). However, 
unlike patients with obstructive lung disease, those with 
interstitial disease showed significant increases in RV 
end-diastolic volume, RV stroke volume and cardiac in- 
dex (Table I). 

Effect of supplemental oxygen: The administration 
of 40% oxygen eliminated oxyhemoglobin desaturation 
during exercise in all but 1 patient. Oxygen administra- 
tion was associated with small but not significant in- 
creases in exercise duration (8.4 + 4.1 minutes on room 
air vs 9.6 + 3.8 minutes on oxygen), peak workload (43 
+ 16 vs 52 + 18 watts) and cardiac index at peak exer- 
cise (3.8 + 0.9 vs 4.4 + 1.1 liters/min/m?), and small 
decreases in RV systolic pressure at peak exercise (77 + 
31 vs 73 + 34 mm Hg). However, there were no salu- 
tory effects on RV ejection fraction (45 + 9 vs 45 + 
8%), stroke volume (74 + 25 vs 73 + 21 ml), end-dia- 
stolic volume (161 + 43 vs 160 + 44 ml) or end-systolic 
` volume (87 + 21 vs 87 + 26 ml). Even in patients who 

demonstrated oxyhemoglobin desaturation during exer- 
cise in room air, repeat exercise testing on oxygen was 
not associated with significant changes in measured car- 
diac parameters. 


DISCUSSION 
We applied 2 noninvasive modalities to the study of 
supine bicycle exercise in patients with advanced chron- 
ic lung disease. We had patients perform sequential ex- 
ercise studies using Doppler echocardiography and CT, 
and correlated the exercise response of RV systolic pres- 
sure to changes in RV contractile function and cardiac 
index in patients with and without oxyhemoglobin de- 
Saturation. The administration of agitated saline for 
Doppler studies or contrast media for CT scans during 
exercise was not associated with adverse side effects. 
Using Doppler evaluation of tricuspid regurgitation 
enhanced with intravenous agitated saline, we have re- 
cently found that RV systolic pressure (as a close ap- 
proximation of pulmonary artery systolic pressure) can 
be measured during exercise in a high percentage of pa- 
-tients with chronic pulmonary disease.’ In addition, we 
have previously performed cardiac CT scans at rest in 
: patients with severe chronic obstructive pulmonary dis- 
cease. Due to hyperinflation of the lungs, CT images 
obtained in these patients were technically superior to 
_ those obtained by echocardiography and allowed the 
calculation of RV volumes and ejection fraction. 
Doppler evaluation of right ventricular systolic 
pressure: In the present study, the values at rest for RV 
stolic pressure in patients with chronic lung disease 
abnormally elevated compared with the values of 
ntrol subjects, and became even more abnormal at 


pressure during exercise are consistent with a limited 
pulmonary vascular reserve (i.e, failure of RV afterload 
to decrease during exercise). ae 

Computed tomography: At rest, the mean RV ejec- 
tion fraction was lower in patients with chronic lung 
disease than in the control subjects and did not increase 
with exercise, suggesting RV systolic dysfunction. The 
RV end-systolic volume at rest was significantly greater 
in the patients than in the control subjects, whereas RV 
end-diastolic volume, stroke volume and cardiac index 
were similar to those of the controls. At peak exercise, 
the cardiac index increased significantly more in control 
subjects than in the patients. One of the reasons for the 
higher cardiac index at peak exercise in the control 
group was the higher average workload and heart rate 
achieved. Although RV stroke volume, end-diastolic 
volume and end-systolic volume also increased to a 
greater degree in the control group than in the patient 
group, these changes did not reach statistical signifi- 
cance. 

Presence or absence of oxyhemoglobin desatura- 
tion: Patients who developed oxyhemoglobin desatura- 
tion during exercise had the most abnormal cardiovas- 
cular responses to exercise, Whereas the patients who 
did not desaturate showed mean increases in RV ejec- 
tion fraction, those who desaturated showed mean de- 
creases. The decreases in RV ejection fraction in pa- 
tients with oxyhemoglobin desaturation reflect abnor- 
mal increases in end-systolic volume. In addition, the 
patients who desaturated had higher peak exercise levels 
for RV systolic pressure, greater increases in RV systol- 
ic pressure during exercise and blunted increases in càr- 
diac index and RV stroke volume compared with those 
who did not desaturate (Figures 1 and 2, Table 1). 

In the patients who desaturated during exercise, we 
speculate that oxyhemoglobin desaturation was secon- 
dary to elevated pulmonary vascular resistance associ- 
ated with inadequate RV reserve (and limited ability to 
increase cardiac output), greater central venous desatu- - 
ration and accentuation of low pulmonary ventilation- 
perfusion regions and shunt.!9° Decreases in RV ejec- 
tion fraction are likely related to marked increases in. 
RV afterload; although RV filling pressure (that is, 
right atrial pressure) was not measured during exercise, 
this parameter probably increases significantly in these. 
patients. Because these patients will experience multiple ` 
daily transient episodes of activity-related hypoxemia 
and worsened pulmonary hypertension, this group of pa- 
tients may be at greater risk for the development of se- 
vere pulmonary hypertension and RV failure at rest. Al- 
though short-term oxygen administration was not effec- — 
tive, long-term oxygen administration or aggressive 
therapy of the underlying pulmonary disease might be | 
beneficial in these patients. es 













V end-diastolic volume, RV stroke volume and cardi- 
c index (Table I). 
ffect of short-term oxygen administration: In this 
dy, the short-term administration of oxygen permit- 
ed small increases in exercise duration, workload and 
cardiac index, and small decreases in RV systolic pres- 
sure at peak exercise (all differences not significant). 
~The minimal decrease in RV systolic pressure at peak 
exercise on oxygen suggests that abnormal elevation in 
- pulmonary artery pressure during exercise in these pa- 
tients is due to relatively fixed pulmonary vascular resis- 
tance and extensive alveolar-capillary destruction, rath- 
er than to transient exercise-induced hypoxic vasocon- 
striction. Short-term supplemental oxygen therapy had 
10 beneficial effects on RV contractile function or vol- 
“umes at peak exercise. 
_ Comparison with previous studies: The pulmonary 
artery pressures estimated by Doppler in this study at 
‘rest and exercise are similar to hemodynamic data in 
- patients with chronic lung disease.*?!.? Hemodynamic 

and radionuclide studies in chronic obstructive lung dis- 
‘ease have suggested that RV ejection fraction at rest 
-correlates inversely with peak pulmonary artery pres- 
sure,” that decreases in RV ejection fraction during ex- 


-_ercise occur in patients with the greatest degree of rest- 


jing airway obstruction and arterial hypoxemia? and 
- that RV function during exercise is the limiting factor 
= to forward cardiac output.2>6 Our finding that oxyhe- 
moglobin desaturation during exercise is associated with 
limited increases in cardiac index, marked increases in 
V systolic pressure and decreases in RV ejection frac- 
tion has not been described using noninvasive methodol- 
ogies. Although ultrafast cine CT has been applied to 
tudy the right ventricle at rest® and the left ventricle 
during exercise,?’ this is the first application of this 
technique to the study of RV function during exercise. 
Advantages and limitations: Advantages of CT over 
radionuclide techniques include improved spatial and 
anatomic resolution, with the ability to evaluate RV 
-. wall motion and thickness, interventricular septal mo- 
-tion and curvature, and pulmonary artery size.® Unlike 
the radionuclide measurement of RV volume, CT is not 
` limited by overlap of right atrial and RV activity.?8-30 
Limitations of CT include the requirements for intrave- 
nous contrast and manual edge detection of RV vol- 
umes. The advantage of Doppler over right-sided heart 
catheterization is the ability to estimate RV systolic 
pressure noninvasively. However, this method cannot 
measure pulmonary capillary wedge pressure or pulmo- 
¿nary vascular resistance and requires assumptions about 
right atrial pressure during exercise. 
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arrhythmias was in its early phase.'? At that time, 

however, it had already become clear that controlled 
damage to the heart could cure cardiac arrhythmias. 
Surgery, whatever the technique used, could remove an 
arrhythmia substrate (i.e., an accessory pathway or a 
“ventricular area crucial for the perpetuation of a ven- 
‘tricular tachycardia).34 This controlled damage had an 
advantage: when successful, it cured the arrhythmia, as 
opposed to palliative forms of treatment such as antiar- 
rhythmic drugs or antitachycardia pacing. Percutaneous 
electrical ablation was a logical development in the at- 
tempt to destroy the arrhythmia substrate with percuta- 
neous techniques that could avoid some of the risks of 
surgical treatment. 

In 1983 I approached United States catheter manu- 
facturers to develop a catheter that would allow selec- 
tive catheterization of very small (+1 mm diameter) 
coronary arteries. The purpose of this catheter was to 
catheterize coronary arteries providing blood supply to 
an area necessary for the initiation or perpetuation of a 
cardiac arrhythmia. The atrioventricular nodal artery 
was at that time the objective. The purpose was to 
embolize or destroy the atrioventricular node as an al- 
ternative to percutaneous electrical ablation in patients 
with uncontrollable high ventricular rates during atrial 
fibrillation. The idea was based on 2 simple concepts: 
there must be a coronary artery supplying blood to an 
arrhythmogenic area or pathway, and selective cathe- 
terization of that artery should allow controlled damage 
to that arrhythmogenic area or pathway. The idea was 
rejected. The reasons have never been made clear. 

Meanwhile, techniques for selective catheterization 
of coronary arteries have become very refined. Small 
guidewires and catheters allow catheterization of arter- 
ies of a very small diameter to selectively infuse throm- 
bolytic agents or to perform angioplasty. Combining the 
techniques of angioplasty and programmed electrical 
stimulation of the heart we have shown that the “tachy- 
cardia-related coronary artery” can be identified in 
¿= patients- with ventricular tachycardia.> Using these 
<- principles we have also shown that it is possible to trans- 
coronarily ablate an area necessary for the perpetuation 
of ventricular tachycardia® or to ablate the atrioventric- 
ular node. Thus, the tachycardia-related coronary ar- 


I: the early 1980s electrical ablation of cardiac 
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tery exists. How this technique will be used in the future 
and its role in the management of cardiac arrhythmias 
are impossible to predict. The concept is, however, logi- 
cal and its future will strongly depend on how the tech- 
nique is used, and the ability of investigators to assess 
the cost-to-benefit ratio of this treatment and to control 
successfully damage to the heart. 

In this sense there are theoretical and practical ad- 
vantages of transcoronary chemical ablation as com- 
pared to electrical ablation. First, before the chemical 
(ethanol in our study) is given, iced saline allows confir- 
mation of the identification of the tachycardia-related 
coronary artery, a somewhat different type of mapping 
than electrical mapping.>© Second, general anaesthesia 
is not required. Third, the “all-or-none” effect of percu- 
taneous electrical ablation is not present during trans- 
coronary chemical ablation. There are also possible dis- 
advantages of this technique: manipulation of the coro- 
nary arteries has several risks and at present we do not 
know much about the effects of ethanol or the appropri- 
ate dose to use. 

Friedman et al’ show that there can be another ma- 
jor application of transcoronary techniques in arrhyth- 
mia diagnosis and management. Administration of anti- 
arrhythmic drugs may uncover previously unrecognized 
effects of these drugs when selectively given to the 
arrhythmogenic area or pathway. This concept has 
many implications. Some drugs, like lidocaine in the 
study by Friedman et al,’ may have important effects 
on the conduction of the cardiac impulse if the appro-. 
priate dose is given at the target site, but not when given 
systemically. We are far from understanding all the ef- 
fects of antiarrhythmic drugs. Our explanations have 
been based on possible effects in conduction velocity 
and refractoriness. Velocity of conduction cannot be di- 
rectly measured in the intact human heart. Refractori- 
ness mixes up concepts such as cell inexcitability and 
inability of the impulse to propagate. Refractoriness is 
not the same as phase 3 block. Concepts such as the 
safety factor for conduction (as opposed to refractori- 
ness®) will have to be incorporated as we try to under- 
stand effects of drugs in the clinical situation. We have 
started to use selective catheterization of the atrioven- 
tricular nodal artery to selectively administer drugs to 
the atrioventricular node without affecting other cardiac 
structures. Results like the ones presented by Friedman. 
et al are fascinating although not unexpected. The new 
transcoronary techniques, when combined with stan- 
dard mapping techniques, will also help us realize the 
limitations of electrical mapping of ventricular tachy- 
cardia after myocardial infa We have already 
















to catheterize 

irteries opens a very exciting era in clinical 

mology. The investigators using these techniques 

however, be extremely careful. Investigation 

) uire a very experienced angiographer with ex- 

sive knowledge of angioplasty techniques and a fully 

xperienced electrophysiologist. Experienced teams 

carefully using these new techniques may contribute a 

rapid breakthrough in arrhythmia diagnosis and man- 

agement. Heroic approaches by unexperienced investi- 

ators can, however, rapidly jeopardize the future of 
his technique. 
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Myocardial Infarction 


T hestandard deviation of normal RR intervals predicts 
mortality after acute myocardial infarction indepen- 
‘dently of left ventricular function and ventricular ar- 
rhythmias.! Myers et al? suggested that this measure of 
heart period variability is a broad-band measure com- 
posed of high and low frequency components, and sug- 
gested that patients with malignant arrhythmias have 
reduced power in the high frequency band of the heart 
period or heart rate power spectrum. The high frequency 
‘band of the heart rate power spectrum reflects vagally 
mediated respiratory sinus arrhythmia.?-> Also, 2 time 
domain measures—the percent of absolute differences 
between successive normal RR intervals that exceed 50 
ms (pNN5O) and the root mean square successive differ- 
ence (r-MSSD)—-have been used as measures of tonic 
vagal activity.® 
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The objective of this study was to dettinise the 
strength of association among 3 measures of tonic vaga 
activity: the high frequency band (0.15 to 0.50 Hz) in the 
heart period power spectrum, pNNSO and r-MSSD. We 
expected strong correlations among these 3 variables, anc 
hoped that the correlations would be strong enough tc 
permit their interchangeable use for assessing tonic vaga 
activity in long duration electrocardiographic recordings 
We expected weaker correlations of these 3 measures 
with measures of total heart rate or heart period variabili- 
ty, such as the standard deviation of normal RR intervals 
or the total power in the heart period power spectrum. 

Patients were selected from the 820 participants in 
the Multicenter Postinfarction Study who had a 24-hour 
electrocardiographic recording using methods and crite- 
ria described in a previous report. Ten tapes were ran- 
domly sampled from those that had a standard deviation 
of normal RR intervals <50 ms. Then, 10 tapes were 
selected from those that had a standard deviation of 
normal RR intervals >100 ms, matched for age, left 
ventricular ejection fraction and rales. 

The tapes were digitized on a Marquette 8500 Holter 
analysis system that had the QRS complexes labeled as 
normal, ectopic or artifact. Then, the data were trans- 

ferred by high speed link from the Marquette scanner to 
a Sun 3/160 microcomputer for additional interactive 
editing and computation of heart rate/period variability. 
The pNN50, r-MSSD and the heart rate power spectrum 
were computed using methods previously published.’ 
























FIGURE 1. The correlation be- 


normal RR intervals >50 ms _ 
(pNN50) and the root mean’ 

square successive difference (r- 
MSSD). Open squares identify 
patients with standard deviation 

of normal RR intervals. <50. ms; 
filled-in squares identify pa- 
tients with standard deviation of | 
normal RR intervals >100 ms. 
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F power =-area under the 0.15 to 0.50 Hz band of the 24-hour heart rate power spectrum; PNN50 = proportion of absolute differences between adjacent normal RRintervals |" 
_>50 ms: r-MSSD = root mean square successive difference; SDNN = standard deviation of normal RR intervals; total power = total area up to 0.50 Hz in the 24-hour heart rate power f.: 
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tral procedures. To obtain the heart rate power spec- 
trum, the instantaneous heart rate tachygram was ob- 
tained by computing the reciprocals of NN intervals and 
a smooth heart rate time series was derived from the 
ygram. Samples were taken from this time series 

(00. ms. Missing intervals due to ectopic complexes 

isy segments were interpolated using linear splines. 
mean heart rate was subtracted from the heart rate 

ries and then the power spectrum on the entire 24 

hours of data was computed.’ The heart rate power 
trum between 0.15 and 0.50 Hz was designated the 
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TABLE Il Spearman Rank Correlations Between Measures 
of Heart Rate or Heart Period Variability ; 
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high frequency power band and the area up to 0.50. Hz 
was designated total power. 


Because of the sampling method and non-normal o 


distributions, we used Spearman's rank correlation coef- 





High Frequency Power 


-mal RR intervals <50 ms; filled- 
in squares identity patients with 











Power po 





ficient (r;) rather than Pearson’s product moment corre- 





lation coefficient. 
«The primary data from the study are listed in Table 
I. The patients are paired according to the sampling 
strategy.” The correlations among the 5 measures of 
‘variability are shown in Table II. As hypothesized, there 
are very strong correlations among the 3 measures of 
vagal tone (pNNSO, r-MSSD and the area under the 
0.15 to 0.50 Hz frequency band in the heart rate power 
spectrum), suggesting that these variables are inter- 
changeable (Figures 1 and 2). The specificity of these 
correlations was indicated by the much smaller correla- 
tions between the 3 measures of high frequency heart 
rate/heart period variability and standard deviation of 
normal RR intervals or total power in the heart rate 
power spectrum. The standard deviation of normal RR 
intervals and the total power in the heart rate power 
spectrum provide measures of total 24-hour heart period 
variability, these 2 variables are strongly correlated (r; = 
0.85). 
This study has shown that 2 time domain measures of 
high frequency heart period variability—-pNN50 and r- 
MSSD-—correlate very strongly with each other and also 
with the high frequency band in the 24-hour power spec- 
trum. This result suggests that these measures can be 
used interchangeably to assess the tonic vagal activity 
existing over a 24-hour interval. The time domain mea- 
sures are simple and inexpensive to compute and do not 
require any special procedures to correct segments of the 
electrocardiographic recording that contain ectopic com- 
plexes or artifact. 

The only measure of heart rate/period variability that 
has been shown to correlate with subsequent mortality is 
the standard deviation of normal RR intervals.! Other 
measures have not been evaluated adequately. Since all 3 









. Resection 


and David R. Holmes, Jr., MD 


P ercutaneous coronary atherectomy is currently un- 
@ der investigation as an alternative procedure to per- 
cutaneous balloon angioplasty for the relief of high grade 
obstructive lesions. With this method, tissue is mechani- 
-cally resected from the area of stenosis. Because the depth 
“of resection cannot be controlled with the device used, it is 

: possible to remove not only intimal atherosclerotic mate- 
rial but also deeper arterial structures. In this regard, it is 
of interest that catheter disruption of the internal elastic 

_ lamina in animal studies, with exposure of underlying 
medial elements, resulted in subsequent thrombotic oc- 
oe clusion of the damaged vessel.! Although mechanical re- 
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measures s of high frequency heart rate/ period variabili 
showed only a moderately strong correlation with star 
dard deviation of normal RR intervals, it is impossible t 
know how measures of high frequency heart rate/perio 
variability will associate with total mortality or sudde: 
cardiac death. These associations will have to be deter 
mined in future studies. 

Use of either pNN50, r-MSSD or the high frequent 
band of the heart rate power spectrum to evaluate auto 
nomic nervous system activity in patients with cardia: 
disease should improve our understanding of neural activ 
ity in triggering of malignant ventricular arrhythmia 
and sudden cardiac death. 
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Safety of Percutaneous Coronary Atherectomy with Deep Arterial | 


Kirk N. Garratt, MD, Urs P. Kaufmann, mD, William D. Edwards, MD, Ronald E. Vlietstra, MB, ChB, 


section of tissue by atherectomy may result in the expo- 
sure of medial or even adventitial tissues, the risk of deer 
arterial resections in humans with coronary atherectomy 
has not been reported. : 

Between October 6, 1988, and March 10, 1989, 1 
patients (52 men and 18 women) underwent successfui 
percutaneous coronary atherectomy at the Mayo Clinic, 
using the Simpson-design atherectomy device (Athero- 
Cath, DVI, Inc.) (Figure 1). Among the 70 patients, 77 
procedures were performed and 76 vessels were treated, 
these included the left anterior descending artery in 45, 
right coronary artery in 14, aortocoronary saphenous 
vein bypass graft in 12, left circumflex artery in 1 ana 
tefi main coronary artery in I... 

In all cases, herertomy was ‘performed using thé 
ach and special 
































signed 11Fr guide catheters. In general, patients were 

retreated with aspirin and calcium antagonists, and a 

bolus of heparin (15,000 U) was administered at the 
beginning of each procedure. 

ll resected tissue specimens were fixed in 10% neu- 
tral buffered formalin and were processed routinely for 
light microscopy. Slides were stained with hematoxylin- 
; eosin and elastic-van Gieson. For the purposes of this 

. study, all slides were reviewed by one of us (WDE) for 
‘he extent of medial and adventitial tissue present. Al- 
ugh both adventitia and fibrous atheromas contain 
dense collagen deposits, bundles of adventitial collagen 
-are distinctly different from the pattern of collagen de- 
position within atherosclerotic plaques (Figure 2). 
Among the 76 treated vessels, adventitial tissue was 
dentified in specimens from 23 (30%), in such cases, the 
„adjacent media had been resected in full thickness. Re- 
sected portions of media without adventitia were ob- 
erved in 9 (14%) of 64 coronary arteries and in 3 (25%) 
of.12 aortocoronary saphenous vein bypass grafts. 
Therefore, medial tissue was resected from 39 (51%) of 
6 treated vessels. The resected media averaged 0.25 mm 
(range 0.04 to 0.70) and the resected adventitia averaged 





0.28 mm (range 0.07 to 0.84) in thickness. 


- Cineangiograms taken during the atherectomy pro-— 
cedure were. carefully reviewed in the 23 patients in 
whom adventitia was present in the resected tissues. In8 
(35%), intraluminal haziness without impairment to 
blood flow was observed. Moreover, in 9 (39%), the osti- 
um of a branch vessel was crossed by the atherectomy 
cutter, but blood flow into the arterial branch was not 
disturbed after the procedure. In no case was deep resec- 
tion associated with a major procedural complication, 


such as dissection, perforation or secondary thrombotic = 


occlusion. All of these patients had an uncomplicated 
course after the procedure. 
The rate of acute complications after percutaneous 
atherectomy in human coronary arteries is unknown. It is 
unclear whether the risk of acute complications is in- 
creased among patients in whom resection involves not 
only intimal atherosclerotic material but also underlying 
medial or adventitial segments. Intuitively, it seems possi- 
ble that such injury might lead to dissection, perforation, 
pseudoaneurysm formation or secondary occlusive 
thrombosis. Animal data suggest that deep arterial injury 
may be associated with extensive platelet-thrombus de- 

















FIGURE 1. AtheroCath coronary atherectomy device. It is capable of resecting tissue when the catheter is held against the ves- 
sel wall by inflation of a low pressure balloon (light arrows). The side window of the outer housing faces the stenotic element 
and the rotating inner cup advances (dark arrow) across the tissue that has prolapsed into the device through the side window. 


FIGURE 2. Photomicrograph of tis- 
sue resected by coronary atherec- 

tomy device. Deep resection yielded 
“not only diseased intimal tissue but 


also medial and adventitial tissue. 


‘(Elastic-van Gieson stain, X 90, re- 
duced by 13%). 
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_ velopment, presumably: related to exposure of subintimal 
type I collagen and release of thrombotic mediators.! 
Nonetheless, our early clinical experience demonstrates 
no significant acute thrombotic events with deep tissue 
“resection when aspirin and high dose heparin are used. 
Clinical data from the balloon angioplasty experience 
suggest that the degree of residual stenosis may be an 
important factor in predicting restenosis for some 
lesions.? Animal data have demonstrated that platelet 
deposition, an important hemorrheologic factor in coro- 
nary restenosis,' is a function of shear rate,? which is 
determined by luminal diameter at any given flow rate. 
Therefore, minimizing residual stenosis may limit plate- 
let deposition at the atherectomy site. Reduced turbu- 
lence resulting from removal of the atheroma may also be 
of benefit. 














P eripartum cardiomyopathy is a rare disease of 
; unknown etiology. Risk factors for its development 
include increased maternal age, black race, multiparity, 
twinning, malnutrition, toxemia and hypertension.!? The 
mortality rates in the acute and subacute phases range 
from 30 to 60%. The prognosis is especially poor in 
patients with significant cardiomegaly persisting >6 
months and in patients with low left ventricular (LV) 
ejection fraction.* Other noninvasive or clinical charac- 
teristics affecting severity and prognosis of the disease 
have not been well defined. We describe our experience 
with 19 consecutive patients with peripartum cardiomy- 
opathy who were prospectively evaluated in Sao Paolo, 
_ Brazil. 
Between January 1982 and June 1988, 19 patients 
(12 white, 7 black, mean age 26 years, range 18 to 40) 
with peripartum cardiomyopathy were admitted to Es- 
cola Paulista de Medicina. Upon admission all patients 
were in New York Heart Association functional class IV. 
~ Peripartum cardiomyopathy was defined as the develop- 
ment of heart failure for the first time during the third 
trimester of pregnancy without a history of, or evidence 
for, significant valvular, hypertensive or ischemic heart 
disease. All patients gave no history of excessive alcohol 
intake and had negative serologic tests for Chagas’ dis- 
ease. 
Patients’ evaluation included history, physical exam- 
ination, 12-lead electrocardiogram, chest x-ray (in the 
. posteroanterior and left lateral projections) and M- 
“mode or 2-dimensional echocardiogram. Right ventricu- 
lar myocardial biopsies were obtained from 13 patients. 
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We observed medial elements l in5 1% of resected vas- 
cular tissues, and identified adventitia in 30% of speci- 
mens. These data suggest that deep (subintimal) resec- 
tion of vascular tissues during coronary atherectomy pro- 
cedures does not result in acute thrombotic, hemorrhagic 
or occlusive complications. The long-term effects of deep 
arterial resection remain unknown. 
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Prognosis in Peripartum Cardiomyopathy 


Antonio Carvalho, MD, Anselmo Brandao, MD, Eulogio E. Martinez, MD, Dimitrios Alexopoulos, MD, 
Valter C. Lima, MD, Jose L. Andrade, MD, and John A. Ambrose, MD 


None of our patients had clinical evidence of mainu- 
trition or a history of viral-like symptoms before the 
onset of symptoms of heart failure. Four patients were 
smokers and 5 patients had only mild hypertension dur- 
ing pregnancy. All patients presented to the hospital 
within 1 week after onset of symptoms. At the time of 
hospital admission physical examination revealed jugu- 
lar venous distension in 15, hepatomegaly in 15, pedal 
edema in 16 and ascites in 3 patients. An S3 gallop 
rhythm was present in 15 and a mitral holosystolic mur- 
mur in 7 patients. 

Patients were followed up for an average of 21 Gane 
6 to 72) months after initial admission. Patients were 
divided in 2 groups depending on their clinical status at 
follow-up. Group A consisted of 8 patients who remained 
in functional class I or I, and group B consisted of 11 
patients who either died, received cardiac transplanta- 
tion or remained in functional class III or IV. 

Two-tailed unpaired t test and Fisher exact test were 
used for comparison of continuous and discrete: vari- 
ables, respectively, between the 2 groups. All values are 
expressed as mean + | standard deviation. A p value 
<0.05 was considered significant. 

Noninvasive laboratory findings included sinus 
rhythm in all patients on admission. The electracardio- 
grams almost always exhibited nonspecific ST-T 
changes; they were normal in only 2 patients. Four pa- 
tients had voltage criteria for LV hypertrophy and 1 
patient left atrial enlargement. Two patients had left 
bundle branch block and 2 additional patients had left 
anterior hemiblock. 

Good quality M-mode or 2-dimensional echocardio- 
grams were obtained within 24 to 48 hours of the initial 
hospital admission in 16 of 19 patients. The characteris- 
tic findings were LV dilation with reduced fractional 
shortening and normal LV wall thickness (Table 1). Left 









_ atrial dimension was either normal or slightly increased. 





Onset of Symptoms 
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2 weeks postpartum 

1 week postpartum 

4 weeks postpartum 

1 week postpartum 

Seventh month of pregnancy 
Eighth month of pregnancy 
12 weeks postpartum 

1 week postpartum 





22 weeks postpartum 
8 weeks postpartum 
1 week postpartum 

2 weeks postpartum 
4 weeks postpartum 
8 weeks postpartum 
6 weeks postpartum 
4 weeks postpartum 
4 weeks postpartum 
Seventh month of pregnancy 
4 weeks postpartum 








CTR < cardiothoracic ratio; LVEDD = left ventricular end-diastolic diameter (mm); SD = standard deviation; — = not available, 





One patient exhibited type A paradoxical septal motion. 
Small pericardial effusions were detected in 3 patients. 
ght ventricular biopsy specimens were obtained an 
rage of 8 months from the onset of symptoms in 13 of 
atients. No patient had a completely normal biopsy. 
ost frequent findings (hypertrophied myocardial 
fibrosis and focal increase of inflammatory cells) 
ere consistent with healing myocarditis. Signs of acute 
yace ditis were found in only 1 patient. 
ents in group A showed normalization of heart 
ithout medications and 6 receiving digoxin as 
medication). In group B, there were 7 patients in 
fi tional class II or IV, receiving digoxin, furosemide 
vasodilators (one of them awaiting heart transplan- 
on). One patient had cardiac transplantation 9 
months: postpartum and 3 patients died 6, 24 and 28 
_months after delivery in congestive heart failure. 
Patients in group B tended to be older than patients in 
group A, p <0.07 (Table I). There was a predominance 
‘black women in group B compared to group A (54 vs 
2%, p <0.06). Multiparity, similarly, tended to be more 
frequent in group B than in group A patients (73 vs 25%, 
pe: 06). Two of 8 group A patients versus 8 of 11 group 
B patients (p <0.05) had onset of symptoms later than 2 
weeks postpartum. Cardiothoracic ratios at the time of 
hospital admission were larger in group B than in group 
A(Table 1, p <0.03. The LV end-diastolic diameter was 
ificantly larger in group B (Table I), p <0.005. Pul- 
-y thromboembolism occurred in 1 patient and ce- 
embolism in 4 patients. All patients who had 
nboembolic episodes were in group Bo 





remaining patients had severe heart failure. Embolic e 
sodes occurred frequently (in 26% of our patients); whi 
is similar to previous studies. Mural thrombi are comm 
on pathologic examinations in patients with peripart 
cardiomyopathy and pulmonary and systemic emboli 
tions are not infrequent.!3 

Only 1 patient had pathologic findings diagnostic of ; 
myocarditis. It is possible that a higher prevalence of 
myocarditis would have been found had the biopsies been 
performed earlier after the onset of symptoms.* Of in- 
terest, in patients with a benign clinical course, myocardi 
al biopsies revealed histologic abnormalities even when | 
heart size had returned to normal. 

As mentioned, this syndrome occurs more frequently 
in older, multiparous and black women. Because approxi 
mately 80% of our obstetric clinic patients were white ant 
<30 years old, the findings of a 37% incidence of bla 
women and a 32% incidence of women >30 years old w 
this syndrome may not be inconsistent with prior studie 
However, we found no association between multiparit 
and peripartum cardiomyopathy. Nine of our 19 patients. 
(47%) were primiparous. Similarly, 57% of the 14 pa 
tients reported by O’Connell et al’ were primiparous. — 

When patients were divided according to clinical out- 
come, LV end-diastolic diameter was found to be strongly 
associated with a poor prognosis. This finding is consis- 
tent with the data of O’Connell et al.5 The larger LV end 
diastolic dimension in patients with poor prognosis proba: 
bly indicated a greater degree of myocardial damage o 


good prognoses. Furthermore, ‘prognosis was relat ; 
race, age and multiparity. Six of 7 black women ar 








courses. This is the first series of patients with peripartum 


whom a tendency to an association 
between known. risk factors (age, multiparity and race) 
and bad prognosis is reported. The late (>2 weeks post- 
partum) onset of symptoms was also more frequent in 
patients with a poor prognosis. It is not clear from this 
study whether this finding could reflect different mecha- 
nisms involved in the pathogenesis of the disease. 

In conclusion, increased LV end-diastolic diameter in 
the acute phase of peripartum cardiomyopathy and late 
postpartum onset of symptoms were associated with a 
poor prognosis. A trend toward poor prognosis was also 

seen in women who were black, multiparous and older 
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Failure 


I n humans, the salutary properties of the opioid agonist 
morphine in the treatment of acute pulmonary edema 
and chronic congestive heart failure (CHF) are well 
known. These are thought to be the result of vasodilata- 
tion and concomitant afterload reduction caused by bind- 
~ ing with central! and peripheralt opioid receptors. This 
clinical pharmacologic observation suggests that the en- 
“dogenous opioid peptides have the potential to contribute 
favorably to the regulation of the hemodynamic response 
to acute and chronic CHF. However, contrary to the 
expectation based on the therapeutic efficacy of mor- 
phine, the endogenous opioids may actually exert a dele- 
terious effect on the hemodynamic response to cardiogen- 
ie shock and the syndrome of CHF.>° Case reports de- 
~seribe dramatic hemodynamic improvement after the 
administration of low doses of the narcotic antagonist 
-naloxone to patients suffering cardiogenic shock in the 
setting of an acute myocardial infarction.” 
The hemodynamic effects of therapeutic (0.02 mg/ 
kg) or maximal (1 mg/kg) doses of naloxone have not 
-been studied in patients with CHF. In normal volunteers 
naloxone at doses up to | mg/kg causes little alteration in 
‘blood pressure, heart rate or respiration. If endogenous 
opioids do play a role in the regulation of the hemody- 
`- namic response to chronic myocardial failure, alterations 
in resting hemodynamics after the administration of an 
Opioid antagonist to patients with CHF should be identi- 
< fied. We report the first study defining the hemodynamic 
consequences of a graded naloxone infusion in patients 
with CHF. 
Six patients (4 men, 2 women, mean age 47 years, 
ge 34 to 57) with stable clinical class II or III conges- 
-< tive heart failure (New York Heart Association) agreed 
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- Hemodynamic Effects of High Dose Naloxone in Congestive Heart 


o L. Allen Kindman, MD, and Michael B. Fowler, MB, MRCP 


to participate. Because of the severity of symipions or of 
adverse prognostic factors, these patients were being con- 
sidered for orthotopic cardiac transplantation. All were 
in good health otherwise. All patients were in sinus 
rhythm. The mean duration of symptomatic CHF was 
29 months (range 6 to 72). The etiology of left ventricu- 
lar failure was idiopathic dilated cardiomyopathy in 4 
and was secondary to extensive myocardial infarction 
due to coronary artery disease in 2. The mean ejection 
fraction + standard deviation was 11.3 £ 4.4% (range 6 
to 19) by radionuclide angiography. The maximal oxy- 
gen uptake during a symptom-limited treadmill test 
(performed in 5 of the 6 patients) was 14.2 + 1.8 ml/min{ 
kg (mean + standard deviation, range 12 to 17). None of 
the patients admitted to narcotic use within the week 
before the study. Informed consent was obtained from all 
subjects in accordance with the directives of the. 
Subjects Committee of Stanford University Me 
Center, 

All patients took their usual medications, including 
digoxin, furosemide, potassium and captopril at clini- 
cally well-tolerated doses, before the study. All patients 
had been receiving a stable therapeutic regimen for at 
least 1 week before the study. Two were receiving pro- 
cainamide for nonsustained ventricular tachyarrhyth- 
mias. Patients were studied in the fasting state. Diaze- 
pam, 5 or 10 mg, was given orally as premedication. 
Pulmonary arterial and right atrial pressures were mon- 
itored with a 7Fr flow-directed thermodilution catheter 
(Critikon). Left ventricular pressure was monitored with 
either a Camino fiber optic catheter or a 6.7Fr endhoi 
pigtail catheter maintained with constant drip infusio 
when not being used for measurements. Systemic arteri- 
al pressure was monitored through the sideport of an 8Fr 
sheath E which the it ventricular catheter had 














































Pacing and After Administration of Bolus Doses of Nal 


< Baseline Pacing 


724123 
97+ 15.8 
2546.2 
36 + 6.7 
2447.9 
9.2143.9 
2.9+0.75 
2,230 + 510 
450 + 140 
966 + 240 
0.72 £0.20 
0.65 + 0.09 
59+ 14.7 


aes, äre mean + standard deviation. 


7549.7 
98+ 12.2 
2545.8 
3246.8 
27+5.3 
9.343.8 
29407 
2,390 + 550 
360 + 120 
1,082 + 211 
0.82 + 0.20 
0.66 + 0.18 
78 + 22.4 


e Hydrochlorid with | 


Naloxone (in mg/kg) 


0.01 


77 413.0 
101 + 12.4 
25459 
3846.9 
27 +83 
1145.3 
2.7+0.6 
2,540 + 830 
440 +170 
1,035 + 205 
0.75 +0.13 
0.67 +0.14 
764181 


76 + 12.3 
101 413.9 
2645.9 
3947.1 
2848.3 
1247.1 
3.0+0.8 
2,560 + 1,190 
390 + 90 
1,072 + 246 
0.78 +0.18 
0.66 +0.12 
5717.0 


724 13.2 
97 412.5 
2546.8 


0.59031: 
54 + 20.0 


terminations after naloxone infusion were made during atrial pacing at a constant rate 5 to 10% above normal sinus rate. 
an. femoral arterial pressure (mm Hg); CO = cardiac output (liters / min): LVED = left ventricular diastolic pressure (mm Hg); LVsys = left ventricular systolic pressure (mim 


mean =r 
traction at load zero (s7!); Vpr = maximum ratio of dP /dt/28P (57t). 


of left ventricular relaxation; and dP/dt, the 

ximal increase in pressure versus time.’ Atrial pacing 

complished from the high right atrium (5 pa- 

a tients) or coronary sinus (1 patient) with a 4, 5 or 6Fr 

olar catheter. A rate 10 to 15% above sinus was cho- 

instance did native rhythm exceed the paced 

any point in the study. Cardiac output was 

ermined in duplicate or triplicate by thermodilution 

0 cc of saline at room temperature. Naloxone was 

inistered through a central vein as a slow push over I 

te. Data collection was started 1 minute after the 

infusion was completed. After completion of the 

ly catheters were removed and patients returned to an 
arrhythmia monitoring unit for at least 16 hours. 

Naloxone h ydrochloride was a gift from Du Pont and 

Co. It was supplied in 1-ml vials containing 10 mg/ml 
_and was preservative-free. Food and Drug Administra- 
on approval was obtained for the use of this prepara- 
tion (IND 30244). Doses administered were 0.01, 0.1 and 
1.0 mg/kg. 

: Analysis of variance of repeated measures was used 
for. comparison of serial data. The null hypothesis was 
rejected for alpha <0.05. 

Resting hemodynamics are listed in Table I, and are 
insistent with severe CHF. Data obtained after the in- 
sion of 0.01, 0.1 and 1.0 mg/kg of naloxone are also 

listed in Table I. The indexes of systolic function— 
cardiac output, dP/dt, Vmax and Vpm—were all un- 
changed after the administration of up to 1 mg/kg of 
naloxone. As indexes of relaxation and diastolic compli- 
ance, the left ventricular end-diastolic pressure and T 
were determined, They were unchanged by naloxone. 

The status of the pulmonary vasculature is reflected 

ulmonary artery pressures, poet, Pieti 


mean = mean pulmonary arterial pressure (mm Hg); PAW = mean pulmonary artery wedge pressure (mm Hg); PVR = pulmonary vascular resistance (dynes s cri“); RA) 
ight atrial pressure (mm Hg); SVR = systemic vascular resistance (dynes s cm); T = time constant of left ventricular pressure decrease; Vina. = extrapolated veloc 





shown). As with the pulmonary circulation, the system 
vascular bed demonstrated no response to naloxone. 
Systemic systolic, diastolic and mean pressures were 
unchanged as were right atrial pressure and systen 
vascular resistance (Table D. ; 

Treatment with high dose naloxone was not ass 
ated with the appearance of arrhythmias. During th 
follow-up period of at least 16 hours of continuous elec 
trocardiographic monitoring, no new arrhythmias 
observed. 

Thus, the narcotic antagonist naloxone has no eff 
on indexes of systolic or diastolic function in patients with 
severe CHF. The doses given ranged from a typical the 
peutic dose of 0.01 mg/kg, as would be used after 2 
thesia or in the treatment of narcotic overdoses, to 
high dose of 1.0 mg/kg, which has been used in studies of 
septic or hemorrhagic shock in animals and septic shock 
in humans.!° : 

Our results are in contrast with those reported 
Liang et al> from a canine model of chronic right ven 
ular failure. Their investigation induced right ventricula 
failure by tricuspid avulsion and pulmonary artery ban 
ing. They® observed a slight increase in left ventricular 
dP/dt and cardiac output, as well as a decrease in systet 
ic vascular resistance after the administration of th 
opioid antagonist nalmefene. This model differs fro: 
human CHF in that it is one of predominantly right-sided. 
heart failure. In addition to their well-described thera 
peutic properties, narcotic agonists as well as antagonists 
are known to have metabolic effects unrelated to their 
binding to specific opioid receptors. These appear to be — 
mediated through nonspecific binding at other mem 
brane sites.!! This is especially true at high drug concen: 
trations. Unpublished work from our laboratory indicates 
that naloxone at high concentrations has a nonspecific 





be adequate account for the increase 
: ity observed by Liang,’ Caffrey® and their co- 
: workers after administration of opioid antagonists by the 
systemic and intracoronary routes, respectively. 

The intravenous administration of naloxone will un- 
doubtedly influence opioid binding at a variety of sites 
throughout the body. The net result of these interactions 
may be imperceptibly small or nonexistent. Because of 
the limited number of patients investigated, these differ- 

-ences could be overlooked (type II error). In principle, 
these interactions could differ in patients with coronary 
disease compared with those with idiopathic dilated car- 
-«.- diomyopathy. However, there are no published data to 

support this and analysis of the data reported here did not 


reveal trends suggestive of a differential response to nal- 
-oxone (not shown). 


This study demonstrates that naloxone has no effect 
_ on resting hemodynamics and will not be of clinical value 
in the treatment of chronic, severe CHF. The determina- 
tion of the importance of the endogenous opioids in the 
circulatory and myocardial response to CHF in humans 


awaits further investigation with more specific opioid ag- 


onists and. antagonists. 
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INDERAL® LA brand of propranolol hydrochioride (Long Acting Capsules) 







DESCRIPTION. INDERAL LA is formulated to provide a Sustained release of propranolol 
hydrochloride. INDERAL LA is available as 60 mg, 80 mg, 120 mg, and 160 mg capsules. 


‘CLINICAL PHARMACOLOGY. INDERAL is a nonselective, beta-adrenergic receptor- 
blocking agent possessing no other autonomic nervous system activity. It specifically com- 
petes with beta-adrenergic receptor-stimulating agents for available receptor sites. When 
access to beta-receptor sites is blocked by INDERAL. the chronotropic, inotropic, and vaso- 
dilator responses to beta-adrenergic stimulation are decreased proportionately 
z INDERAL LA Capsules (60, 80, 120, and 160 mg) release propranolol HC! at a controlled and 
‘predictable rate. Peak blood levels following dosing with INDERAL LA occur at about 6 hours 
» and the apparent plasma half-life is about 10 hours. When measured at steady state over a 
24-hour period the areas under the propranolol plasma concentration-time curve (AUCs) for 
the capsules are approximately 60% to 65% of the AUCs tor a comparabie divided daily dose 
of INDERAL Tablets. The lower AUCs for the capsules are due to greater hepatic metabolism of 
progranolot, resulting from the slower rate of absorption of propranolo!. Over a twenty-four (24) 
fioi period, blood levels are fairly constant for about twelve (12) hours then decline exponen- 
ially. 
INDERAL LA shouid not be considered a simple mg-for-mg substitute for conventional 
“propranolol and the blood levels achieved do not match (are lower than) those of two to four 
times ‘daily dosing with the same dose. When changing to INDERAL LA from conventional 
propranolol, a possible need for retitration upwards should be considered especially to main- 
tain effectiveness at the end of the dosing interval. in most clinical settings, however, such as 
hy erterision.or angina where there is little correlation between plasma levels and clinical 
oettect. INDERAL LA has been therapeutically equivalent to the same mg dose of conventional 
INDERAL as: assessed by 24-hour effects on biood pressure and on 24-hour exercise re- 
porises of heart rate, systolic pressure, and rate pressure product. INDERAL LA can provide 
{fective beta blockade for a 24-hour period 


INDICATIONS AND USAGE. Hypertension: INDERAL LA is indicated in the manage- 
ment of hypertension; it may be used alone or used in combination with other antihypertensive 
agents, particularly a thiazide diuretic. INDERAL LA is not indicated in the management of 


hypertensive emergencies. 
Angina Pectoris Due to Coronary Atherosclerosis: INDERAL LA is indicated for the 


long-term management of patients with angina pectoris 

Ski Migraine: INDERAL LA is indicated for the prophylaxis of common migraine headache 
“The efficacy of propranolol in the treatment of a migraine attack that has started has not been 

established and propranoiol is not indicated for such use. 
> Stenosis: INDERAL LA is useful in the management of hyper- 
trophic subaortic. stenosis, especially for treatment of exertional or other stress-induced 
angina, palpitations, and syncope. INDERAL LA also improves exercise performance. The 
3 eness of propranolol hydrochloride in this disease appears to be due to a reduction of 
the elevated outflow pressure gradient which is exacerbated by beta-receptor stimulation. 
Clinical improvernent may be temporary. 


CONTRAINDICATIONS. INDERAL is contraindicated in 1) cardiogenic shock: 2) sinus 
bradycardia and greater than first-degree 
Block; 3) bronchial asthma: 4) congestive heart 
failure (see WARNINGS) unless the failure is 
secondary to a tachyarrhythmia treatable with 
INDERAL 


WARNINGS, CARDIAC FAILURE: Sympa- 
thetic stimulation may. be a vital component 
supporting circulatory function in patients with 
congestive heart failure. and its inhibition by 
beta blockade may precipitate more severe 
failure, Although beta blockers should be 
avoided in overt congestive heart failure. ifnec- 
essary, they can be used with close follow-up in 
‘patients with. a history of failure who are well 
comperisated and are receiving digitalis and 
_ diuretics, Beta-adrenergic blocking agents do not abolish the inotropic action of digitalis on 
hear muscle, 
-IN PATIENTS WITHOUT A HISTORY OF HEART FAILURE, continued use of beta blockers 
can, in some cases, lead to cardiac failure. Therefore, at the first sign or symptom of heart 
allure; the patient should be digitalized and/or treated with diuretics, and the response 
“observed closely, or INDERAL should be discontinued (gradually, if possible) 


IN-PATIENTS WITH ANGINA PECTORIS, there have been reports of exacerbation of 
feed and; in:some cases, myocardial infarction, following abrupt discontinuance of 
INDERAL therapy, Therefore, when discontinuance of INDERAL is planned, the dosage 
should be. gradually reduced over at least a few weeks, and the patient should be 
cautioned against interruption or cessation of therapy without the physician's advice. If 
INDERAL therapy is interrupted and exacerbation of angina occurs, it usually is advisable 
“toreinstitute INDERAL therapy and take other measures appropriate for the management 
‘of unstable angina pectoris. Since coronary artery disease may be unrecognized, it may 
“be prudent to follow the above advice in patients considered at risk of having occult 
atherosclerotic heart disease who are given propranolol for other indications. 


; allergic: chronic bronchitis, emphysema) — PATIENTS 
WITH BRONCHOSPASTIC Ose aes SHOULD IN GENERAL NOT mee VE BETA 


“BLOCKERS. INDERAL should be administered with caution since it may block bronchodilation 
produced by endogenous and exogenous catecholamine stimulation of beta receptors 
“MAJOR SURGERY: The necessity or desirability of withdrawal of beta-blocking therapy prior 
‘major surgery is controversial. It should be noted, however, that the impaired ability of the 
gart to respond to reflex adrenergic stimuli may augment the risks of general anesthesia and 
Het rocedures. 
JINDERAL (propranolol HCI), like other beta blockers, is a competitive inhibitor of beta-recep- 
Tor agonists and its effects can be reversed by administration of such agents, eg, dobutamine 
isoproterenol. However, such patients may be subject to protracted severe hypotension 
Difficulty in.starting and maintaining the heartbeat has also been reported with beta blockers 
si TABLTES AND HYPOGLYCEMIA: Beta blockers should be used with caution in diabetic 
patients if a beta-blocking agent is required. Beta blockers may mask tachycardia occurring 
‘with ‘hypoglycemia, but other manifestations such as dizziness and sweating may not be 
cantly affected. Following insulin-induced hypoglycemia, propranolol may cause a delay 
in the recovery of blood glucose to normal levels 
HYROTOXICOSIS: Beta blockade may mask certain clinical signs of hyperthyroidism 
\erefore, abrupt withdrawal of propranolol may be followed by an exacerbation of symptoms 
‘of hyperthyroidism, including thyroid storm. Propranolol! may change thyroid function tests. 
increasing Ta and-teverse Ta, and decreasing Tg, 
AN PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several cases have been 
reported in-which, after propranolol, the tachycardia was replaced by a severe bradycardia 
uiring a demand pacemaker. in one case, this resulted after an initial dose of 5 mg 
propran ESS Se i 
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ERAL (propranolol HO} is not indicated for the treatmentóf: A i 


“Beta-adrenoreceptor blockade can cause reduction of intraocular pressure: Patients shouk 
be told that NDERAL may interfere with the glaucoma screening test. Withdrawal may lead to¢ 
return of increased intraocular pressure. : : $ 

CLINICAL LABORATORY TESTS: Elevated blood utea levels in patients with severe hear 
disease, elevated serum transaminase, alkaline phosphatase, lactate dehydrogenase. 

DRUG INTERACTIONS: Patients receiving catecholamine-depleting drugs such as reser 
pine should be closely observed if INDERAL (propranolol HCI) is administered. The addec 
catecholamine-blocking action may produce an excessive reduction of resting sympathetic 
Nervous activity which may result in hypotension, marked bradycardia, vertigo, syncopa 
attacks, or orthostatic hypotension. : 
Caution should be exercised when patients receiving a beta blocker are administered @ 
calcium-channel-blocking drug, especially intravenous verapamil. for both agents may de- 
press myocardial contractility or atrioventricular conduction. On rare occasions, the concomi- 
tant intravenous use of a beta blocker and verapamil has resulted in serious adverse reactions, 
especially in patients with severe cardiomyopathy, congestive heart failure. or recent myocar 
diai infarction. BS 
Aluminum hydroxide gel greatly reduces intestinal absorption of propranolol 
Ethanol slows the rate of absorption of propranolol 
Phenytcin, phenobarbitone, and rifampin accelerate propranolol clearance. 
Chlorpromazine, when used concomitantly with propranolol. results in increased plasma 
levels of both drugs 
Antipyrine and lidocaine have reduced clearance when used concomitantly with 

































proprano o! 
hyroxine may result in a lower than expected T3 concentration when used concomitantly 
with propranolol ` 
Cimetidine decreases the hepatic metabolism of propranolol, delaying elimination an 
increasing blood levels t 
Hs dials clearance is reduced when used concomitantly with propranolol nee 
CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Long-term: studies in 
animals have been conducted to evaluate toxic effects and carcinogenic potential in-18- 
month studies in both rats and mice, employing doses up to 150 mg/kg/day,.there was no 
evidence of significant drug-induced toxicity. There were no drug-related tumorigenic effects 
at any of the dosage levels. Reproductive studies in animals did not show any .impairment:of 
fertility that was attributable to the drug 
PREGNANCY: Pregnancy Category C. INDERAL has been shown to be-embryotoxic in 
animal studies at doses about 10 times greater than the maximum recommended human dose, 
There are no adequate and well-controlled studies in pregnant women. INDERAL should be 
used during pregnancy only if the potential benefit justifies the potential risk to the fetus. 
NURSING MOTHERS: INDERAL is excreted in human milk. Caution should be exercised 
when INDERAL is administered to a nursing woman. 
PEDIATRIC USE: Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS. Most adverse effects have been mild and transient and have rarely 
required the withdrawal of therapy. 

ardiovascular: Bradycardia, congestive heart failure; intensification of AV block; hypoten- 
sion, paresthesia of hands; thrombocytopenic purpura; arterial insufficiency, usually of the 





























Raynaud type. 

Central Nervous System: Light-headedness: mental depression manifested by insomnia, 
lassitude, weakness, fatigue: reversible mental depression progressing tò catatonia: visual 
disturbances, hallucinations; vivid dreams: ar! 
acute reversible syndrome characterized by 
disorientation for time and place, short-term 
memory loss, emotional lability, ‘slightly 
clouded sensorium, and decreased perfor 

* mance on neuropsychometrics. Forimmediate 
~ formulations. fatigue, lethargy, ard vivid 
`À ~ t dreams appear dose related 
H Gastrointestinal: Nausea, vomiting, epigas- 
tric distress, abdominal cramping, diarrhea, 
constipation. mesenteric arterial thrombosis, 
ischemic colitis. 

Allergic: Pharyngitis and agranulocytosis: 
erythematous rash, fever combined with ach- 
ing and sore throat, laryngospasm and respira- 
tory distress. 





60mg 80mg 120mg 160mg 


Respiratory: Bronchospasm. 

Hematologic: Agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic purpura. 

Auto-Immune: in extremely rare instances, systemic lupus erythematosus has been 
reported. “ 

iscellaneous: Alopecia, LE-like reactions, psoriasiform rashes, dry eyes, male impotence, 
and Peyronie's disease have been reported rarely. Oculomucocutaneous reactions involving 
the skin, serous membranes and conjunctivae reported for a beta blocker (practolol} have.nct 
been associated with propranolol 


DOSAGE AND ADMINISTRATION. INDERA: LA provides propranolol hydrochioride ina 
sustained-release capsule for administration once daily. If patients are switched from INDERAL 
Tabiets to INDERAL LA Capsules, care should be taken to assure that the desired therapeutic 
effect is maintained. INDERAL LA should not be considered a simple mg-formg substitute for. 
INDERAL. INDERAL LA has different kinetics and produces lower blood lévels.-Retitration may 
be necessary, especially to maintain effectiveness at the end of the 24-hour dosing interval. 
HYPERTENSION — Dosage must be individualized. The usual initial dosage is 80 mq 
INDERAL LA once daily, whether used alone or added to a diuretic. The dosage may be 
increased to 120 mg once daily or higher until adequate blood-pressure control is achieved.’ 
The usual maintenance dosage is 120 to 160 mg once daily. In some instances.a dosage of 640 
mg may be required. The time needed for full hypertensive response to a'given dosage is 
variable and may range from a few days to several weeks. : 
ANGINA PECTORIS -- Dosage must be individualized. Starting with 80 mg INDERAL LA. 
once daily, dosage should be gradually increased at three- to seven-day intervals untiloptirnal. 
response is obtained. Although individual patients may respond al any dosage level, the: 
average optimal dosage appears to be 160 mg once daily. In angina pectoris. the value and 
safety of dosage exceeding 320 mg per day have not been established. eak 
w BRINGS) is to be discontinued, reduce dosage gradually over a period of a few weeks (see 
IN ne 
MIGRAINE — Dosage must be individualized. The initial oral dose is 80 mg INDERAL LA 
once daily. The usual effective dose range is 160-240 mg once daily. The dosage. maybe. 
increased gradually to achieve optimal migraine prophylaxis. If a satisfactory response is hot 
obtained within four to six weeks after reaching the maximal dose, INDERAL LA therapy should 
be ciscontinued. It may be advisable to withdraw the drug gradually over a period of several 
WEEKS pie 
HYPERTROPHIC SUBAORTIC STENOSIS -- 80-160 mg INDERAL LA once daily. 
PEDIATRIC DOSAGE -— At this time the data on the use of the drug in this age group are too 
limited to permit adequate directions for use wd! 
*The appearance of these capsules is a registered trademark of Wyeth-Ayerst Laboratories. 







52418 





LABORATORIES poi ee 
oe “© 1988, Wyeth-Ayerst Laboratories. 


longed Ventricular Fibrillation-Salvage 
ing son New Percutaneous Cardiopulmonary 


adraig o Neill, MD, Teresa Menendez, MD, Robert Hust, MD, 
Jimmy. Howell, mD, Rafael Espada, MD, and Antonio Pacifico, MD 


n recent years there have been 
dramatic technologic advances in 
the hemodynamic support systems 
available to patients with cardiovas- 
cular collapse. These include intra- 
ortic. balloon pumps,! ventricular 
ssist devices?4 and the total artifi- 
heart.°° For satisfactory func- 
ion, the intraaortic balloon pump re- 
uires a stable cardiac rhythm. The 
ther modalities require experienced 
urgical and ancillary staff for inser- 
ion and maintenance of the devices. 
In this report we describe an early 
ssful experience with a new por- 
table percutaneous cardiopulmonary 
support system (CPS-Bard) requir- 
ing minimal technologic support, in a 
tient with refractory ventricular fi- 
rillation. 

A 72-year-old man was treated 
with intravenous tissue plasminogen 
activator for an acute anterior myo- 
cardial infarction. Because of persis- 

chest pain he underwent cardiac 
catheterization, which revealed total 
cclusion of the proximal left anteri- 

: escending artery. Percutaneous 
transluminal coronary angioplasty 
was performed on this vessel as well 
-as on a large first septal perforator 
and the first diagonal branch. The 
patient did well subsequently, but 7 
days after the infarct he had an epi- 

sode of ventricular fibrillation. He 
was resuscitated with direct-current 
countershock and briefly intubated, 
but made a complete recovery within 


‘To stratify his cardiovascular 

_ risk, an electrophysiology study was 
performed. With atrial pacing the 
atient developed angina and 
marked ST-segment changes. The 
procedure was abandoned, and re- 
Q ra catheterization recommended. 


om “the Cardiac Electrophysiology Unit, 
n of Cardiology, Department of Medi- 
ethodist Hospital, Baylor College 

; 6550 Fannin M.S. SM 1249, 


The first arteriogram indicated oc- 
clusive thrombus in the proximal 
left anterior descending artery. With 
a second injection the patient devel- 
oped profound bradycardia and hy- 
potension and, within 30 seconds, 
ventricular fibrillation. This proved 
refractory to repeated direct-current 
countershocks. Standard cardiopul- 
monary resuscitation measures were 
instituted, including intubation and 
external cardiac compression. De- 
spite intravenous lidocaine, sodium 
bicarbonate and multiple cardiover- 
sion attempts, the ventricular fibril- 
lation persisted. 

After 10 minutes had elapsed 
without response, the percutaneous 
cardiopulmonary support system 
was inserted. The previously insert- 
ed intravascular sheaths were re- 
placed over guidewires; the venous 
line was advanced to the inferior 
vena cava under fluoroscopic guid- 
ance and the arterial line was ad- 
vanced to the common iliac artery 
after additional systemic heparin- 
ization with 20,000 U. After the 
pump was primed with saline solu- 
tion and activated, satisfactory 
blood flow (4 liters/min) and mean 
arterial pressure (80 mm Hg) were 
quickly established. Despite con- 
tinuing ventricular fibrillation, the 
patient recovered consciousness. 

He was transported to the oper- 
ating room, the chest cavity was ex- 
posed and efforts were again made 
to defibrillate him, but without suc- 
cess. Cardiopulmonary support was 
completed and coronary artery by- 
pass was performed to the left ante- 
rior descending, the first diagonal 
and the obtuse marginal branches. 
After revascularization, defibrilla- 
tion was easily accomplished. After 
the operation the patient required 
inotropic support and an intraaortic 
balloon pump, but made a steady 
recovery. An electrophysiologic 


-study before discharge indicated no 
evidence of inducible ventricular ar- ; 


The cardiopulmonary suppo 
system used in this patient is a pr 
assembled cardiopulmonary bypass 
circuit comprising a blood pump, 
heat exchanger and oxygenator, and - 
interconnecting tubing. The circuit 
has sampling ports for arterial and 
venous blood. It also has a rapid -vol- 
ume infusion mechanism. The sys- - 
tem can be set up and primed within 
5 to 10 minutes. Most importantly, it 
can support normal cardiac output . 
through femoral arterial and venous 
access. The device is compact, porta- 
ble and battery-powered, thus facil 
tating transfer of a patient for defini- 
tive treatment after initial hemody- _ 
namic stabilization. It is of particular 
value in the cardiac catheterization 
laboratory where vascular access — 
may have already been secur 
through femoral vessels. In very s 
lected high-risk angioplasty and v: 
vuloplasty candidates, consideration — 
may be given to the prophylactic use - 
of this device.’ In patients with re- 
fractory ventricular fibrillation it al- 
lows for rapid stabilization even ifthe — 
arrhythmia persists. 

Thus, in situations such as the one. 
described here, in which the arrhyth- 
mogenic substrate is ischemic, useof - 
this apparatus may “buy time” for 
definitive therapy. As with other ca 
diopulmonary bypass systems, 
of thrombosis, excessive bleeding and 
air embolism exist and mandate 
treme care with its use at all tim 
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yxoma Attached Solely to the Tricuspid 


Valve 


and Paul H. D'Amato, MD 


; Yue cardiac myxoma is rare. 

We report a patient with a large 

myxoma arising from the tricuspid 
valve. 

A 74-year-old man presented 
with acute right-sided heart failure. 
There was no previous history of 
cardiac symptoms, syncope or fever. 
On physical examination, bilateral 

_ rales, severe lower extremity edema 
and a palpable liver were present. 
Cardiac examination showed signif- 
icant jugular venous distension, a 
displaced impulse and a loud S; gal- 
lop. Chest x-ray demonstrated pul- 
monary edema and cardiomegaly. 
Atrial fibrillation and a right bundle 
branch block were noted on the elec- 
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trocardiogram. Two-dimensional 
echocardiography showed a large (4 
X 6 cm) echolucent oval mass in the 
right atrium arising from the anteri- 
or portion of the septal leaflet of the 
tricuspid valve. The mass prolapsed 
through the valve in iate diastole and 
completely entered the right ventri- 
cle until early systole (Figure 1). M- 
mode echocardiography revealed a 
discrete mass behind the tricuspid 
valve, with a lag phase seen during 
diastole consistent with the 2-dimen- 
sional echocardiography findings. 
No other abnormalities were seen. 
The operation was undertaken 
through the right atrium on total 
cardiopulmonary bypass. A solid 
mass measuring 4 X 6 cm was found 
attached by a short stalk to the sep- 
tal leaflet of the tricuspid valve. The 
mass was removed with excision of a 
small ellipse of valve leaflet at the 
base. The leaflet was reapproximat- 
ed. Pathology showed benign myo- 
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ma. The immediate postoperative 


course was uneventful. 
There are published reports of 2 
cardiac myxomas arising from. the. 
mitral valve, and 1 of a cardiac myx- 
oma originating from the pulmonary 
valve. A review of published reports 
revealed 10 patients with tricuspid : 
valvular myxoma.!-19 A 
Of these 10 patients, 4 had tumor 
attachment on the atrial side of the 
valve*37.!0 and 6 on the ventricular 
side.'*-689 Although these tumors. 
are rare, it appears that right-sided 
valvular involvement is more ‘com- 
mon than that on the left side. Re- 
view of the reports of tricuspid valvu- 
lar myxomas revealed no distinct 
clinical features that would allow the 
specific diagnosis of involvement of 
the tricuspid valve. However, 3 of the 
5 patients with tumors originating on 
the atrial side of the valve, including 
our own patient, presented with- 
acute right-sided heart failure.2!9 
Intraventricular tumors based on the 
tricuspid valve also presented most 
commonly with right-sided heart. 
failure, followed by syncope and fe- 
ver of unknown origin. Only 3 of the” 
previously reported patients with tri- 
cuspid valve myxoma underwent 
echocardiographic procedures,?3-!0 
but the findings were similar to ours. 
In our patient, we localized a mass’ 
arising from the tricuspid valve leaf- 
let with both 2-dimensional and M=- 
mode echocardiography, and demon- 
strated complete prolapse into the 
right ventricle during systole. In our 
patient and in the 3 previous patients | 
in whom echocardiography showed: 
valvular origin of these tumors, pro- 
lapse into the ventricle was clearly — 
demonstrated. Thus, cardiographic | 
findings of right atrial mass with pro- 
lapse during cardiac contraction 
should suggest valvular origin of the 
tumor. 
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Prenatal Diagnosis and Circulatory 
Characteristics in Tetralogy of Fallot 
with Absent Pulmonary Valve 

J Jean-Claude Fouron, MD, David J. Sahn, MD, Robert Bender, MD, 


rd Block, MD, Howard Schneider, MD, Patricia Fromberger, MD, 
Hagen-Ansert, RDMS, and Pat O. Daily, MD 


etralogy of Fallot with absent 
pulmonary valve is a form of cy- 
-anotic heart disease that can cause 
severe respiratory distress soon after 
sirth.'!-3 Proper management of the 
isease is closely linked to its early 
ecognition. Ideally, prenatal diagno- 
ist © should allow planning of deliv- 
‘ery in medical centers equipped to 
rovide prompt medical and surgical 
-care to these potentially critically ill 
newborn infants. Recently, 2 fetuses 
th this syndrome were encountered 

he Consultative Fetal Echocar- 
iographic Clinic of the University of 
fornia Medical Center at San 


ASE 1: A 22-year-old gravida 1, 

ra 0 woman was referred to this 

ic at an estimated gestational age 
of 32 weeks because of a mild poly- 
hydramnios associated with a dila- 
‘ation of one of the cardiac ventricu- 
lar cavities and a suggestion of a 
ventricular septal defect noted dur- 
ng routine obstetrical screening. 
ardiac anatomy was first studied 
with an Acuson system with a 5- 
‘Hz linear array transducer. At the 
tart of the echocardiographic scan- 
“ning, large echo-free spaces were vis- 
ible at the base of the heart, behind 
the left atrium. By looking at se- 
 quential planes, it was possible to 
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identify this strucure as dilated 
branches of the pulmonary artery 
connecting with the main pulmonary 
artery, which was also aneurysmal 
(Figure 1). 

It was never possible to visualize 
any connecting vessel between the 
pulmonary trunk and the descending 
aorta as a distal “pulmonary” arch 
suggesting absence of a patent duc- 
tus arteriosus. A few dense echoes 
were noted at the level of the pulmo- 
nary valve compatible with the fi- 
brous ridges, but no valve tissue was 
observed. 

In the 4-chamber view the right 
ventricle was larger than the left, 
which was of normal size. A subaor- 
tic ventricular septal defect with aor- 
tic overriding also was visible in the 
same view (Figure 1B). 

Doppler flow analysis was per- 
formed with a Toshiba SSH65A, 


3.5-MHz sector scanner with a fast. 


Fourier transformation spectral ye- 


locity output. Color flow mapping 
images were obtained in real time: A 
turbulent forward flow was recorded _ 
in the main pulmonary artery and its 
branches during systole. In diastole, 


a retrograde flow was noted not only =. 
in the pulmonary arteries but alsoin. 
the outflow tract of the right ventris -> 


cle (a pulmonary stenosis insuffi-. 
ciency pattern); peak velocities were 
higher for the backward flow com= 
pared with the forward flow. 
A low velocity, turbulent right- 
to-left shunt was recorded through- 
the interventricular defect both in 
systole and in diastole (Figure 2A)... 
The aneurysms in the pulmonary 
arteries appeared filled with turbu- 
lent flow on the flow map echocar-:- 
diogram (Figure 2B). oe 


The family was counselled and. 


plans were made to have delivery at- > 


tended by a neonatologist, a pediat- 


ric cardiologist and the high risk ob- 
stetrics team at Kaiser Permanente. — 
Delivery occurred 5 weeks later, At 
birth, the 2.8-kg female infant cried 
twice and then, because she had sé- 


vere chest retractions and the ob- 


served breath sounds suggested air- 


FIGURE 1. A, short-axis view from the fetal echocardiogram shows dropout of | 
the anterior wall left ventricular outflow tract, on normal size pulmonary anulus 
and dilation of the distal pulmonary artery area. 5, long-axis fetal view shows is 
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way ð , she was intubated 
and placed on a ventilator. Initial 
PO; was 38 mm Hg, pH was 7.19 
and PCO, was 92 mm Hg. 

Cardiac catheterization was per- 
formed on the third day of life and 
confirmed a diagnosis of tetralogy of 
Fallot with absent pulmonary valve 
and extremely large aneurysms of 
the pulmonary arteries (Figure 3). 
Because of the high risk of surgery 
at her birth weight, the infant was 
maintained on a respirator until, at 2 
months of age, she underwent suc- 
cessful open heart surgery for aneu- 
rysmorrhaphy and tetralogy repair 
with a 14-mm porcine bioprosthetic 
valve in the right ventricular outflow 
tract. 

CASE 2: A fetus with an estimated 
gestational age of 26 weeks con- 









FIGURE 2. A, long-axis color flow map shows right-to-left shunting across the 


woman was referred for evaluation 
of right-sided heart enlargement and 
aortic overriding. On imaging and 
Doppler studies, the aorta was 
13 mm, the pulmonary artery and 
branches were aneurysmally dilated 
to 16 to 18 mm and Doppler, as in 
case 1, showed high velocity to-and- 
fro flow (1.75-m/s forward right 
ventricle-to-pulmonary artery flow 
and 2.0-m/s backward pulmonary 
artery-to-right ventricle flow) across 
the pulmonary anulus (Figure 4). 
Color flow mapping again demon- 
strated the enlarged pulmonary 
arteries, The ventricular septal de- 
fect shunt, as in the first case, was 
right-to-left. Follow-up at 34 weeks 
showed further enlargement of the 
pulmonary arteries but no signs of 
























_ subaortic ventricular septal defect in both systole and diastole. B, flow map 





perpendicular to the right ventricular outflow tract shows turbulent flow from 
; artery and reveals the dilated left and 


ceived by a 24-year-old primiparous — 











right-side heart failure. D No dueta! 
arch could be imaged. Arrangements 
were made for delivery at the UCSD 
Medical Center. 5 
At birth the 2,870-g female in- 
fant initially required intubation be~; 
cause of respiratory stridor and 
right upper lobe collapse. Her initial 
pH was 7.36, PCO; was 42 mm Hg 
and PO; was 144 mm Hg in 96%. 
oxygen. During the neonatal hospi- 
talization, the diagnosis was con- 
firmed angiographically. The infant. 
was subsequently extubated and dis- 
charged to await surgery in the event 
of a recurrence of respiratory dis- 
tress and cyanosis. i 
From the present report, it-ap- 
pears that tetralogy of Fallot with ab- 
sent pulmonary valve can be diag+ 
nosed in utero. On purely morpho- 
logic grounds, this diagnosis can be: 
based on the following findings: ab- 
sence of the pulmonary valve, aortic 
override, markedly dilated pulmo- 
nary arteries, dilated right ventricle 
and absence of the ductus arteriosus. 
The Doppler flow analysis in both 
cases was useful not only in confirm-' 
ing hemodynamic features suspected 
from the morphologic study,> but 
also in demonstrating circulatory 
phenomena specific to fetal life. The 
turbulent flow and the to-and-fro- 
pattern recorded in the pulmonary 
artery is characteristic. The relative- 
ly low velocity of this forward flow is: 
most likely related to the high resis: 
tance known to be present in the. 
arteries of the fetal lungs. In diastole, 
the hemodynamics are quite differ- 





















FIGURE 3. Right ventriculogram 
shows narrowing at the site of the 
pulmonary anulus, and aneurysmal 
dilation of the enlarged right 
and en peony arteries. 





jately afer systole, blood 


toward the heart at 
city by the elasticity of the 
pu onary arteries separated by the 
rictive anulus from the right ven- 
icke . The role of “decompression” 
‘the right-sided circulation, nor- 
played by the fetal ductus 
osus is, in the present case re- 
ports, played by the unrestrictive 
ventricular septal defect. The Dopp- 
ler records demonstrate that the ven- 
icular defect in both fetuses was un- 
rictive, with low velocity right-to- 
t flow being recorded between the 
entricles in systole and diastole. 
ur experience with isolated large 
tricular septal defect in the fetus 
as usually shown low velocity, left 
ntricle-to-right ventricle and bi- 
ectional flow.’ 
e prenatal diagnosis of this 
ndition is important. Immediate 
ratory support may be required, 
nd cyanosis may be unresponsive to 
sual ductal manipulations using 
ystaglandin E, because there is no 
luctus. 
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FIGURE 4. Continuous-wave (CW) Doppler and color flow map show aneurysmal 
pulmonary artery at an estimated gestational age of 26 weeks in case 2, with to- 


and-fro flow pattern on the spectral trace. 
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imary Aortic Sarcoma Mimicking Aortic 


David S. Borislow, MD, Walter L. Floyd, MD, and David C. Sane, MD 


Dicis aortic aneurysms are 
‘often fatal and must be treated 
early for a favorable outcome. Symp- 
s and signs that suggest the diag- 

of acute dissection include chest 
pain, pulmonary edema, extremity 
ischemia, syncope, stroke, paraple- 
ia, renal failure and sudden death.' 
‘Conditions in which some of these 
ndings also occur include myocardi- 
al infarction, pancreatitis, cholelithi- 
, renal colic, mesenteric ischemia 

nd embolic or hemorrhagic strokes. 





m the Department of Medicine, Duke Uni- 
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Recognition of these conditions is im- 
portant, as they each require a differ- 
ent management approach. We re- 
port a case of a primary aortic tumor 
masquerading as an aortic dissection. 

A 75-year-old white man was 
transferred in February 1984 with 
refractory congestive heart failure. 
One month before admission, he not- 
ed progressive dyspnea. He present- 
ed to a local hospital 3 weeks before 
transfer with acute pulmonary ede- 
ma and had a cardiopulmonary ar- 
rest but was resuscitated. Cardiac 
isoenzymes after the arrest were 
mildly elevated, although no defini- 
tive electrocardiographic changes 


were noted. On transfer the blood 
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pressure was 226/90 mm Hg in bot. 
arms, the pulse was 105 beats/min, > 
and the respiratory rate was 20. 
breaths/min. The carotid and upper 
extremity pulses were bounding; the 
femoral and dorsalis pedis pulses 
were diminished while the posterior 
tibial pulses were absent. A grade 2/ 
6 apical holosystolic murmur and 
and S4 gallops were audible. Ra 
were present to the midscapular re- 
gion bilaterally. : 
The chest x-ray showed cardio- 
megaly, bilateral pleural effusions — 
and interstitial pulmonary edema. 
The descending aorta was calcified, 
but was otherwise unremarkable. 
The electrocardiogram showed sinus 


tachycardia, left ventricular hyper- 


trophy with strain and left atrial en- 
largement.. An echocardiogra: 

demonstrated mitral insufficiency. 
The patient was given intravenous 


furosemide with some diuresis and 











the chest radiograph showed persis- 
tent pulmonary edema. Swan-Ganz 
catheterization revealed a pulmo- 
nary artery diastolic pressure of 23 
. mm Hg, pulmonary artery wedge 
pressure of 23 mm Hg, V waves of 20 
< to 25 mm Hg, a cardiac index of 2.9 
_litersfmin, and a systemic vascular 
resistance of 1,200 Woods units. The 
left ventricular ejection fraction was 
38% with severe hypokinesis of the 
posterolateral and inferoapical 
walls by multigated acquisition 
scan. He was treated with sodium 
nitroprusside at 4.3 yg/kg/min for 
afterload reduction without im- 
provement. Two days after admis- 
sion the patient developed progres- 
sive azotemia and metabolic acido- 
sis. A renal ultrasound disclosed 
normal kidneys and an abdominal 
aortic aneurysm 5.7 cm long and 3.5 
cm in diameter, originating below 
the superior mesenteric artery, with 
no evidence of dissection. Dopamine 
at 1.5 yg/kg/min was infused to im- 
prove renal blood flow but the creat- 
inine rose to 6.2 mg/dl. Cardiac 
catheterization was deferred due to 
the renal status. On the third hospi- 
tal day, the patient developed lower 
extremity paraplegia, loss of ankle 
and knee jerks, and a bilateral loss 
of sensation at T;z, consistent with 
spinal cord infarction. The femoral 
pulses were now absent and the lower 
extremities became cool; the upper 























The histologic patterns vary from an- 


- extremities remained warm and had 


bounding pulses. The patient devel- 
oped abdominal distension and pain. 
A diastolic pericardial friction rub 
was heard. On the sixth hospital 
day, the patient died. 

The principal finding at autopsy 
was a large fungating intravascular 
mass projecting from the wall of the 
descending aorta and almost com- 
pletely occluding its lumen (Figure 
1). The mass tightly occluded the 
lumen at a point 3.5 cm distal to the 
arch of the aorta for a length of 2cm 
and partially occluded the lumen 2 
to 3 cm proximally and distally. Mi- 
croscopically, the tumor mass was 
largely necrotic, consisting of tumor 
cell ghosts, circumferentially sur- 
rounded by viable tumor cells and 
acute inflammatory reaction. The 
tumor cells had large hyperchroma- 
tic nuclei with prominent nucleoli 
and occasional binucleate forms. 
The tumor did not extend beyond the 
vessel wall. It was classified as an 
undifferentiated sarcoma. An exten- 
sive search of other organs revealed 
no occult primary tumor, and there- 
fore the aorta was considered the site 
of origin. The kidneys had severe 
arteriolonephrosclerosis and several 
wedge-shaped infarcts. At the apex 
of one of these infarcts in the left 
kidney was an artery containing an 
embolus of tumor cells. No tumor 
cells were seen extravascularly. 

The heart weighed 520 g. There 
was a marked fibrinous pericarditis. 
The left anterior descending coro- 
nary artery had a 75% luminal nar- 
rowing 3 cm from its origin; the re- 
mainder of the coronary arteries had 
insignificant narrowings. An area of 
necrosis was present in the posterior 
wall. There was an atherosclerotic 
abdominal aortic aneurysm extend- 
ing from below the renal arteries to 
the iliac bifurcation, but no dissec- 
tion. Several segmental arteries 
from the aorta were partially oc- 
cluded by atherosclerotic plaque. 

Primary tumors of the aorta are 
rare; a review yielded only 29 
cases.2-8 The majority have been de- 
scribed as intraluminal or intimal, 
while the remainder have been char- 
acterized as mural or adventitial. 


aplastic undifferentiated round cells 
to whorled patterns of spindle cells. 
There is an equally wide array of his- 
tologic diagnoses with no clear con- 
sensus on terminology. Including the 
present case the tumors were catego- 
rized as follows: 2 fibrosarcomas, 3 
fibromyosarcomas, 1 fibroxantho- 
sarcoma, 3 leiomyo-sarcomas, 
medullary sarcoma, 1 spindle cell 
sarcoma, 2 giant cell sarcomas, 4 an- 
giosarcomas, 4 undifferentiated. 
comas, 4 histiocytomas, 2 endothelio- 
mas, 1 myxoma and 2 fibromyxo- 
mas. Although they have been found 
anywhere from the ascending arch to 
the bifurcation, there has been a 
slight preponderance of the abdomi- 
nal aorta over the thoracic segment. 
The most common presentations 
of primary aortic tumors have in- 
cluded pain, hypertension, decreased. 
femoral pulses, fever, claudication, 
systolic murmurs and metastatic le- 
sions. Approximately 33% of ‘these 
lesions have caused some clinically 
apparent vascular obstruction, rang- 
ing from upper body edema to ex- 
tremity or bowel ischemia to florid 
congestive heart failure. Several tu- 
mors were associated with Dacron 
prostheses.’ Because of their varying 
presentations and overall rarity, a= 
curate preoperative or antemortem 
diagnosis is rarely accomplished... + 
Our patient presented with fulmi- 
nant congestive heart failure, sus- 
tained a myocardial infarction and 
developed mitral regurgitation. With 
the subsequent development of oligu- 
ria, paraplegia, loss of femoral 
pulses, abdominal distension and 
pain and pericardial friction rub, the 
clinical picture appeared consistent 
with aortic dissection. Isolated clini- 
cal findings of an aortic dissection, 
such as blood pressure differential in 
the upper versus lower extremities 
chest pain or bowel ischemia h 
been observed in several previous 
cases. In our case, however, the entire. 
clinical picture supported the diaa 
sis of aortic dissection. 
In retrospect, the symptoms an 
signs were caused by obstruction to 
cardiac outflow, resulting ‘in 
creased cardiac workload, nee 








































































































ee to the see failure. So- 
roprusside, administered to 


soba was felt to be poor chances 
successful surgical intervention. 
-resonance imaging may 
en helpful, but was not avail- 


able at that time in our institution 


There have been attempts to treat 
several of these tumors with primary 
resection, radiotherapy and chemo- 
therapy. Surgical extirpation may be 
essential to correct vascular compli- 
cations caused by compromise of ar- 
terial flow, but distant metastases, 
which occur in over 50% of cases, 
may lead to disease progression. 

Thus, although very rare, aortic 
tumors should be considered in the 
differential diagnosis of aortic dissec- 
tion, especially if there are unusual 
features, unexplained metastases, or 
if the symptoms occur in the setting 
of a Dacron graft. 


(Baltimore) 1958:37-217-279. : 
2. Fehrenbacher JW, Bowers W, Strate R. Piman 5 


J. Angiosarcoma of the aorta associated with a: 
cron graft. Ann Thorac Surg 1981;32: 2972301. 
3. Chen KTK. Primary fibrous histiocytoma of | e 
aorta. Cancer 1981;48:840-844. 

4. Milili JJ, LaFlare RG, Nemir P Jr. Leiomy 

coma of the abdominal aorta: a case report, 
1981,;89-631-634: : 

5. Mason MS, Wheeler JR, Gregory RT, Gayle Ri 
Primary tumors of the aorta: report of 

review of the literature. Oncology 1982,39:167 

6. Hermanek P Jr; Gentsch HH, Scheele J 
nant tumors of the large vessels: two case reports. 
Chirurg 1985;56:1 20-122. 

7. Wright EP, Glick AD, Virmani R, Page DL. 

tic intimal sarcoma with embolic metastases, Ar 
Surg Pathol 1985;9:890-897. 

8. Haber LM; Truong L. Immunohistochemica 
demonstration of the endothelial nature of aortic inti 
mal sarcoma. Am J Surg Pathol 1988;12:798-802. 





| ~ Atherosclerotic Risk Factors— . 
Are There Ten or Is There Only One? 


Cholesterol Education Program on Detection, Eval- 

uation and Treatment of High Blood Cholesterol in 
Adults, the expert panel listed 10 risk factors, hereafter 
termed “atherosclerotic risk factors,” which were predic- 
tive of coronary arterial atherosclerotic events.! The 10 
atherosclerotic risk factors were the following: 

1. Serum (or plasma) total cholesterol >200 mg/dl 
(>5.2 mmol/liter) and low density lipoprotein (LDL)- 
cholesterol >130 mg/dl (>3.4 mmollfliter). 

2. Definite clinical evidence of coronary artery dis- 
ease (either myocardial infarction or ischemia [angina 
pectoris]). 

3. Male sex. 

4. History of either myocardial infarction or sud- 
den death before 55 years of age in a parent or sibling. 
5. Cigarette smoking (>10 cigarettes a day). 

6. Systemic hypertension (undefined). 

7. High density lipoprotein (HDL)-cholesterol <35 
mg/dl. 

8. Diabetes mellitus. 

9. Cerebrovascular or peripheral vascular disease 
(by history}. 

10. Severe obesity (>30% overweight). 

This piece examines each of these 10 risk factors to 
ask if each is an independent atherosclerotic risk factor or 
if it is not. 

Serum (or plasma) total cholesterol or low density lipo- 
protein-cholesterol level: In my view, the only absolute, 
unequivocal, independent atherosclerotic risk factor is an 
elevated serum total or LDL-cholesterol level. What con- 
stitutes an elevated level is debatable. If an elevated level 

-is that minimal level above which atherosclerotic events 
occur, then that level in my view would be 150 mg/dl (3.9 
mmol/liter). If it is the level where the risk of atheroscle- 

~rotic events is substantially increased compared to lower 
levels, then that level would be 200 mg/dl. Irrespective of 

_ which level is chosen, the higher the level the greater the 
-risk of an atherosclerotic event. From study of >350,000 
men, Stamler et al? have clearly demonstrated that the 
higher the serum total cholesterol level, the greater the 

-risk of an atherosclerotic event. The Framingham study, 
“involving approximately 5,000 residents of that Massa- 
< Chusetts community, also has shown that the higher the 

- total and LDL-cholesterol levels and the lower the HDL- 
_ cholesterol level, the greater the risk of having an athero- 
erotic event.> International epidemiologic studies also 

ve shown that populations having serum total choles- 
levels <150 mg/dl for decades have a virtual ab- 
atherosclerotic events. 4 A certain critical serum 
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approximately 150 mg/dl. As the 
level increases above this value, the 
risk of an atherosclerotic event in- 
creases roughly proportional to the 
level. Thus, the only absolute pre- 
requisite for a fatal or nonfatal 
atherosclerotic event is a serum to- 
tal cholesterol level >150 mg/dl. 
Male sex: Fatal and nonfatal 
atherosclerotic events are more 
common in men than women by a 
ratio of 2:1.5 At least half of the 
atherosclerotic events in men occur before their sixtieth 
birthday, whereas atherosclerotic events in women are 
relatively infrequent before their sixtieth year.’ After age 
70, atherosclerotic events in women are as frequent as in 
men, but by age 70, over 75% of men destined to have a 
fatal atherosclerotic event have already had it. The aver- 
age age of death in men in the USA from atherosclerotic 
coronary artery disease is 60, whereas the average ag of 
women is 68.5 Men have higher total and LDL serum 
cholesterol levels earlier in life than do women, but later 
in life women have higher levels than do men. 6 Neither 
men nor women, however, have atherosclerotic events 
unless the total cholesterol level is >150 mg/dl, and the 
higher the level the greater the chance of an event and the 
earlier the event occurs irrespective of sex. Thus, it is the 
person’ s blood cholesterol level, not the sex, that deter- 
mines whether an atherosclerotic event occurs. Male sex, 
in my view, cannot be viewed as an independent ath 
sclerotic risk factor. 
Family history: When atherosclerotic events occur in 
persons <55 years of age, it generally means (1) that the 
affected individuals have serum total cholesterol levels 
considerably higher than persons of similar age and'sex. 
without atherosclerotic events, and (2) that the affected 
individuals have total cholesterol levels much higher than 
those found in older individuals with atheroscleroti 
events. In persons with untreated familial hypercholeste: 
olemia of the heterozygous type, the serum total che 
terol level is usually 300 to 400 mg/dl, and these indivi 
uals usually have atherosclerotic events when they are 3 
to 55 years of age. In untreated individuals with fami 
hypercholesterolemia of the homozygous variety, the 
rum total cholesterol is usually >800 mg/dl and thes 
individuals usually have atherosclerotic events: bef 
they are 20 years of age. Thus, individuals having atherc 
sclerotic events before age 55 generally have higher tota 
cholesterol levels than do individuals n ing ather chi 


lesterol levels and it is the cholesterol level, not the 
age or the presence of atherosclerotic events in 
imily members, that is the villain. 
igarette smoking: Although it is incompatible with 
health, cigarette smoking, in my view, does not, in 
| of itself, produce atherosclerotic plaques. In popula- 
S where serum total cholesterol levels are <150 mg/ 
herosclerotic events are rare even when cigarette 
moking is widespread. In Japan, cigarette smoking is 
on, but atherosclerotic events are relatively uncom- 
non. The average serum total cholesterol in adults in 
apan is about 160 mg/dl, not a level associated with a 
igh frequency of atherosclerotic events. Many Japanese 
ave serum total cholesterol levels <150 mg/dl. In 
lations where the average serum total cholesterol in 
>200 mg/dl—such as the USA—smoking ciga- 
appears to accelerate atherosclerosis. In the USA, 
» of the population >40 years of age have serum 
cholesterol <150 mg/dl.° Therefore, in 95% of the 
population, cigarette smoking does appear to be 
iated with an increased frequency of atherosclerotic 
s. but this acceleration appears to be a cholesterol- 
pendent phenomenon. Thus, cigarette smoking is not 
pendent atherosclerotic risk factor. 
emic hypertension: In nonhuman experimental 
nimals given atherogenic diets (high fat-high cholester- 
, those previously made hypertensive develop more 
th ‘osclerotic plaques than do the normotensive ani- 
s7 Hypertensive persons with total and LDL-choles- 
l levels similar to those in normotensive persons have 
igher frequency of atherosclerotic events compared to 
ive subjects.” These 2 facts have supported the 
hat systemic hypertension is an atherosclerot- 
k factor. Most studies describing benefits of anti- 
ive therapy have not demonstrated a reduction 
ronary or peripheral atherosclerotic events by such 
rapy. There is no evidence that systemic hypertension 
ecélerates atherosclerosis if the serum total cholesterol 
is <150 mg/dl. 
In the late 1960s I spent a week in Kampala, Uganda, 
re | examined several hundred hearts. Many of them 
severely hypertrophied without ventricular cavity 
latation or associated valvular disease. I learned that 
mic hypertension was by far the most common car- 
vascular condition in adults in Uganda. Yet, examina- 
of hundreds of coronary arteries in these hypertro- 
ied adult hearts disclosed virtually no atherosclerotic 
laques. I also learned that most adults in Kampala at the 
e had serum total cholesterol levels ranging from 90 to 
40 mg/dl. Thus, despite the high frequency of systemic 
ypertension, there was a low frequency of atherosclero- 
is. It appears that systemic hypertension also is a choles- 
srol-dependent risk factor in that the serum total choles- 
ust be >150 mg/dl before hypertension has the 
lity to accelerate atherosclerosis and, therefore, hyper- 
not-an-independent atherosclerotic risk factor. 
ersons with serum total cholesterol levels >150 


spment of atherosclerotic plaques in 


ary arteries. Whether these plaques 


develop in the extrapulmonary pulmonary arteries in p 
tients with severe chronic elevation of pulmonary arteria 


pressures associated with low serum total cholesterol lev- 


els is unclear to me. 


Although the evidence is lacking, in my view, impli- - 


cating systemic hypertension as a direct atherosclerotic. 
risk factor, it clearly is the major risk factor for develop- 


ment of stroke and aortic dissection.” These 2 lesions are- 


not atherosclerotic dependent. The prime effect of hyper- 
tension is on the media of arteries causing this arterial 
layer to tear, dissect or rupture. Atherosclerosis is an 
intimal process and only indirectly is the media affected. 
Diabetes mellitus: Juvenile diabetic patients clearly 
have more atherosclerotic plaques and a higher frequency 
of atherosclerotic events than do nondiabetics of similar 
age and sex.’ But the juvenile diabetics have higher serum 
total and LDL-cholesterol levels than do their nondiabet- 
ic counterparts. Likewise, adult-onset diabetics have 
more atherosclerosis and a higher frequency of athero- 
sclerotic events than do nondiabetics of similar age and 
sex. Moreover, the adult-onset diabetics have higher se- 
rum total and LDL-cholesterol levels than do their nondi- 
abetic counterparts. Thus, diabetes mellitus appears to be 
an atherosclerotic risk factor because these individuals 
have higher total and LDL-cholesterol levels than do 
their nondiabetic counterparts. There is no evidence that 
diabetics who have serum total cholesterol levels <150 
mg/d! have an increased frequency of atherosclerotic 
events compared to nondiabetic counterparts with similar 
cholesterol levels. Indeed, there is no evidence that diabet- 
ics with low serum total cholesterol levels have atheroscle- 
rosis of any significance. Thus, diabetes mellitus also 
appears to be a cholesterol-dependent risk factor. 
Severe obesity: In general, obese persons have higher 
total and LDL-cholesterol levels than do nonobese per- 
sons of similar age and sex. This fact is, of course, not 
surprising because obese persons eat more fat than do 
nonobese persons. Usually about a third of the fat eaten is 
of the saturated variety and most of the saturated fat once 
absorbed is converted into cholesterol. Although few. exist. 
to study, I am not aware that obese adults with serum 


total cholesterol levels <150 mg/dl have any risk tode- 


velopment of atherosclerotic events. Thus, obesity is a 
cholesterol-dependent risk factor, not an independent risk 
factor. oe 
Low levels of serum high density lipoprotein-cholester- 
ol: In adults in the USA the mean plasma HDL level in” 
men is 45 mg/dl and in women it is 55 mg/dl.® Data, 
especially from Framingham, Massachusetts, -have 
shown that high levels of HDL are associated with de-. 


creased risk and that low levels, with increased risk of 


atherosclerotic events.?” Although there are some doubt- 
ers about the beneficial effects of high HDL levels and 
the harmful effects of low HDL levels, the evidence is 
convincing, in my view, that high HDL is good and low | 
HDL is bad. But what is the risk of a serum HDL level of 
20 mg/dl if the LDL-cholesterol is only 100 mg/dl and 
the serum total cholesterol is <150 mg/dl? The answer is 
no risk. Is an HDL of 100. me/ di protective when the 


: LDLi is 200 mg j dl? The answer is no. Whether the HDL- 





holesterol is nine pendent risk factor, i Le; independent 


-cholesterol level, is, in my view, not yet clear. 
- I believe it best to view a low HDL-cholesterol as an 
additive atherosclerotic risk factor if the LDL-cholesterol 
is elevated, but not as an additive atherosclerotic risk 
factor if the LDL-cholesterol is low. Whichever is proper, 
- the HDL-cholesterol is a type of cholesterol, and, there- 
fore, consistent with the thesis that the blood cholesterol 
is the only direct atherosclerotic risk factor. 

Definite clinical evidence of coronary artery disease: 
An atherosclerotic risk factor is a predictor of an athero- 
sclerotic event, not necessarily in a single individual, but 
certainly in groups of individuals. Therefore, if an athero- 
sclerotic risk factor is a predictor of an atherosclerotic 
event, how can the atherosclerotic event itself be an ath- 
erosclerotic risk factor? On the other hand, the presence 
of one atherosclerotic event is highly predictive of another 
atherosclerotic event. The person most prone to an ath- 
erosclerotic event is the person who has already had an 

: atherosclerotic event. I believe it inappropriate, however, 
to include an atherosclerotic event as an atherosclerotic 
risk factor. By doing so, no distinction is made between 
primary and secondary prevention. 

History of peripheral or cerebrovascular disease: Most 
peripheral vascular events are atherosclerotic events and 
many cerebrovascular events are atherosclerotic events. 
Therefore, the same aforementioned argument concern- 
ing a definite coronary event is applicable here. An ath- 
erosclerotic event is best not considered to be synonymous 
with an atherosclerotic risk factor (predictor). 

In summary, in my view there are not 10 atheroscle- 
rotic risk factors, there is only 1—and that is an elevated 
(>150 mg/dl) serum total cholesterol level and specifi- 
cally an elevated serum LDL-cholesterol level. A low 
(<35 mg/dl) HDL-cholesterol level in the presence of 
an elevated LDL-cholesterol level probably should be 
viewed as an additive atherosclerotic risk factor. Male 
sex, family history of coronary events before age 55 ina 

parent or sibling, cigarette smoking, systemic hyperten- 
sion, diabetes mellitus, and severe obesity are best viewed 

‘as cholesterol-dependent atherosclerotic risk factors and 
not in themselves atherogenic in the absence of a serum 


total cholesterol level >150 mg/dl. Atherosclerotic 
events (coronary, cerebrovascular and peripheral), al 
though predictive of future atherosclerotic events, are n 
by definition true atherosclerotic risk factors and tt 
should not be viewed as such. Nevertheless, all of he 
aforementioned cholesterol-dependent at ‘0 
risk factors take effect when the serum total chole 
level is >150 mg/dl, and because 95% of American 
years of age have total cholesterol levels >150. 

these indirect risk factors need to be dealt with and | 

aged accordingly. 


MW Rec. CL 
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CONDITION: DELICATE 
THERAPEUTIC RANGE: SENSITIVE 


Y@UR HAND H@®LDS THE FATE 
OF THEIR HEARTS 


The most commonly seen side effects of disopyramide 
phosphate are anticholinergic, and the most severe 
are due to its negative inotropic properties. 
Please see next page for a brief summary of 
the complete prescribing information. 
1989, Q.D. Searle & Co. S89-J7420T 


100-mg and 150-mg CAPSULES 


First-line for long-term therapy 


When you select Norpace or Norpace CK 

for your arrhythmia patients, make sure 
to specify Dispense as Written (DAW) or 
Do Not Substitute on your prescriptions. 








Norpace® Capsules 
(disopyramide phosphate) 


Norpace® CR Capsules 
(disopyramide phosphate 
extended-release) 


Brief Summary 


Before prescribing, please consult current complete prescribing information, a summary of which 
follows: Indications: For suppression and prevention of recurrence of the following cardiac 
arrhythmias: unifocal premature (ectopic) ventricular contractions; premature (ectopic) ventricular 
contractions of multifocal origin; paired premature ventricular contractions (couplets); and 
episodes of ventricular tachycardia (persistent ventricular tachycardia is ordinarily treated with 
DC-cardioversion). Norpace is equally effective in both digitalized and nondigitalized patients. It is 
also equally effective in treating primary cardiac arrhythmias and those which occur in association 
with organic heart disease including coronary artery disease. Norpace CR should not be used 
initially if rapid establishment of disopyramide plasma levels is desired. Oral disopyramide 
phosphate has not been adequately studied in patients with acute myocardial infarction or with 
persistent ventricular tachycardia or atrial arrhythmias and is not indicated for arrhythmias due to 
digitalis intoxication. The value of antiarrhythmic drugs in preventing sudden death in patients 
with serious ventricular ectopic activity has not been established. Contraindications: Cardiogenic 
shock, preexisting second- or third-degree AV block (if no pacemaker is present), congenital Q-T 
prolongation, or known hypersensitivity to the drug. Warnings: Norpace or Norpace CR may 
Cause or worsen congestive heart failure (CHF) or produce severe hypotension as a 
consequence of its negative inotropic properties. Hypotension has been observed primar- 
ily with primary cardiomyopathy or inadequately compensated CHF. Norpace or Norpace 
CR should not be used in patients with uncompensated or marginally compensated CHF 
or hypotension unless the condition is secondary to cardiac arrhythmia. Patients with a 
history of heart failure may be treated with Norpace or Norpace CR, but careful attention 
must be given to maintaining cardiac function, — optimal digitalization. If hypo- 
tension occurs or CHF worsens, Norpace or Norpace CR should be discontinued and, if 
necessary, restarted at a lower dosage only after adequate cardiac compensation has 
been established. Norpace or Norpace CR should be discontinued if significant widening 
(greater than 25%) of the QRS complex occurs. Prolongation of the Q-T interval 
(corrected) and worsening of the arrhythmia may occur. Patients who have evidenced 
Le ese of the Q-T interval in response to quinidine may be at particular risk. In 
eneral, Type 1A antiarrhythmic drugs have been associated with torsade de pointes. If 
-T prolongation greater than 25% is observed and if ectopy continues, the patients 
should be monitored closely, and discontinuation of Norpace or Norpace CR considered. 
In rare instances significant hypoglycemia has been reported during Norpace therapy. 
The concomitant use of Norpace or Norpace CR with other Type 1 antiarrhythmic agents 
and/or propranolol should be reserved for patients with life-threat arrhythmias who 
are demonstrably unresponsive to single agent antiarrhythmic therapy. Such use may 
produce serious negative inotropic effects, or may excessively prolong conduction. 
Patients receiving more than one antiarrhythmic drug must be carefully monitored. If 
first-degree heart block develops, the dosage of Norpace or Norpace CR should be 
reduced. If the block persists, continuation of Norpace or Norpace CR must depend upon 
an assessment of benefit versus risk. Davelopment of second- or third-degree AV block 
or uni-, bi-, or trifascicular block requires discontinuation of drug unless the ventricular 
rate is adequately controlled by a pacemaker. Because of its anticholinergic activity, 
disopyramide phosphate should not be used in patients with glaucoma, myasthenia 
gravis or urinary retention, unless adequate overriding measures are taken. In patients 
with a family history of glaucoma, intraocular pressure should be measured before 
initiating Norpace or Norpace CR therapy. Precautions: Patients with atrial flutter or 
fibrillation should be digitalized prior to Norpace or Norpace CR administration to ensure that drug- 
induced enhancement of AV conduction does not allow a ventricular rate beyond physiologically 
acceptable limits. The effect of Norpace or Norpace CR is presently uncertain in patients with sick 
sinus syndrome, Wolff-Parkinson-White syndrome, or bundle branch block. Patients with myo- 
carditis or other cardiomyopathy may develop significant hypotension in response to the usual 
dosage of disopyramide phosphate. Therefore, a loading dose of Norpace should not be given to 
such patients, and initial dosage and subsequent dosage adjustments should be made under close 
supervision. Norpace dosage should be reduced in patients with impaired renal or hepatic function 
and the electrocardiogram carefully monitored for signs of overdosage. Norpace CR is not 
recommended for patients with severe renal insufficiency. Antiarrhythmic drugs may be ineffective 
in patients with hypokalemia, and their toxic effects may be enhanced in patients with 
hyperkalemia. Therefore, potassium abnormalities should be corrected before starting Norpace or 
Norpace CR therapy. Concomitant administration of disopyramide phosphate with phenytoin or 
other hepatic enzyme inducers may cause lower disopyramide plasma levels. Concomitant 
administration with other antiarrhythmics may cause excessive widening of the ORS complex and/ 
or prolongation of the Q-T interval. Concomitant administration with quinidine resulted in slight 
increases in disopyramide levels and slight decreases in quinidine levels. Pregnancy Category C, 
Norpace was associated with decreased numbers of implantation sites and decreased growth and 
survival of pups when administered to pregnant rats at 250 mg/kg/day, a level at which weight 
gain and food consumption of dams were also reduced. Increased resorption rates were reported 
in rabbits at 60 mg/kg/day. Safe use in pregnancy has not been established. Disopyramide has 
been found in human fetal blood. Norpace has been reported to stimulate contractions of 
the pregnant uterus. Use of Norpace or Norpace CR in pregnant women requires that the 
potential benefit be weighed against possible hazards to the fetus. Effects of Norpace or Norpace 
CR on the fetus during delivery or on the course of labor and delivery are unknown. Following oral 
administration, disopyramide has been found in human milk at a concentration not exceeding that 
in plasma. Because of the potential for serious adverse reactions in nursing infants from Norpace 
or Norpace CR, a decision should be made whether to discontinue nursing or discontinue the drug, 
taking into account the importance of the drug to the mother. Adverse Reactions: Dry mouth, 
urinary hesitancy, constipation, blurred vision, dry nose/eyes/throat, urinary retention especially 
in males with benign prostatic hypertrophy, urinary frequency and urgency, impotence, nausea, 
pain/bloating/gas, anorexia, diarrhea, vomiting, nervousness, dizziness, general fatigue/muscle 
weakness, headache, malaise, aches/pains, hypotension, congestive heart failure, cardiac conduc- 
tion disturbances, edema/weight gain, shortness of breath, syncope, chest pain, generalized rash/ 
dermatoses, itching, hypokalemia, elevated cholesterol triglycerides, depression, insomnia, 
dysuria, numbness/tingling, elevated liver enzymes, AV block, elevated BUN, elevated creatinine, 
decreased hemoglobin/hematocrit, and hypoglycemia. Acute psychosis, cholestatic jaundice, and 
agranulocytosis, all three reversible, have been reported, as have fever, respiratory difficulty, 
thrombocytopenia, and gynecomastia. Some cases of lupus erythematosus (LE) symptoms have 
occurred mostly in patients switched from procainamide to disopyramide following the develop- 
ment of LE symptoms. Dosage and Administration: Dosage must be individualized on the basis 
of response and tolerance. The usual adult dosage is 400 to 800 mg/day given in divided doses: 
qh for Norpace and q12h for Norpace CR. See current complete prescribing information for 


dosage recommendations. 5/9/89 + P89-J7438V 
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Lopressor 
metoprolol tartrate USP 
Tablets 


Anguis 
Profilied Syringes 


BRIEF SUMMARY (FOR FULL PRESCRIBING 
INFORMATION, SEE PACKAGE INSERT) 


INDICATIONS AND USAGE 

Hypertension 

Lopressor tablets are indicated for the treatment of hyperten- 
sion. They may be used alone or in combination with other 
antihypertensive agents. 

Angina Pectoris 

Lopressor is indicated in the long-term treatment of angina 
pectoris. 

Myocardial infarction 

Lopressor ampuis, prefilled syringes, and tablets are indicated 
in the treatment of hemodynamically stable patients with defi- 
nite or suspected acute myocardial infarction to reduce cardio- 
vascular mortality. Treatment with intravenous Lopressor can 
be initiated as soon as the patient's clinical condition allows 
(see DOSAGE AND ADMINISTRATION, CONTRAINDICATIONS, 
and WARNINGS) Alternatively, treatment can begin within 

3 to 10 days of the acute event (see DOSAGE AN 
ADMINISTRATION). 


CONTRAINDICATIONS 

Hypertension and Angina 

Lopressor is contraindicated in sinus bradycardia, heart block 
reater than first degree, cardiogenic shock, and overt cardiac 
failure (see WARNINGS). 

Myocardial Infarction 

Lopressor is contraindicated in patients with a heart rate 

< 45 beats/min; second- and third-degree heart block; signifi- 

cant first-degree heart block (P-R interval = 0.24 sec), systolic 

blood pressure < 100 mmHg; or moderate-to-severe cardiac 

failure (see WARNINGS). 


WARNINGS 

Hypertension and Angina 

Cardiac Failure: Sympathetic stimulation is a vital component 
supporting circulatory function in congestive heart failure, and 
beta blockade carries the potential hazard of further depressing 
myocardial contractility and precipitating more severe failure. 
in hypertensive and angina patients who have congestive heart 
failure controlled by digitalis and diuretics. Lopressor should 
be administered cautiously. Both digitalis and Lopressor slow 
AV conduction. 

In Patients Without a History of Cardiac Failure: Continued 
depression of the myocardium with beta-blocking agents over 
a period of time can, in some cases, lead to cardiac failure. At 
the first sign or symptom of impending cardiac failure, patients 
shouid be fully digitalized and/or given a diuretic. The response 
should be observed closely. if cardiac failure continues, de- 
oe adequate digitalization and diuretic therapy, Lopressor 
should be withdrawn. 


Ischemic Heart Disease: Following abrupt cessation of 
therapy with certain beta-blocking agents, exacerbations 
of angina pectoris and, in some cases. myocardial infarc- 
tion have occurred. When discontinuing chronically 
administered Lopressor, particularly in patients with isch- 
emic heart disease, the dosage should be gradually 
reduced over a period of 1-2 weeks and the patient shouid 
be carefully monitored. If angina markedly worsens or 
acute coronary insufficiency develops, Lopressor admin- 
istration should be reinstated promptly, at least tem- 
porarily, and other measures appropriate for the manage- 
ment of unstable angina should be taken. Patients should 
be warned against interruption or discontinuation of 
therapy without the physician's advice. Because coronary 


artery disease is common and may be unrecognized, it 
may be prudent not to discontinue Lopressor therapy 
abruptly even in patients treated only for hypertension. 


Bronchospastic Diseases: PATIENTS WITH BRONCHO- 
SPASTIC DISEASES SHOULD, IN GENERAL, NOT RECEIVE 
BETA BLOCKERS. Because of its relative beta, selectivity, 
however, Lopressor may be used with caution in patients with 
bronchospastic disease who do not respond to, or cannot 
tolerate, other antihypertensive treatment. Since beta, se- 
lectivity is not absolute, a beta,-stimulating agent should be 
administered concomitantly, and the lowest possible dose of 
Lopressor shouid be used. in these circumstances it would 
be prudent initially to administer Lopressor in smaller doses 
three times dally, instead of larger doses two times daily, to 
avoid the higher plasma levels associated with the longer 
dosing interval. (See DOSAGE AND ADMINISTRATION.) 

Major Surgery: The necessity or desirability of withdrawing 
beta-blocking therapy prior to major surgery is controversial: 
the impaired ability of the heart to respond to reflex adrenergic 
stimuli may augment the risks of general anesthesia and sur- 
gical procedures. 

Lopressor, like other beta blockers, is a competitive inhibitor 
of beta-receptor agonists, and its effects can be reversed by 
administration of such agents, e.g.. dobutamine or iso- 
proterenol. However, such patients may be subject to pro- 
tracted severe hypotension, Difficulty in restarting and main- 
taining the heart beat has also been reported with beta 
blockers. 

Diabetes and Hypoglycemia: Lopressor shouid be used 
with caution in diabetic patients if a beta-blocking agent is 
required. Beta blockers may mask tachycardia occurring with 
hypoglycemia, but other manifestations such as dizziness and 
sweating may not be significantly affected. 

Thyrotoxicosis: Beta-adrenergic blockade may mask certain 
clinical signs La tachycardia) of hyperthyroidism. Patients 
suspected of developing thyrotoxicosis should be managed 
carefully to avoid abrupt withdrawal of beta blockade, which 
might precipitate a thyroid storm. 

Myocardial infarction 

Cardiac Failure: Sympathetic stimulation is a vital component 
supporting circulatory function, and beta blockade carries the 
potential hazard of depressing myocardial contractility and pre- 
cipitating or exacerbating minimal cardiac failure. 











During treatment with Lopressor, the hemodynamic status 
of the patient should be carefully monitored. if heart failure 
occurs or persists despite appropriate treatment, Lopressor 
should be discontinued. 

Bradycardia: Lopressor produces a decrease in sinus heart 
rate in most patients: this decrease is greatest among patients 
with high initial heart rates and least among patients with low 
initial heart rates. Acute myocardial infarction (particularly in- 
ferior infarction) may in itself produce significant lowering of 
the sinus rate. If the sinus rate decreases to < 40 beats/min, 
particularly if associated with evidence of lowered cardiac out- 
put, atropine (0.25-0.5 mg) should be administered intra- 
venously. If treatment with atropine is not successtul, 
Lopressor should be discontinued, and cautious administration 
of isoproterenol or installation of a cardiac pacemaker should 
be considered. 

AV Biock: Lopressor siows AV conduction and may produce 
significant first- (P-R interval 0.26 sec), second-, or third- 
degree heart block. Acute myocardial infarction also produces 
heart block. 

if heart block occurs, Lopressor shouid be discontinued and 
atropine (0.25-0.5 mg) should be administered intravenously. 
H treatment with atropine is not successful, cautious adminis- 
tration of isoproterenol or installation of a cardiac pacemaker 
should be considered. 

Hypotension: if hypotension (systolic blood pressure 
< 90 mmHg) occurs, Lopressor should be discontinued. 
and the hemodynamic status of the patient and the extent of 
myocardial damage carefully assessed. Invasive monitoring 
of central venous. pulmonary capillary wedge. and arterial 
pressures may be required. Appropriate therapy with fluids, 
positive inotropic agents, balloon counterpulsation, or other 
treatment modalities should be instituted. If hypotension is 
associated with sinus bradycardia or AV block, treatment 
should be directed at reversing these (see above) 

Bronchospastic Diseases: PATIENTS WITH BRONCHO- 
SPASTIC DISEASES SHOULD, IN GENERAL, NOT RECEIVE 
BETA BLOCKERS. Because of its relative beta, selectivity, 
Lopressor may be used with extreme caution in patients 
with bronchospastic disease. Because it is unknown to what 
extent beta,-stimulating agents may exacerbate myocardial 
ischemia and the extent of infarction, these agents should 
not be used prophylactically. if bronchospasm not related to 
congestive heart failure occurs, Lopressor should be discon- 
tinued. A theophylline derivative or a beta, agonist may be 
administered cautiously, depending on the clinical condition 
of the patient. Both theophylline derivatives and beta, agon- 
ists may produce serious cardiac arrhythmias. 
PRECAUTIONS 
General 
Lopressor shouid be used with caution in patients with im- 
paired hepatic function. 
information for Patients 
Patients should be advised to take Lopressor regularly and 
continuously, as directed. with or immediately following meais 
if a dose should be missed. the patient should take only the 
next scheduled dose {without doubling it}. Patients shouid not 
discontinue Lopressor without consulting the physician. 

Patients should be advised (1) to avoid operating auto- 
mobiles and machinery or engaging in other tasks requiring 
alertness until the patient's response to therapy with Lopressor 
has been determined: {2} to contact the physician if any diffi- 
culty in breathing occurs: (3) to inform the physician or dentist 
before any type of surgery that he or she is taking Lopressor. 
Laboratory Tests 
Clinical laboratory findings may include elevated levels of 
serum transaminase. alkaline phosphatase, and lactate 
dehydrogenase. 

Orug Interactions 

Catecholamine-depieting drugs (e.9.. reserpine) may have an 
additive effect when given with beta-biocking agents. Patients 
treated with Lopressor plus a catecholamine depletor should 
therefore be closely observed for evidence of hypotension or 
marked bradycardia, which may produce vertigo, syncope. or 
postural hypotension 

Carcinogenesis, Mutagenesis, impairment of Fertility 
Long-term studies in animals have been conducted to evaluate 
carcinogenic potential. in 2-year studies in rats at three oral 
dosage levels of up to 800 mg/kg per day, there was no in- 
crease in the development of spontaneously occurring benign 
of malignant neoplasms of any type. The only histologic 
changes that appeared to be drug related were an increased 
incidence of generally mild focal accumulation of foamy mac- 
rophages in pulmonary alveoli and a slight increase in biliary 
hyperplasia. Neither finding represents symptoms of a known 
disease entity in man. In a 21-month study in Swiss albino mice 
at three oral dosage levels of up to 750 mg/kg per day, benign 
tung tumors (small adenomas) occurred more frequently in 
female mice receiving the highest dose than in untreated con- 
troi animals. There was no increase in malignant or total 
(benign plus malignant) lung tumors, nor in the overall inci- 
dence of tumors or malignant tumors. This 21-month study 
was repeated in CD-1 mice, and no statistically or biologically 
significant differences were observed between treated and con- 
trol mice of either sex for any type of tumor. 

Ali mutagenicity tests performed (a dominant lethal study in 
mice, chromosome studies in somatic cells, a Salmonelia/ 
mammalian-microsome mutagenicity test. and a nucleus 
anomaly test in somatic interphase nuclei) were negative 

No evidence of impaired fertility due to Lopressor was ob- 
served in a study performed in rats at doses up to 55.5 times 
the maximum daily human dose of 450 mg 
Pregnancy Category C 
Lopressor has been shown to increase postimplantation loss 
and decrease neonatal survival in rats at doses up to 55.5 times 
the maximum daily human dose of 450 mg. Distribution stud- 
ies in mice confirm exposure of the fetus when Lopressor is 
administered to the pregnant animal. These studies have 
revealed no evidence of impaired fertility or teratogenicity. 
There are no adequate and well-contraiied studies in pregnant 
women, Because animal reproduction studies are not always 
predictive of human response, this drug should be used during 
pregnancy only if clearly needed. 

Nursing Mothers 
Lopressor is excreted in breast milk in very small quantity. An 
infant consuming 1 liter of breast milk daily would receive a 





dose of less than 1 mg of the drug. Caution should be exercised 
when Lopressor is administered to a nursing woman, 
Pediatric Use 

Safety and effectiveness in children have not been established 


ADVERSE REACTIONS 
Hypertension and Angina 
Most adverse effects have been mild and transient. 

Central Nervous System: Tiredness and dizziness have 
occurred in about 10 of 100 patients. Depression has been 
reported in about 5 of 100 patients, Mental confusion and 
short-term memory loss have been reported. Headache, night- 
mares, and insomnia have also been reported. 

Cardiovascular: Shortness of breath and bradycardia have 
occurred in approximately 3 of 100 patients, Cold extremities; 
arterial insufticiency, usually of the Raynaud type; palpitations; 
congestive heart failure; peripheral edema; and hypotension 
have been reported in about 1 of 100 patients. a CON- 
TRAINDICATIONS, WARNINGS, and PRECAUTIONS.) 

Respiratory: Wheezing (bronchospasm) and dyspnea have’ 
been reported in about 1 of 100 patients (see WARNINGS). 

Gastrointestinal: Diarrhea has occurred in about 5 of 
100 patients. Nausea, dry mouth, gastric pain, constipation, 
flatulence, and heartburn have been reported in about 1 of 
100 patients. 

Hypersensitive Reactions: Pruritus or rash have occurred in 
about 5 of 100 patients. Worsening of psoriasis has also been 
reported 

Miscellaneous: Peyronie's disease has been reported in 
fewer than 1 of 100,000 patients. Musculoskeletal pain, blurred 
vision, and tinnitus have also been reported. 

There have been rare reports of reversible alopecia, 
agranulocytosis, and dry eyes. Discontinuation of the drug 
should be considered if any such reaction is not otherwise 
explicable. 

The oculomucocutaneous syndrome associated with the beta 
blocker practolo! has not been reported with Lopressor. 
Myocardial Infarction 
Central Nervous System: Tiredness has been reported in 
about 1 of 100 patients. Vertigo. sleep disturbances, hailucina- 
tions, headache, dizziness, visual disturbances. contusion, 
and reduced libido have also been reported, but a drug rela- 
tionship is not clear. 

Cardiovascular: in the randomized comparison of Lopressor 
and placebo described in the CLINICAL PHARMACOLOGY sec- 
tion, the following adverse reactions were reported: 


Lopressor Placebo 

Hypotension 27.4% 23.2% 
systolic BP < 90 mmHg) 

Bradycardia 15.9% 6.7% 
(heart rate < 40 beats/min) 

Second- or 4.7% 4.7% 
third-degree heart block 

First-degree 5.3% 1.9% 
heart biock (P-R = 0.26 sec} 

Heart failure 27.5% 29.6% 


Respiratory: Dyspnea of pulmonary origin has been re- 
ported in fewer than 1 of 100 patients. 

Gastrointestinal: Nausea and abdominal pain have been 
reported in fewer than 1 of 100 patients 

Dermatologic: Rash and worsened psoriasis have been 
reported, but a drug relationship is not clear. 

Miscellaneous: Unstable diabetes and claudication have 
been reported, but a drug relationship is not clear. 

Potential Adverse Reactions 

A variety of adverse reactions not listed above have been re- 

ported with other beta-adrenergic blocking agents and should 
e considered potential adverse reactions to Lopressor, 

Central Nervous System: Reversible mental depression pro- 
gressing to catatonia; an acute reversible syndrome character- 
ized by disorientation for time and place, short-term memory 
foss, emotional lability, slightly clouded sensorium, and de- 
creased performance on neuropsychometrics. 

Cardiovascular: intensification of AV block (see CONTRA- 
INDICATIONS). 

Hematologic: Agranulecytosis, nonthrombocytopenic pur- 
pura. thrombocytopenic urpura. 

Hypersensitive Reactions: Fever combined with aching and 
sore throat, laryngospasm, and respiratory distress, 
OVERDOSAGE 
Acute Toxicity 
Senta cases of overdosage have been reported. some leading 
to death. 

Oral LDso’s (mg/kg): mice, 1158-2460; rats. 3090-4670. 
Signs and ‘Symptoms 
Potential signs and symptoms associated with overdosage with 
Lopressor are bradycardia, hypotension, bronchospasm, and 
cardiac failure. 

Treatment 
There is no specific antidote 

In general, patients with acute or recent myocardial infarc- 
tion may be more hemodynamically unstable than other pa- 
tients and should be treated accordingly (see WARNINGS, Myo- 
cardial Infarction). 

On the basis of the pharmacologic actions of Lopressor, the 
following general measures should be employed: 

Elimination of the Drug: Gastric lavage should be 
performed. 

Bradycardia: Atropine shouid be administered. H there is no 
response to vagal blockade, isoproterenol should be adminis- 
tered cautiously 

Hypotension: A vasopressor should be administered, e.g.. 
levarterenol or dopamine. 

Bronchospasm: A betay-stimulating agent and/or a theo- 
pine derivative should be administered. 

ardiac Failure: A digitalis glycoside and diuretic should be 
administered. In shock resulting from inadequate cardiac con- 
tractility. administration of dobutamine, isoproterenol, or 
glucagon may be considered. 
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The following journal supplement mentions the intra-arterial use of nonionic contrast 
media. All nonionic iodinated contrast media currently available inhibit blood coagula- 
tion, in vitro, less than ionic contrast media. Clotting has been reported when blood 
remains in contact with syringes containing nonionic contrast media. Therefore, me- 
ticulous intravascular administration technique is necessary to minimize thromboem- 
bolic events. 
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tempting to stay abreast of imaging and 
gs treatment options for cardiac disease. The 
mplete cardiologist must also be expert in sociology, 
inances, decision theory, and creative compliance with 
ureaucratic data requests. One response is to become a 
peed reader, because technical reports are published at 
the rate of more than 30,000 articles per month. Another 
s to find an information source worth digesting slowly, 
such as this supplement, which contains the summary 
reports of experts in cardiac imaging presented at a 1989 
nposium on “Cardiovascular Diagnosis: Implications 
. for Imaging in the 1990s.” The speakers were chosen to 
elaborate on important areas in cardiac imaging and 
_ therapy and the summaries are presented here to provide 
-a concise overview of selected advances. 
-= There has not been a major improvement in the imag- 
-ing chain within the catheterization suite, but new con- 
trast agents are safer and more expensive. Their safety 
Jlows more to be done during a single diagnostic/inter- 
ntional procedure and allows for an aggressive ap- 
_ proach to sicker patients. This clearly interfaces with new 
therapeutic approaches to acute myocardial ischemia. 
‘Several experts report on issues related to contrast 
agents. Dawson discusses the cardiovascular effects of 
conventional ionic and more inert nonionic contrast me- 
dia. Mechanisms involved in these reactions include hy- 
_-perosmolality, molecular structure, ionic content, and de- 
~ tails of formulations, especially calcium chelation. 
-. Grabowski studied ionic and nonionic contrast media. 
< He describes platelet adhesion/aggregation to injured 
‘vascular endothelium in flowing blood using both types of 


G6 F uture Shock” is now for cardiologists at- 


Alderman elaborates on new developments in cardiac 
transplants. In particular, he describes transplant coro- 
nary artery disease and documents the importance of 
excellence in angiography in determining the presence of 
“this entity. © 
Porter explores contrast-associated nephropathy. He 
notes that the single most important risk factor for devel- 
_ oping contrast-associated nephropathy is renal insuffi- 
ciency; coexisting diabetes contributes to an increase in 
incidence. Nonionic, low osmolality contrast agents may 
be beneficial in patients at risk. 
Aspects of angioplasty are explored by 2 investigators. 
etrovec discusses evolving applications of the new tech- 
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nology and Tommaso focuses on the management of 
high-risk angioplasty. 

With regard to imaging techniques, echocardiogra- 
phy continues to evolve slowly but importantly, whereas 
other techniques (such as intravenous digital subtraction 
angiography), which were received with a fanfare of en- 
thusiasm, have found only limited use. 

Standard routine computed tomography is frustrated — 
by the dynamic nature and complexity of cardiac func- 
tion. Only a few cardiologists have had access to fast 
computer tomography; however, Marcus is enthusiastic 
about its capabilities, especially when used with x-ray 
dyes that do not alter contractile function. 

When clinically practical, many cardiac diseases and 
treatments could benefit from accurate assessment of < 
myocardial metabolism. Two experimental techniques, `.. 
positron emission tomography and magnetic resonance 
spectroscopy, have shown promise in clinical studies. 
Schelbert reviews cardiac applications based on the Uni- 
versity of California at Los Angeles positron emission 
studies, whereas Schaefer of the University of California 
at San Francisco does the same for magnetic resonance: 
spectroscopy. 

Wolf attempts to summarize the clinical potential of 
cardiac magnetic resonance imaging. This technology is 
more readily available than positron emission studies or 
magnetic resonance spectroscopy and can be used with- 
out a grant-funded multidisciplinary team of more than 
10 players. Like the girl with the “curl in the middle of 
her forehead,” the selected magnetic resonance images of 
the heart are very good indeed. The cost-effectiveness of 
routine applications in the usual clinical circumstances 
needs to be assessed. 

Further advances in interventional cardiology guided . 
by the lessons learned from newer therapeutic techniques 
and safer methods of imaging will. promote therapeutic: 
advances rapidly. S 

A final problem concerns our inability to recommend: 
the ideal algorithm for every cardiac indication. Each 
change in technology for one or more of the imaging or 
therapeutic options alters the selection, but not as quickly 
or easily as a budget is recalculated using modern com- 
puter spread sheets. Comparative studies of mature tech- <0 
nology are sadly lacking—indeed, few academic sites 
have all of the technology in one hospital. _ ee 

The clinical dilemma has always bee 




































Cardiovascular Effects of Contrast Agents 








lodinated radiologic contrast agents should, ideally, 
passively provide radiographic contrast in blood 
vessels and soft tissues but have no effects on 
physiology, hematology or biochemistry. In prac- 
tice, no such agent exists although the nonionics 
most closely approach the ideal. All agents have a 
bewildering variety of effects on the cardiovascular 
system, which, in turn, engender a variety of neu- 
rogenic and humoral responses. The mechanisms 
underpinning these many phenomena appear to in- 
volve hyperosmolality, molecular structure, ionic 
content and balance. This review presents the cur- 
rent state of knowledge of these effects and their 
mechanisms, with emphasis on the differences be- 
tween conventional ionic and more inert nonionic 
agents. 

(Am J Cardiol 1989;64:2E—9E) 


Peter Dawson, MD 














ted radiologic contrast agents used for angiography 

have a variety of effects on physiology, biochemis-. 
try and hematology. In particular, the introduction of 
a bolus infusion of contrast agent into the cardiovascu-. 
lar system engenders a variety of primary physiologic 
changes and a number of secondary homeostatic re- 
sponses. These events are of great interest to the angiog- 
rapher and cardiologist in the cardiac catheterization lab- 
oratory but should also be of interest to the general radiol- 
ogist injecting these materials into arteries or veins during 
urography or computed tomography. Although many 
major anaphylactoid reactions to these agents are proba- 
bly mediated by as yet ill-defined immunologic mecha- 
nisms,' a substantial proportion are probably mediated 
by primary cardiovascular events. Patients with preexist- 
ing cardiac disease are at greater risk, even with a periph- 
eral venous injection.” Figure 1 reveals that the inci- 
dence of fatal major reactions to intravascular contrast 
peaks in the fifth and sixth decades, and the autopsy 
findings in these persons are predominantly pulmonary 
edema, congestion and hemorrhage, and general and cor- 
onary arteriosclerosis.* The cardiovascular effects of con- 
trast agents therefore merit examination and are re- 
viewed. 


F: from being ideal totally inert substances, iodina- 







OVERVIEW OF EFFECTS 

Contrast agents have primary central effects on the 
heart—myocardial contractility, electrophysiology and 
coronary blood flow—and primary peripheral effects on 
the vasculature. They also expand plasma volume, ad- 
versely affect blood rheology and have anticoagulant 
properties. Secondary homeostatic responses are conse- 
quently invoked (Tables I and II). 

Total dose and rate of injection are predictably impor- 
tant factors. Although direct cardiac effects are greatest 
with intracoronary injection, the magnitudes of the he- 
modynamic effects do not depend, in general, nearly so 
greatly on route of injection as might be supposed.’ 

Because they are in some ways simpler, the peripheral 
and hematologic effects will be discussed first. 


PERIPHERAL AND HEMATOLOGIC EFFECTS 

The introduction into the intravascular space of a- 
bolus dose of hyperosmolar contrast agent results in a 
rapid and substantial expansion of the plasma volume. 
During urography, there may be a 10 to.20% increase 
within 1 minute of injection of an intravenous dose of a 
conventional high osmolality agent.° However, expansion 
of blood volume is significantly less because some of the 
water for the plasma volume expansion is obtained from 
within red cells, resulting in their shrinkage and a marked — 
decrease i in hematocrit. Low omolality nens predic : 


















Contrast Agent Associated Deaths © 


FIGURE 1. Age and sex distribution of pa- 
‘tients reported to the Food and Drug Ad- 
ministration between 1969 and 1981 to 
‘have fatal reactions to intravascular con- 
trast agents. Open bars, female subjects; 
filled bars, male subjects. (Ri 

with permission from Acta Radiol.‘) 
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+- ably. produce less marked effects on an equivalent iodine 

dose basis (Fig. 2). The agents also produce a general- 
zed vasodilatation, resulting in systemic hypotension. 

< Hyperosmolality is again frequently cited as the underly- 


-ing mechanism,’ but inhibition of acetylcholinesterase in 


blood and tissues® and histamine release? have also been 
“invoked. Low osmolality nonionic agents are associated 
with less marked effects,!° as expected, on the basis of 
both their lower. osmolality and their low chemotoxicity. 
Rheologic effects: Erythrocytes are deformed by ra- 
diocontrast materials by 2 mechanisms: hyperosmolality, 
which draws water from them, producing a shrunken 
_desiccocyte; and, even dilute isoosmolar agents produce a 
degree of deformity (echinocyte production). The first 
mechanism also produces a rigidification of red cells, 
-rendering them less able to negotiate the microcircula- 
tion.'! The effect of agents of various osmolalities and of 
“different saline solutions on the deformability of red cells 
is illustrated in Figure 3. This phenomenon may play a 
part in determining the coronary circulation contrast 
washout time (see later) and certainly plays a role in the 
transient pulmonary hypertension that follows right-sid- 
ed cardiac and pulmonary artery injections.'? 
¿Uo Anticoagulant effects: The effects of contrast agents 
_on platelet aggregation and on the coagulation mecha- 
-nisms are of interest to the angiographer,'> but will not be 
discussed further here. Some of the issues are addressed 
by Grabowski elsewhere in this supplement. 


CARDIAC EFFECTS 
Effect on pump function of left-sided cardiac injec- 
tion: Left ventriculography with conventional ionic 
“agents initiates a triphasic series of hemodynamic 
events.!4.15 Myocardial contractility is initially enhanced 
_ in response to increased ventricular volume (Starling ef- 
- fect). Left ventricular end-diastolic pressure and volume, 
-left ventricular pulmonary systolic pressure, systolic vol- 
_ ume, ejection fraction and peak dP/dt (a measure of left 
ntricle contractile state) increase. A few cardiac cycles 
this is superseded by a depression of ventricular 
tion. ttributable to partially cane contrast entering 
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coronary arteries and reaching the myocardium. Left 
ventricular end-diastolic pressure and volume increase 
further, but left ventricular peak systolic pressure, stroke 
volume, ejection fraction and peak dP/dt decrease. Thi 
combines with the onset of peripheral vasodilation tc 
cause a marked reduction in systolic and diastolic pr 
sures. If the injection is into the aortic root, the init 
Starling effect is absent and contrast effects on myocardi 
um and periphery dominate.!* 

The third phase, that of recovery of pump functi 
apparent about a minute after left ventricular inject 
coinciding with maximal systemic vasodilation and h 
tension. Indexes of left ventricular pump function m: 
exceed initial values at this time and stabilization. ma) 
take up to 15 minutes.!*!> The mechanisms involved 
this rebound phenomenon include reflex sympathe 
stimulation and altered ventricular loading: condition: 
These effects are of less magnitude with the noni oni 
agents. !7.!8 


TABLE i Cardiovascular Effects of Contrast Agents 


Primary central effects on 
Pump function 
Electrophysiology 
Coronary blood flow 

Primary peripheral effects on 
Biood volume 
Vascular tone 

Effects on blood 

Effects on rheology 

Anticoagulant effects 


TABLE Il Cardiovascular Effects After Intrava 
Administration 


Secondary homeostatic responses... 
Neurogenic SE 
Humoral 

Vasopressin; ANP 


ANP = atrial natriuretic polypeptide. 
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FIGURE 2. Plasma volume expansions 
produced by equal iodine doses of 2 con 
trast agents, conventional high osmolality 
and low osmolality nonionic (iohexol). 
a ee 
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- Effect on pump function of coronary artery injection: 
Direct intracoronary injection of contrast is associated 
“with marked effects on pump function. Several parame- 
ters have been used to assess this in a variety of models: 
isolated papillary muscle, intact animal hearts, whole 
nimals and. human clinical material. This accounts for 
the many apparent contradictions and discrepancies to be 
found in published reports on this subject. In isolated 
heart models, dP/dt at a developed ventricular pressure 
of 40 mm Hg is a useful parameter because it has been 
‘shown to be largely independent of load factors. Peak 
dP t is reliable early after contrast injection because of 
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the delay before contrast affects the peripheral vascula- 
ture.!8 

Recently, ultrasonic piezoelectric crystals have been 
developed, which may be attached to the endocardial 
surface of the ventricle to measure dimensional changes, 
e.g., ventricular diameter and its rate of change. Increases. 
and decreases in this rate of change represent positive and 
negative inotopic effects of contrast. 

The depressant effects on pump function summarized 
in Table HI and Figure 4 illustrate some of the changes 
measured in dogs. The effects are maximal after a few 
seconds and coincide with the time of maximal coronary 
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ae work. It appears that the part slat by simple 
ygen displacement is small.2° Osmolality is important, 
but is not the only factor. Thus, hyperosmolar sodium 
lution partially mimics the effects, but dextrose and 
mannitol produce a positive inotropic effect.'®2! The role 
of ions, sodium and calcium, and additives will be consid- 
ered later. 
‘Avoidance of coronary stasis is important to minimize 
- the effects. This is a problem exacerbated by the induced 
bradycardia, as will be discussed later. 
_ «In addition to the direct depressant effects on myocar- 
_ dium, which contribute to systemic hypotension, coro- 
nary injections cause a vagal reflex phenomenon, partial- 
- ly opposed by atropine, producing a bradycardia and 
- peripheral vasodilatation. The reflex appears to be similar 
to the Bezold-Jarisch reflex.'622 
Some 20 seconds after injection there is a rebound of 
pump function, and the values of altered parameters may 
‘exceed baseline values. This is attributable to a neurogen- 
< ic reflex increase in cardiac sympathetic drive. Cardiac 
-output increases during this phase, partly because of re- 
duced peripheral resistance.?? This phase of increased 
“= cardiac output may be prolonged, particularly after re- 
peated injections. Even with new agents, the restoration 
to baseline hemodynamics may take 10 or more min- 
¿ytes, 182123 Enhanced contractile function may not al- 
~ ways be desirable, particularly in the presence of myocar- 
dial ischemia.?4 
<- “With nonionic agents and with calcium-supplemented 
agents, the initial event is a small positive rather than a 
negative inotropic effect (Fig. 4).!7 
Effect of right-sided cardiac injections: Injection of 
contrast into the right-sided cardiac chambers causes a 
less marked decline in systemic arterial pressure than do 
left-sided injections. There is transient pulmonary hyper- 


` FIGURE 4. Changes in myocardial con- 
“tractility as assessed by percent changes 
in left ventricular pressure (LVP) of 40 
mm Hg. Ca = calcium; LV = left ventricu- 
far. (Reproduced with permission from In- 
= yest Radiol.*7) 
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tly due to loss of red-cell deforma 
partly duc: to a decline in cardiac output.° These e ec 
are less marked with nonionic agents.!? 

Effect on coronary blood flow: There is a triphasic 
response of coronary blood flow to coronary injec 
tion.?2.25-27 In the first seconds after injection, flow falls, 
probably because of viscous contrast material replacin 
blood. This is followed by a hyperemic response, with flow. 
increasing to up to twice baseline value followed by a 
gradual return to normal (over 1 to 5 minutes). The effect 
of hyperosmolality on smooth muscle is cited as the mech- 
anism. It may be reproduced by hyperosmolar solutions 
of mannitol. The low osmolality nonionic agent, metriza 
mide, produces a smaller increase in coronary blood flow 
but, interestingly, contrast washout time may be faster,2! 
perhaps reflecting lesser effects on red cell deformability. 
This results in venous phase films of better quality. Addi- 
tion of calcium to diatrizoate results in the same effects 
on coronary blood flow as metrizamide, indicating a role 
for calcium.?6 

The importance of this in the presence of disease d 
pends on the site and magnitude of dilatation. If confin 
to normal vessels flow might be diverted from territor 
served only by stenotic vessels, a steal phenomenon. If 
occurs in the bed supplied by a stenotic vessel it might 
beneficial if prolonged and if not simply serving to delive 
contrast to the area. Metabolic evidence.of myocardial 
ischemia at the time of increased coronary flow has 


TABLE ill Effects on Myocardial Contractility 


LVEDP} LVPSP} 
LVEDVt sv} 
EF} dP/dt} 
Peak and 40mm H 
dP/dt = a measure of left ventricular contractile state; EF = ejection fracti 
LVEDP = left ventricular end-diastolic pressure; LVEDV = left ventricular end-diast 


volume; LVPSP = left ventricular peak systolic pressure; SV = stroke: volun 
increased; | = decreased : 
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-found in dogs.?8 The production of waded coronary ste- 
-nosis progressively attenuates the hyperemic response.?9 
Parallel results have been obtained in patients by Holman 
et al??. using xenon washout measurements. This in- 
creased flow is chiefly evident in normally perfused myo- 
cardium after coronary injection, and stenotic arteries are 
less able to respond. 

Effects on cardiac electrophysiology: The electro- 
physiologic actions of contrast agents are of great impor- 
tance when injected into the coronary arteries, although 
effects may, surprisingly, be apparent when contrast is 
injected into the great vessels or even a peripheral vein.3! 
They are due to a combination of direct and indirect 
neurally mediated changes in sinus rate, intracardiac con- 
duction velocity, duration of the ventricular depolariza- 
tion-repolarization process, and a consequent liability to 
tachyarrhythmias. 

Within 2 to 10 seconds of either left or right intracoro- 
nary injections in humans, sinus bradycardia develops. 
The human sinus node artery derives from the right coro- 
nary artery in some 55% of cases and from the left in the 
remainder.*? Sinus node depression may be caused by 
direct contrast infusion into the sinus node artery in 
dogs.*? Even so, it is likely that a neurogenic reflex plays a 
significant role (Bezold-Jarisch), because it occurs con- 
sistently despite variable coronary anatomy.*4 The same 
considerations apply to atrioventricular (AV) conduc- 
< tion; The AV junction is in territory with substantial 

“vagal innervation. The human AV node is usually a 
“branch of the right coronary artery.?5 Selective AV node 
artery injection in dogs slows AV conduction as assessed 
< simply by the PR interval. The AV node appears to be 
the specific site of slowed conduction on the basis of 
< Intracardiac recordings of the AH interval, reflecting 
= conduction from low atrial tissues through the AV node 
~~ and into the proximal His bundle.2° PR-interval prolon- 
-gation is detectable virtually equally, in particular during 
right and left coronary injection.>4 Atropine blocks the 
~~ effect, suggesting a vagal reflex.37 
= Below the AV node, interventricular conduction by 
way of the His bundle and bundle branch system is affect- 
ed slightly. Conduction here is rapid, and substantial 
-percentage changes would be expected to cause little pro- 
< longation of the conduction time. The HV conduction 
. interval, representing conduction through this system, is 
-unchanged.*® The duration of the QRS complex on the 
surface electrocardiogram is, however, slightly pro- 
longed, implying slowing during more distal propagation 
of the depolarization wave front through the ventricle, 
and bundle branch block patterns may appear.” The 
tal time period occupied by the combined processes of 
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ing left coronary artery injections. These events are ac- 
companied by changes in the T wave and by QT-interval 
prolongation. This may partly explain the increased li- 
ability to ventricular tachyarrhythmias, since regional 
inhomogeneity of repolarization times throughout the- 
ventricles is likely to favor their emergence. Mancini et 
alt? reported that nonionic iohexol differs appreciably — 
from conventional ionic materials in leaving the QT i inter- 
val unchanged. 

Electrocardiographic monitoring during coronary a an- 
giography shows increased amplitude and width of the 
QRS complex to the point of bundle branch block,4? 
QRS.-axis deviation to the right with right coronary ar- 
tery injection and to the left with left coronary artery 
injections, lengthening of the PR, PQ and QT intervals, 
and depression of the ST segment and T-wave inversion, 
the last more markedly with right than with left coronary 
injections.3034 

The ventricular fibrillation threshold is reduced in 
dose-related fashion in animals after intracoronary injec- 
tions of conventional contrast media, the effect lasting for 
about 1 minute.44 Changes in cardiac cell membrane 
excitability together with effects on homogeneity of myo- 
cardial repolarization velocity are likely to be involved. 
The magnitude of the effect is diminished if calcium ions 
are added,* and is less with nonionic agents.“ Animal 
data indicate a generally reduced electrophysiologic ac- 
tivity with nonionic agents.38.47 

The factors involved in producing these changes in- 
clude both hyperosmolality and chemotoxicity. Hyperos- 
molar dextrose mimics some of the changes, but not as 
effectively as equiosmolar diatrizoate. Faster rates of in- 
jection, surprisingly, are associated with fewer electro- 
physiologic charges.*8 






















































IMPORTANCE OF IONS 

Role of sodium and meglumine: In terms of general 
systemic toxicity, total sodium load is important in some 
groups,” and meglumine salts are thought to be associ- 
ated with a higher incidence of bronchospasm than sodi- 
um salts.23 

In the heart itself, the importance of cationic composi- 
tion was vividly illustrated when, as a result of work by 
Gensini and di Giorgi? showing that high sodium con- 
centrations were toxic and meglumine-protective, the 
manufacturers of diatrizoate in the United States re- 
duced its sodium content to less than 25% without public 
announcement. The result was an epidemic of ventricular 
fibrillation during cardiac procedures in the United 
States. Subsequent studies showed that the modified me- 
dium caused a pronounced prolongation of the depolar- 
ization time.*! Too much sodium is indeed toxic but so is 
too little and, although meglumine is protective, it is not 
so when used alone. 

Given this background, it is not surprising that there 
were initial doubts about the use of the nonionic agents in 
coronary angiography since they lack any sodium. con- 
tent. Early studies suggested very little disturbance of any 
parameter with the nonionic agents and this was borne 
out in extensive clinical use. Nevertheless, some groups - 





_ agents and their sodium EDTA or citrate 
«additives, or both, yield strong calcium 
: binding. (Reproduced with permission 
from Invest Radiol.*5) 
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have continued to study this question. Morris and Ventu- 


ra,°? using right coronary artery injections in dogs, ob- 


tained ventricular fibrillation easily with nonionics but 


‘not with ionic agents and found that adding sodium re- 
duced the incidence. These experiments generated con- 
-siderable interest but are open to several criticisms: 
Wedged catheters and very prolonged (>20 seconds) in- 
jections were used, the right coronary artery of the dog 
‘>was used (it is easy to trigger ventricular fibrillation by 
right coronary injections in the dog), dilute nonionic 
agents were used, and sodium was added in the form of 
sodium. diatrizoate. 
Piao et al” injected full-strength nonionic agents into 


-the left coronary artery of dogs and used electrical stimu- 


lation to trigger ventricular fibrillation. They were able to 
achieve this very infrequently. When they added sodium 
(as sodium chloride), however, ventricular fibrillation 
was achieved much more readily. 

Experiments like the latter, deviating less from the 
clinical situation than Morris’ experiments, together with 

-clinical experience, suggest that despite the need for a 
little sodium if the agent is ionic, there is no need for 

; sodium if it is nonionic. 

_ The intracoronary injection of hyperosmolar contrast 
_ agent draws water out of the interstitium, thus contribut- 
ing to an increase in the sodium/calcium ratio gradient 

: across cell membranes.*4 Changes in calcium levels also 

contribute. 

Role of calcium: Reference has been made several 
times. earlier to the fact that the addition of calcium to 
conventional ionic products reduces the magnitude of 

their cardiac effects, suggesting an important role for 
calcium in cardiotoxicity mechanisms. Ethylene diamine- 
tetraacetate and citrate additives, and the anions them- 
`- selves in the case of the ionic agents, may bind calcium in 
vitro% and in vivo. The former is illustrated in Figure 5 
and the latter, shown by a decrease in coronary sinus 

cium, is seen in Figure 6. It is obviously more difficult 

| determine what happens in the interstitium but, pre- 


sumably, the osmotic effects resulting in withdrawal. 
interstitial fluid would tend to lead to an increase in 
calcium levels exactly in line with sodium levels, with no 
change in the sodium/calcium ratio. However, the rapi 
passage of contrast into the interstitium results in bin 

of calcium, producing an increase in the sodium/calci 
ratio.>4 One may speculate that this disturbs the tran 
membrane sodium/calcium pump and is an important 
contribution to the adverse. effects on pump function nd 
on electrophysiology. 
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Total no. of injections 22 20 
Injections producing. 12 3 
~ ventricular fibrillation 

Injections :not producing 10 17 
ventricular fibrillation 10 


Reproduced with permission from Invest Radiol ^8 


























































Figure 5 shows the significant calcium-binding effects 
of various formulations of ionic agents with and without 
citrate and with sodium ethylene diaminetetraacetic acid, 
and the insignificant effect of a nonionic agent.°> The 
latter type of agent contains calcium disodium edetate, 
which does not change calcium levels; the nonionic mole- 
cules themselves have virtually no calcium-binding ca- 
., pacity. This may be an important factor in their low 
cardiotoxicity. 

- -Thomson et alt demonstrated that the incidence of 
„ventricular fibrillation in dogs after right coronary artery 
injection is markedly reduced when calcium is added to 
_ stock commercial diatrizoate (Table IV). One possibility 
-that immediately suggests itself is an adverse summation 
„or synergistic effect with calcium antagonists. Higgins et 
al’’ studied this in the dog and observed such a summa- 
-tion effect between verapamil and a conventional ionic 
contrast agent. The situation in patients is not clear, but 
the possibility of an increased risk in those taking such 
therapy should be borne in mind. 


HOMEOSTATIC RESPONSES 

‘There are 2 types of homeostatic responses (Table II): 
Reflex neurogenic responses, mediated by baroreceptors 
» responding to a decrease in systemic blood pressure, tend 
to restore the status quo. Such responses are well charac- 
terized by physiologists—in general terms if not in the 
specific context of the effects of radiocontrast agents. 
Less well characterized are the humoral responses, which 
include changes in circulating levels of vasopressin and 
atrial natriuretic polypeptide. The response of the former 
_is rapid and dramatic® after administration of hyperos- 
‘molar contrast agent. In addition to its role as the antidi- 
retic hormone, vasopressin has a pressor activity and 
reduces renal blood flow. One may speculate that it has a 
contributory role in contrast agent-associated nephrotox- 
city. Atrial natriuretic polypeptide levels increase in re- 
sponse to blood volume expansion, but the change is small 
f dubious clinical significance (Dawson P, unpub- 

vations, 1989). 


diopaque media used for general angiog- 
dioangiography are associated with a num- 
r of important physiologic effects in the cardiovascular 
All these effects are of smaller magnitude when 
osmol ity nonionic en are used. This appears to 
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be based not only on their reduced osmolality but also on 
their lower chemotoxicity and minimal calcium-binding 
propensity. 
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ts of Contrast Media on Endothelial Cell 
_ Monolayers Under Controlled Flow Conditions 





ionic intravascular contrast media in a more physi- 
_ Ologic in vitro system, key aspects of blood flow 
through a microvessel were simulated. Toward this 
end, monolayers of endothelial cells placed in a spe- 
cially designed flow chamber, real-time imaging of 
the monolayers by brightfield and phase videomi- 
croscopy, and real-time imaging and computer-aid- 
-ed quantitation at normal hematocrit levels of 
_ platelet adhesion/aggregation to sites of monolayer 
injury by means of epifluorescence videomicros- 
copy were used. At a concentration in culture medi- 
um of 20% by volume, it was found that monolayer 
morphology was least altered by iohexol when 
compared with diatrizoate and ioxaglate; monolay- 
< -er production of prostacyclin was enhanced (p 
<: <0.001) by ioxaglate compared with saline con- 

_ trols; and at a concentration in citrated blood of 
20% by non—red-cell volume, platelet adhesion/ag- 
:- gregation was reduced by all 3 contrast agents in 

«the order diatrizoate > ioxaglate > iohexol. 
Epa (Am J Cardiol 1989;64:10E-15E) 
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onionic intravascular contrast agents are gener- 
Ne considered safer than the more hyperosmolar 

ionic agents. Nonionic media are associated with 
fewer reactions and possibly fewer fatal outcomes.! One 
important reason for this is that such media are much 
more biocompatible. Nevertheless, unanswered questions 
remain. Under physiologic flow conditions, e.g., to what 
extent do ionic vs nonionic agents alter vascular endothe- 
lial cell morphology and production of prostacyclin 
(PGI), a flow-dependent? and important regulator of 
platelet- vessel wall interaction? Do contrast agents pro- 
mote “spontaneous” platelet aggregation by effects on 
vessel wall integrity? 

To begin to answer these questions, we have studied 
and compared the nonionic contrast agent iohexol (Om- 
nipaque 350%; Winthrop Pharmaceuticals, New York, 
N.Y.) and the ionic agents sodium methylglucamine dia- 
trizoate (Renografin 76®; E.R. Squibb and Sons, Prince- 
ton, New Jersey) and ioxagl ate (Hexabrix®; Mallinkrodt, 
St Louis, Missouri) in an in vitro controlled flow system 
that simulates blood flow through a microvessel, com- 
plete with an endothelial cell monolayer.34 In addition to 
controlled rheologic conditions, the system is capable of 
measurement of cell metabolites, such as endothelial cell 
production of PGI, and real-time imaging of physical 
interactions among red cells, platelets and endothelial 
cells. Imaging is performed by means of brightfield, 
phase and epifluorescence videomicroscopy, with provi- 
sion for on-line and off-line digital image processing. 

This report shows that endothelial cell morphology is 
least altered by iohexol, that PGI, production by endo- 
thelial cell monolayers is enhanced by ioxaglate, and that 
platelet adhesion / aggregation at a site of injury to vascu- 
lar endothelium is not significantly affected by iohexol. 
Furthermore, even in the presence of contrast media, 
such adhesion /aggregation is limited to sites of mechani- 
cal injury. 


METHODS 
Overview: The experimental approach in this study 
was to simulate in vitro key aspects of blood flow through 
a microvessel, and to do so in a way that allows for control 
of flow conditions, real-time imaging of endothelial cell 
monolayers by brightfield and phase videomicroscopy, 
real-time imaging and quantitation at physiologic hemat- 
ocrits of platelet adhesion/aggregation by means of epi- 
fluorescence videomicroscopy, and measurement of out- 
flow levels of arachidonic acid metabolites as an assess- 
ment of endothelial cell function. Such an approach has 
Proved feasible ifo one uses. monolayers of cultured endo- 











_ thelial cells, computer-aided digital image enhancement 
` and processing, and a specially-designed flow chamber. 
_ To our knowledge, this approach remains unique in pro- 
viding estimates of PGI production by monolayers sub- 
jected to controlled levels of shear stress using either 
whole blood or culture medium, while simultaneously 
permitting real-time morphologic studies of platelet ad- 
hesion/aggregation at sites of local monolayer denuda- 
tion. 
Blood collection and processing: Donors for platelet 
-studies were healthy adult laboratory personnel with nor- 
-mal adult hemoglobin who had taken no antiplatelet 
medication in the previous 10 days. Blood (20 to 40 mil) 
“was collected by venipuncture into a beaker solution of 
| gitrate and saline solution: 1 part solution to 9 parts blood, 
0.38% final citrate concentration. Aliquots of this blood 
were set aside for a complete blood count. 

Flow system: Twenty to 50 ml of either complete 
culture medium (monolayer morphology and PGI) pro- 
duction studies) or blood (platelet studies) was placed in a 
_ magnetically stirred (60 rpm), 50 ml, siliconized glass 
-beaker maintained at 37°C by a water bath. The culture 
medium or blood had previously been diluted with either 
saline solution or contrast medium for a final saline/ 
contrast agent concentration of 20% by non-red cell vol- 
ume. A withdrawal pump (model 906, Harvard Appara- 
tus Co, South Natick, Massachusetts) drew blood 
through a 110-cm length of 0.20-cm internal diameter 
Silastic® tubing (Dow Corning, Indianapolis, Indiana) to 
the inlet port of a special flow chamber. A counter-cur- 
rent heat exchanger ensured that blood entering the 

"= chamber remained at 37°C. The chamber itself, de- 
scribed elsewhere,** provided for the thin-film, parallel- 
-plate flow of blood past a monolayer of endothelial cells 
grown to confluence on a rectangular cover glass. Flow 
conditions were determined by the film thickness (290 
pm) and pump rate. Shear rate at the chamber walls, 
estimated from the bulk flow, was 270 s~! for a volumet- 
ric flow rate at 1.0 ml/min. This shear rate is characteris- 
tic of those found in small arteries.» The Lucite® wall 
opposite the monolayer was made so that steps or grooves 
securely held rectangular inner and outer gaskets made 
from 0.790-mm-thick Silastic sheeting (Dow Corning, 
Midland, Missouri). The inner gasket determined the 
_ monolayer area (1.6 cm?) exposed to blood as well as the 
film thickness, while the horizontal space between the 2 
gaskets was connected to laboratory vacuum. This vacu- 
um allowed for rapid assembly or disassembly of the 
chamber components between experimental runs. 

Endothelial cell monolayers: Bovine aortic endotheli- 
al cells of passage less than 24 were grown to confluence 
on 60 X 22 mm cover glasses (thickness 1; Fisher Scien- 
tific, New York, New York) under static conditions as 
-previously described.® For studies of endothelial cell mor- 
phology and PGI, production, intact monolayers were 

_ used. For platelet studies, however, a loop of 6-0 sterile 
suture was drawn edgewise across the width of a given 
monolayer near its longitudinal midpoint just before 
hamber assembly for an experimental run. This step 
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resulted in a very narrow (70 + 15 pm; mean + standard 
deviation) band of endothelial cell removal. Once the 
chamber was assembled, the flow passage was immedi- 
ately filled with culture medium in order to keep the 
monolayers moist and to prevent the subsequent forma- 
tion of an air-blood interface. Flow began within 5 min- 
utes of chamber assembly. 

Endothelial cell monolayer morphology: At the onset 
and after 7.5 minutes of flow, video recordings were made 
of monolayers mounted in the chamber using transmitted 
light and phase contrast microscopy. Observations were 
made of degree of confluence and cell detachment. _ 

Prostacyclinz production: Outflow samples of 500 ul 
were collected on ice at times 0.0 (first appearance of 
culture medium in the outflow), 0.5, 1.0, 3.0 and.7.0 — 
minutes. Collection duration was 30 seconds. Samples 
were stored at —20°C until specific radioimmunoassay. 
for 6-keto-prostaglandin (PG) Fia. The sensitivity of the 
assay was 50 pg/ml.’ To minimize dispersion of PGI as 
it passed through and out of the flow chamber, a magneti- 
cally stirred compartment (volume 25 yl) was included 
immediately downstream from the monolayer. This fea- _ 
ture made it possible to measure minute-to-minute PGI, 
production rates.? Production of PGI, for a given minute: 
was calculated as the product of outflow concentration of 
PGI, at that minute and flow rate. Production was €x- : 
pressed as ng 6-keto PGF1«/cm? of monolayer per min- 
ute. Production of PGI, for the first 7 minutes of flow, - 
referred to herein as “total” PGI, production, was calcu- 
lated using the trapezoidal rule and values for production 
at the various time points. Units of total PGI, production 
were ng/cm?. on 

Platelet adhesion/aggregation: Real-time imaging of 
platelet adhesion/aggregation at the defined microinjury 
site used epifluorescence videomicroscopy. The platelet 

fluorescent label was the TAB murine monoclonal anti- 
body directed against human platelet glycoprotein IIB, 
together with a fluorescein-conjugated goat F(ab’)2 
against murine immunoglobulin. A Nikon Optiphot mi- 
croscope with an attachment for epifluorescent illumina- 
tion, a 20 X (NA 0.75) fluor objective, and a 550-mm IF 
barrier filter were coupled to a silicon-intensified target 
camera (model 5252-2000, Cohu Electronics, San Dieg 
California), which in turn provided input to a real- 
image processor (Image I, Interactive Video Syst 
Cambridge, Massachusetts) and a video recorder (P: 
sonic video recorder, model 8950). The on-line processi 
sequence has been previously described.*4 : 

One off-line measurement was the percent of the inj 
ry area covered by platelets, a measure of platelet adh 
sion/aggregation. This percent was taken to be 100 tim 
the ratio of the number of pixels in an electronic win 
over the injury area with intensity above a certain thr 
old to the total number of pixels in the window. T 
threshold was determined visually to correspond 
borders of adherent platelet aggregates. In practice, t 
ratio was computed using in the denominator appr 
mately 3,000 to 7,500 pixels. A second measurerr 
mean signal intensity for all pixels in the electroni 







































































































































ume saline (left panel) or ioxaglate (right pane). 


dow and above the threshold described. Mean signal in- 
_ tensity as percent of control was taken to be a measure of 
_ the mean aggregate thickness. We quantified adhesion/ 
aggregation in experiments lasting 7.5 minutes. 


ndothelial cell monolayer morphology: Monolayers 
retained confluence for all 3 contrast media; no gross cell 
_detachi was noted. However, Figures 1, 2 and 3 show 
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FIGURE 2. Endothelial cell monolayer after 7 minutes of flow at 270 s-1 


FIGURE 1. Endothelial cell monolayer by transmitted light microscopy after 7 minutes of flow at 270 s~! with complete culture 
medium containing 20% by volume saline (left panel) or diatrizoate 


(right panel. Image corresponds to an area 435 x 580 pm, 


‘ies: iar 
with complete culture medium containing 20% by vol- 


that both diatrizoate and ioxaglate caused endothelial 
cells to shrink and assume a rounder shape, whereas 
iohexol altered cell morphology the least compared with 
saline controls. 

Prostacyclinz production: For all 3 contrast agents 
and saline solution, monolayers of endothelial cells ex- 
posed to the sudden onset of flow of culture medium 
produced a burst of PGI, followed by a more steady 
component in time (Fig. 4). Table I shows that total PGI, 





© FIGURE 4. Prostacyclin production vs 


. i FIGURE 3. Endothelial cell monolayer after 7 minutes of flow at 270 s-' with complete culture medium containing 20% by vol- 


“ume saline (left panel or iohexol (right panel). 


sec! N 
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“time for all 3 contrast agents and saline. 
Representative experiment. PGF iq = 
prostaglandin 


in Fia- 


6-KETO PGF), ,ng/cm?- min 





production, however, was significantly greater with iox- 
aglate than with either controls (p <0.001) or iohexol (p 
<0.05). 

Platelet adhesion/aggregation: Figure 5 depicts 
platelet adhesion-aggregation in whole blood at a site of 
endothelial cell monolayer injury after 5 minutes of flow 
at 270 s~!, The individual platelet aggregates appear to 
_ form chains aligned with flow direction. Off-line analysis 

of these aggregates suggests peak heights of the order of 
0 um: The experiments summarized in Table II show 
hat mean aggregate thickness was reduced for all 3 con- 
rast agents. With ioxaglate and diatrizoate, platelet cov- 


ge was reduced as well. Adhesion/aggregation of 





e 1OXAGLATE 
= DIATRIZOATE f 
á IOHEXOL 

v CONTROL (CULTURE MEDIUM) 


4 
TIME, min 





platelets did not occur at monolayer sites other than those 
of mechanical injury. 


DISCUSSION iE 

Endothelial cell monolayers: The morpholog 
changes seen with diatrizoate at a concentration of 2 
by volume are suggestive of the hyperosmolar inj 
endothelium reported by other investigators using va 
contrast media who observed exposure of subendotheli 
elements? or augmented release of *!Cr.? The sit 
changes seen with the less hyperosmolar agent ioxagla 
however, argue that there must also exist a direct 
charge or the enhanced protein-binding capacit 
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435 x 580 um. 


aglate. Ioxaglate, e.g., may make circulating protein- 
bound arachidonate, the substrate for endothelial cell 
cyclooxygenase, more available to endothelium. Parallel- 
ing the latter is an increased production of total PGI, not 
seen with diatrizoate. Such an increased production is 
characteristic of endothelium subjected to stimulation, as 
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-TABLE I Total PGl Production for the First Seven Minutes of 
Flow 
_| 
RPMI 
Contro! lohexol Diatrizoate loxaglate 
(ng/em*)  (%)* (%)* (%)* 
Mean 1354041 11824121 129.1 +24.0 1535749.86 
+SEM 
No. 8 8 7 6 
* of control average for a given date. a 
hp. <0,0001. 
PGR = prostacyclin; RPMI = Roswell Park Memorial Institute; SEM = standard error 
of the mean. 





sal 








_ TABLE Wl Platelelet Adhesion /Aggregation to a Site of 
Endothelial Cell Monolayer Injury 





Percentage Coverage 
of Injury Area* 


13.94 2.4 
8643.0 
6941.24 
6641.08 


Percent Mean 
Aggregate Thickness* 





Blood Additive 








100 (11.5 + 6.1 um) 
68+13t 
47 + 158 
30.47.28 
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FIGURE 5. Platelet adhesion/aggregation at microinjury site (not visible) in whole blood after 5 minutes at 270 s-}, Owing to 
camera inversion and reversal of image, blood flow is from top te bottom. As in Figures 1 to 3, image corresponds to an area 


with sodium arachidonate, calcium ionophore, shear 
Stress, or injury. In any event, these differences in pros- 
tanoid production are unlikely to be due to differences in 
viscosity, because iohexol and ioxaglate are similar with 
respect to this parameter.* 

Increased production of PGI, by endothelium exposed 
to contrast agents has also been reported for endothelial 
cells grown on glass beads in a column (Bettman M, 
personal communication, 1988) and for patients under- 
going peripheral arteriography.'! In these studies, pro- 
duction with ionic media exceeded that with nonionic 
media. Flow conditions were neither defined nor con- 
trolled, however, as in the present work. 

Platelet adhesion/aggregation: A small inhibitory ef- 
fect of iohexol was found on platelet adhesion /aggrega- 
tion to a site of injury of endothelial cell monolayers. This 
finding is in keeping with a moderate inhibitory effect on 
platelet aggregation in platelet-rich plasma.!2!3 This re- 
sult also suggests that any direct effect of iohexol on 
endothelial cell function has no major consequences for 
platelet adhesion/aggregation at the concentration of io- 
hexol used. 

loxaglate and diatrizoate, on the other hand, more 
significantly inhibited platelet adhesion/aggregation, in 
agreement with earlier observations using platelet-rich 
plasma.!>!4 The present results are important in that this 
finding now occurs in a system that integrates the effects 
of flowing whole blood, and vascular endothelium sur- 
rounding the injury site. : 

The absence of platelet adhesion/aggregation at 
monolayer sites other than those of mechanical injury 
implies that any morphologic or functional changes, or 
both, in confluent endothelium are not sufficient to give | 
rise to adhesion/aggregation at the concentration of the 








trast agents studied. However, this conclusion may 
| pply to regions of vessel wall ischemia or injury. 
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> Angiographic Implications of 
Cardiac Transplantation 





Edwin L. Alderman, MD, and Lewis Wexler, MD 


PAE ag a Sl a EE A E 
Coronary vascular disease in the cardiac transplant 


recipient has become the third most frequent cause 
of death or retransplantation after infection and 
acute rejection. A unique pattern of concentric fi- 
brointimal thickening develops within 1 year of car- 
diac transplantation; however, it is relatively inap- 
parent on routine arteriography. The disease pro- 
gresses primarily in distal vasculature, leading to 
progressive occlusion. Angiographically discrete le- 
sions associated microscopically with advanced 
atherosclerotic plaques frequently occur in the 
:: more proximal vessels often associated with throm- 
bus. The number of rejection episodes is somewhat 
predictive of the development of transplant coro- 
nary disease. Annual arteriograms performed in 
cardiac transplant recipients have revealed several 
distinctive angiographic features that include clock- 
wise rotation of the heart, presence of coronary ar- 
terial-cameral fistulae, presumably resulting from 
right ventricular endomyocardial biopsy specimens 
and collateralization of the brachial anastomosis 
from coronary atrial branches. It is concluded that 


: -serial angiography in cardiac transplant recipients 


is important in the early detection of progressive 


= graft atherosclerosis, a process that is clinically si- 


: Jent until such time as overt heart failure or cardio- 
-genic shock occurs. 
(Am J Cardiol 1989;64:16E-21E) 


From the Cardiology and. Cardiovascular. Radiology Divisions, Stan- 

ford University Medical Center, Stanford, California. 

Address for reprints: Edwin L. Alderman, MD, Stanford Universi- 
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eart transplantation has become a clinically ac- 
Hes procedure for the treatment of patients 

with advanced heart failure. Since the time of the 
initial heart transplant, there has been a gradual and 
steady increase in the annual number of procedures per- 
formed worldwide, with 2,200 performed in 1987.! This 
increase in procedures reflects recognition of improved 
survival accompanying cyclosporin use for immunosup- 
pressive therapy. One- and 5-year survival rates at Stan- 
ford in the precyclosporin era were 65 and 40%, respec- 
tively. With the introduction of cyclosporin, the corre- 
sponding 1- and 5-year survival rates have risen to 81 and 
55%. 

With better immunosuppression, the development of 
coronary vascular disease in the transplant recipient has 
become an increasingly more common cause of death or 
retransplantation,” ranking third in the Stanford Univer- 
sity series after infection and acute rejection. Detection of 
graft atherosclerosis often occurs late in the course of the 
disease because of the absence of the typical pain symp- 
toms that accompany angina or infarction. Thus, early or 
even moderately advanced transplant coronary disease is 
only identified at the time of coronary arteriography. At 
Stanford University Medical Center, it has been routine 
practice to obtain annual coronary arteriograms. These 
arteriograms have provided a substantial data base for 
assessment of transplant coronary disease. 


TECHNICAL CONSIDERATIONS 
Patients who have undergone cardiac transplantation 
often have unique angiographic problems that are sum- 
marized in Table I. The ascending aortic donor /recipient 
suture line (Fig. 1) often constitutes a minor impediment 
to advancement of Judkins left coronary catheters. It can 
be necessary to advance the catheter directly into the 
aortic root over the guidewire to avoid doubling back of 
the catheter as it comes into contact with the shelf formed 
by the suture line. Typically, the positions of both coro- 
nary ostia are rotated in a clockwise direction because of 
realignments that occur at the time the donor heart is 
implanted. There is rarely difficulty in engaging the left 
coronary ostium using standard Judkins’ catheters, al- 
though occasionally a left Amplatz catheter is required to 
reach a posterior-oriented ostium (Fig. 2, top). The right 
coronary ostium often is rotated much more anteriorly 
than the casual angiographer might expect (Fig. 2, bot- 
tom). Standard Judkins or Amplatz curves may not reach 
sufficiently anteriorly to engage the ostium. Reshaping of 
Judkins right coronary catheters to rotate the distal por- 
tion anteriorly, i.e., clockwise twist, and to extend their 
reach by | cm or more, can assist in engaging the ostium. 















© Some modification of standard coronary projections may 
be needed to accommodate the prominent clockwise rota- 
tion; e.g., a lateral projection often corresponds in appear- 
ance toa typical 60° left anterior oblique projection of the 
heart and coronary tree. 

Because hypertension and depressed renal function 
often occur in patients who have had transplants, it is 
preferable that they be well hydrated before arteriogra- 
phy and that left ventricular angiography be avoided if 
the creatinine levels are >2.0 to 2.5 mg%. These ap- 
proaches, along with the use of nonionic contrast media, 
may minimize adverse effects on renal function. In gener- 
al, selective coronary injection should be avoided when 
there is substantial hypertension because of increased risk 
of ventricular arrhythmia. Typically, prior nitroglycerin 
administration, either sublingual or intravenous if neces- 
sary, will temporarily decrease blood pressure to an ac- 
ceptable level. Allergic reactions to contrast media are 
rare, possibly because of immunosuppression. Neverthe- 





TABLE I Angiography in Cardiac Transplant Recipients 





Aortic host donor suture fine 

Clockwise rotation of coronary ostia 

Alter standard projections to accommodate for clockwise 
rotation of the heart 

Avoid coronary injections when systolic blood pressure is high 
(give vasodilator first) 

Prior hydration; delete left ventricular angiogram if 
creatinine levels are more than 2.0 to 2.5 mg % 

Nonionic contrast if creatinine levels are high 

Allergic reactions rare (possibly due to 





immunosuppression) 





FIGURE 1. This 30° right anterior oblique left ventriculogram 
shows in the left upper corner of the frame the junction be- 
tween the donor and recipient aortas. The distinct anastomotic 
size difference reflects the fact that the recipient had previous- 
- fy had left ventricular dysfunction as a result of multiple surgi- 
_ cal procedures for congenital aortic stenosis that had resulted 
in a dilated ascending aorta. Left Judkins coronary catheters, 
when advanced retrograde through the aortic root, often re- 
=: quire a leading guide wire for placement in the aortic root. 


Jess, contrast allergies can be quite severe and atypical in 


their manifestations. 


TRANSPLANT CORONARY DISEASE: 
ANGIOGRAPHIC APPEARANCE i 

The angiographic appearance of transplant coronary 
disease is relatively distinct from that often associated 
with nontransplant coronary disease. Transplant coro- . 





the main body of the catheter in the ascending aorta, Clock 
wise rotation of the heart at the time of transplantation has 
placed the left coronary ostium clockwise (posterior 

more usual location. Bottom, this is a 45° right anterior | 
oblique projection of the right coronary artery. The tip of 
right coronary Judkins catheter is pointing directly anterior 
engage the right coronary ostium. This position is appro: 
mately 90° clockwise of the usual Judkins right 

eter placement. ms precio The ee i 

seen face on. 
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FIVE YEARS 


moma 

FIGURE 3. Serial angiograms obtained 1 and 5 years after 
transplantation show progressive loss of distal vasculature. 
The mid- to distal vessels are severely narrowed, with distal 
tapering and obliteration. The radiopaque dots are tantalum 

- markers implanted in the left ventricular midwall for research 
studies of left ventricular dynamics. 







































nary disease is characterized by diffuse concentric lesions 
that are particularly prominent in the distal coronary 
vasculature.*4 Often the distal vessel size is dispropor- 
tionately small compared with the size of the proximal 
vessels. Figure 3 shows distal vessel tapering and pruning, 
particularly common findings in the secondary branches 
of the coronary vasculature. This type of diffuse concen- 
tric disease is quite distinct from the relatively localized 
discrete lesions of typical atherosclerotic coronary disease 
that predominate in the large epicardial vessels. Some- 
times ectasia and thrombus formation within the proxi- 
mal coronary vessels are observed in transplant coronary 
disease. Obstruction of medium to small-sized coronary 
vessels often occurs in later stages of transplant coronary 
disease, and collateral filling of completely obstructed 
distal vasculature is almost never observed. This oblitera- 
tive vascular disease with absent collaterals is distinct 
from typical nontransplant coronary disease, with the 
occasional exception of advanced disease in diabetic or 
extreme hyperlipidemic patients. Small vessel disease 
typically causes slow symmetric passage of the contrast 
medium through the coronary circulation in the absence 
-. of obvious vascular narrowing. 

-= Assessment of coronary disease in cardiac transplant 
recipients must consider whether the disease was present 
at the time of heart transplantation. It is routine practice 
_-at Stanford to obtain donor arteriography if donor age, 
history or electrocardiogram suggests the presence of cor- 
-onary disease. Subsequent serial arteriography on trans- 
lant recipients necessitates methods to insure compara- 
ility from study to study. Sublingual nitroglycerin ad- 
=- ministered before. coronary injections minimizes the 
effects of variations in vasculature tone. All projections 
are systematically recorded so that they can be replicated 
in later studies. Calibrating catheters with a metallic 
marker near their tip increase quantitative precision. 
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TABLE If Histopathologic Categorization of Transplant 
Coronary Disease Lesions 









Fibrointimal thickening: smooth muscle cell proliferation and 
collagen accumulation 

intermediate lesions: features of both fibrointimal thickening 
and atheromatous plaques 

Atheromatous plaques: fibrous cap; central zone of lipidladen 
cells with cholesterol clefts and other lipoproteinaceous debris 








TABLE III Arteriographic Abnormalities in Cardiac Transplant 
Recipients 





Transplant coronary disease: diffuse concentric 
distal disease; discrete typical atherosclerotic lesions; paucity 
of collateral channels to totally obstructed vessels 

Localized and diffuse coronary vasospasm 

Coronary arterial right ventricular cameral fistulae 

Collateralization and neovascularity of bronchial 
anastamosis in heart-lung recipients 

Epicardial coronary vessel separation from cardiac 
silhouette in constrictive pericardial disease 











Side-by-side review of serial films helps detect small, but 
definite, early changes. 

In previously reported studies from Stanford,’ 41.5% 
of patients who had undergone transplantation had visi- 
ble angiographic coronary disease 5 years after trans- 
plantation. For those patients in whom angiographically 
visible coronary disease developed, the initial onset ranges 
from as early as 12 months to 7 or more years. It is not 
uncommon to observe that diffuse concentric mid- and 
distal vascular narrowing progresses into a pattern of 
mid- and distal disease, along with superimposed proxi- 
mal discrete lesions consistent with those seen in typical 
atherosclerosis. 

Considerable attention has been directed toward risk 
factors that may be predictive of transplant coronary 
disease development. Donor age, recipient age, and the 
extent of human leukocyte antigen mismatches do not 
show consistent correlation with subsequent graft coro- 
nary disease.° However, the frequency of rejection epi- 
sodes and elevation of triglyceride levels during the first 
year after transplantation do correlate with the develop- 
ment of subsequent transplant coronary disease. It should 
be emphasized that these are only 2 of a large number of 
correlative analyses that were performed, thus diminish- 
ing the significance of this finding. 


MICROSCOPIC PATHOLOGY 

Pathologic examination of a substantial number of 
hearts, either explanted at the time of retransplantation 
or at the time of postmortem examination, has provided 
information regarding the pathology of transplant coro- 
nary disease. Transplant lesions are categorized micro- 
scopically into 3 types listed in Table II. Fibrointimal 
thickening is characterized by smooth muscle cell prolif- 
eration and collagen accumulation. This. lesion:..corre- 
sponds angiographically with distal concentric diffuse 








disease. Virtually all coronary vessels in transplant recipi- 
ents exhibit substantial fibrointimal proliferative disease 
within 6 months of transplantation, and no segments are 
“free of disease by 1 year. 
A second type of lesion characterized as a typical 
atheromatous plaque contains a fibrous cap, a central 





zone of lipid-laden cells with cholesterol clefts and other = 
lipoproteinaceous debris. Intermediate lesions contain 

features of both fibrointimal thickening and atheroma- 
tous plaque. These lesions appear to be an evolutionary 
stage between fibrointimal thickening and typical ather- 
omatous lesions. 


FIGURE 4. Left, discrete tubular stenosis is evident in the proximal portion of the right coronary artery distal to the site of cath- 
eter insertion. The distal right coronary vasculature and the coronary vessels on the same arteriogram are free of visible coro- 
nary disease. Right, identical projection to Figure 4 (left), obtained after administration of sublingual nitroglycerin and sublin- 


gual nifedipine. 


FIGURE 5. This is a coronary right ventricular cameral fistula 
arising from a small septal branch of the midleft anterior de- 
scending artery, probably resulting from right ventricular en- 
domyocardial biopsy. Similar fistulae have been observed aris- 


FIGURE 6. This illustrates the proximal right coronary artery 
injection taken from a heart/ung transplant recipient. The si- 
noatrial branch of the right coronary artery is hypertrophied, 
and collateral branches extend to the area of the tracheal - 
anastomosis as indicated by the surgical clips. 
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_ Coronary arteriography that closely precedes retrans- 
plantation and availability of the explanted heart for 
_ pathologic examination permits direct side-by-side com- 
parison of microscopy with arteriographic appearance. 
These microscopic/arteriographic comparisons demon- 
strate that the concentric fibrointimal disease is not al- 
ways evident on standard coronary arteriography when 
assessed according to usual visual criteria. Microscopic 
lesions that encroach on luminal area upwards of 25 to 
50% are usually undetectable on coronary angiograms, 
particularly when all vessels are symmetrically involved. 
The introduction of coronary quantitation to examine 
.. changes in lumen dimensions in serial studies has the 
potential to increase the sensitivity of detection of trans- 
plant coronary disease. It is already well established in 
nontransplant coronary disease that there is substantial 
‘angiographic underestimation of both the prevalence and 
severity of coronary disease determined from pathologic 
specimens. This observation is even more applicable to 
the concentric lesions associated with transplant coronary 
disease. 


OTHER CORONARY ANGIOGRAPHIC 
ABNORMALITIES IN TRANSPLANT PATIENTS 
Table IH lists a variety of other interesting and unique 
arteriographic observations in transplant patients. For 
example, although the transplanted heart is denervated, 
coronary vasospasm can occur both locally at the site of 
catheter engagement, as well as distally in the same ves- 
sel. Figure 4 (left) shows a localized area of right coro- 
nary constriction distal to the coronary ostium. This type 
of localized lesion in the absence of any other visibly 
evident coronary disease is much more likely to be spasm 
~ than an atherosclerotic lesion, even though its position 
was not directly adjacent to the catheter tip. Figure 4 
_ (right) shows that after sublingual nitroglycerin and sub- 
_ lingual nifedipine, the localized spasm was eradicated. 
One patient at Stanford® was reported to have had spon- 
taneous coronary spasm syndrome with accompanying 
prominent electrocardiographic abnormalities, although 
without chest pain. 
Another relatively common cardiac transplant arte- 
riographic finding is that of a coronary arterial-cameral 
fistula. Typically, this arises from right ventricular mar- 
ginal branches or left anterior descending septal arteries 
(Fig. 5) with drainage of contrast directly into the right 
__ ventricular cavity. These fistulae almost certainly are the 
result of right ventricular endomyocardial biopsies that 
have penetrated into small arteries of sufficient size as to 
-cause an abnormal fistula. No important hemodynamic 
equelae have been noted as a result of these coronary 
‘al fistulae. 
patients who are heart and lung recipients, it is 





difficult to differentiate restrictive myocardial disease re- 
sulting from recurrent severe rejection episodes from con- 
striction. In either case, the motion of the epicardial coro- 
nary vessels is typically quite constrained. Sometimes the 
distance between epicardial vessels and cardiac silhouette 
exceeds 5 mm, suggesting pericardial fibrosis. This obser- 
vation is possible along the posterior descending artery in 
the right anterior oblique projection, the obtuse marginal 
artery in the left anterior oblique projection, and the 
left anterior descending diagonals in the right anterior 
oblique projection. 

















































LEFT VENTRICULOGRAPHY 

Left ventricular angiography or left ventriculography 
may be performed safely when the creatinine levels are 
<2.0 to 2.5 mg%. Approximately 30 to 35 ml of contrast 
media injected at a rate of 10 ml/s is sufficient to opacify 
the ventricle fully. In almost every patient studied there is 
at least subtle evidence of myocardial stiffening, during 
both systole and diastole. This may be quite pronounced, 
resulting in a reduction of the ejection fraction, but, more 
specifically, ejection fraction remains normal while both 
the rate of contraction and relaxation are clearly im- 
paired. Once established in a given patient, the degree of 
impairment usually remains stable, although in a few 
patients, particularly children, decreased stiffening has 
been observed, whereas in other patients a gradual in- 
crease in stiffening may correspond with intercurrent epi- 
sodes of rejection. Rarely, segmental dysfunction secon- 
dary to vascular occlusion may be superimposed on the 
global pattern of stiffness just described. 


SUMMARY 

A unique pattern of coronary disease characterized by 
fibrointimal thickening develops early after cardiac 
transplantation. Although observed on microscopic sec- 
tions, it is relatively inapparent on routine arteriography. 
However, in later stages it can be detected as diffuse 
concentric disease that typically involves the distal vascu- 
lature. Angiographically discrete lesions reflect advanced 
atherosclerotic plaques often associated with thrombus. 
Occlusion of major coronary vessels and their branches in 
these patients with denervated hearts may result in fa- 
tigue, decline in exercise capacity, and even cardiogenic 
shock without chest pain or episodes of clinical infarction. 

Although occasional patients have had angioplasty of 
discrete lesions, this is not usually applicable to the dif- 
fuse process that develops in most patients. Transplant 
coronary disease is clinically silent, progressive, and an 
angiographically underestimated process affecting, to a 
varying extent, the coronary vessels of all transplant re- 
cipients. Customary risk factors for nontransplant coro- 
nary disease are poor predictors of transplant coronary 
disease. It appears that transplant coronary vascular dis- 
ease is the result of immunologically mediated endotheli- 
al injury, causing release of cellular growth factors aris- 
ing from platelets, endothelial cells, myoepithelial cells 
and fibroblasts. Some parallels have been drawn between 
the progressive coronary disease of transplant patients 
and the restenosis that occurs after coronary angioplasty. 
In both settings, a subintimal proliferative process trig- 


ed by endothelial injury occurs at an accelerated rate. 

r understanding and control of transplant coro- 

disease may be important, not only in enhancing 

transplant recipient survival but also in improved knowl- 

edge regarding the pathogenesis of nontransplant athero- 
sclerosis and restenosis after angioplasty. 


REFERENCES 


oe Registry of the International Society for Heart ‘Transplantation. Fourth Offi- 


cial Report. J Heart Transplant. 1987;6.63-67. 
2. Gao SZ, Schroeder JS, Hunt S, Stinson EB. Retransplantation for severe 


accelerated coronary artery disease in heart transplant recipients. Am J Cardio 
1988/62:876-881 


. 3. Guthaner DR, Schnittger I, Wright A, Wexler L. Diagnostic challenges folk 


ing cardiac transplantation. In: Cardella JR, Amplatz K, eds. The: Radiol 
Clinics of North America, Philadelphia: WB Saunders, 1987:367-376. 

4. Gao SZ, Alderman EL, Schroeder JS, Silverman JF, Hunt SA. A 
coronary vascular disease in the heart transplant patient. JACC 1988, 4 

5. Gao SZ, Schroeder JS, Alderman EL, Hunt SA, Silverman JF, Wi edethold V, 


Harrison DC. Coronary ‘artery spasm in the denervated P anspta ed human 
heart: a clue to underlying mechanisms. Am J Med 1981;70: 1144 0. ; 


THE AMERICAN JOURNAL OF CARDIOLOGY SEPTEMBE! 








Contrast-Associated Nephropathy 





George A. Porter, MD 





‘© Contrast nephropathy can be defined as an acute 
impairment of renal function that follows exposure 
to radiocontrast materials and for which alternative 
explanations for renal impairment have been elimi- 
nated. Based on reported studies, the incidence of 
contrast associated nephropathy (CAN) varies from 
-O to 22%. This wide variation can be traced to dif- 
ferences in study design and the criteria used to 
‘designate significant renal impairment. Irrespective 
of the exact incidence, 2 defined risk factors have 
been identified: preexisting renal disease and dia- 
betes mellitus. Whereas preexisting renal insuffi- 
ciency is the single most influential risk factor for 
CAN, when diabetes coexists the incidence ap- 
proaches 100%. 

The clinical presentation of CAN is distinct, hav- 
ing a temporal relation between the performance of 
the contrast study in the high-risk patient and the 
onset of an increase in serum creatinine levels with- 
in the next 24 hours. Serum creatinine values 
greater than 50% of baseline or rising 1 mg/dl or 
more is diagnostic. The peak serum creatinine level 
occurs within 3 to 5 days of the contrast study and 
-oliguria is associated in approximately 30% of the 
_ cases. Monitoring serum creatinine is the most use- 

ful clinical procedure in high-risk patients after an- 
- giography. At least 5 potential pathophysiologic 
-mechanisms of CAN have been proposed: interfer- 
ence with renal perfusion, altered glomerular perm- 
selectivity, direct tubular injury, intraluminal ob- 
struction, and immunologic mechanisms. Support 
for each mechanism, either singularly or in combi- 
nation, can be found in published reports; however, 
none has achieved universal acceptance. 

The single most important clinical axiom regard- 
~ing the prevention and management of CAN is, “Al- 
ways use the least invasive diagnostic procedure 
available.” In patients with prestudy serum creati- 
-nine levels >2 mg/dl, preventing dehydration and 
interprocedure hydration using a solution of 20% 
mannitol containing furosemide has been advocat- 
ed; this is in addition to volume-for-volume replace- 
ment of urine volume with half-normal saline solu- 
use the hypertonicity of renal contrast 
al has been shown to have adverse effects on 
amics independent of chemical com- 
new low osmolality and nonionic contrast 
ve been introduced. However, conclusive 
to support their lower nephrotoxic poten- 
issing. : 
Ae (Am J Cardiol 1989;64:22E-26E) 
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acute impairment of renal function that fol- 

lows exposure to radiographic contrast ma- 
terials and for which alternative etiologies for renal im- 
pairment have been excluded.” ! To date, at least 5 mech- 
anisms for the pathophysiology have been proposed. 
Studies have produced supportive evidence for each of 
these, either singly or in combination, but the data remain 
inconclusive. 


66 Crs nephropathy may be defined as an 


INCIDENCE OF CONTRAST- 
ASSOCIATED NEPHROPATHY 

The incidence of contrast-associated nephropathy 
cal) varies from 0 to 22% based on both retrospec- 
tive? and prospective studies.4-!! This wide variation can 
be traced to differences in design among studies as well as 
differences in criteria for significant renal impairment. 
For example, most of the studies limit the postprocedure’ 
observations to 48 hours or less,'* despite the fact that 
serum creatinine values peak between days 3 and 5 after a 
study.!? The criteria for designating significant renal im- 
pairment are highly variable, with changes in serum cre- 
atinine values varying between 20 to 50% over baseline, 
whereas absolute increases may be as little as 0.3 mg/dl 
to the more common 1.0 mg/dl. The influence of chang- 
ing the serum creatinine criteria for inclusion into the 
nephrotoxicity range can be appreciated from the recent 
report of Parfrey et al.!° With use of an increase of >50% 
from baseline, the incidence of nephrotoxicity in a group 
of patients with impaired renal function was 4%, whereas 
reducing the limit to an increase of >25% in serum creati- 
nine levels tripled the incidence (12.9%). 


INCIDENCE STRATIFIED 
ACCORDING TO RISK FACTOR 

Studies from the early seventies often ignored the 
contribution of risk factors. However, that is no longer the 
case, since current studies reporting the incidence of 
CAN clearly recognize the contribution of risk factors.! 

Risk factors that have been defined and agreed upon 
include preexisting renal disease and diabetes mellitus. 
Potential risk factors include: dehydration, multiple my- 
eloma, dose of contrast media, injection site, ionic content 
of contrast agent, hypertension, proteinuria, peripheral 
vascular disease, age older than 60 years, type of proce- 
dure, coexisting nephrotoxic drugs and congestive heart 
failure (Table I). According to Berkseth and Kjell- 
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more than 90% of reported cases of CAN occur 
e setting of renal insufficiency. In 55% of the patients 
. ‘renal insufficiency (serum creatinine >2 mg/dl), 
eported by Teruel et al,’ a significant increase in serum 
“creatinine levels developed after angiography, whereas in 
42% of the patients with impaired renal function, report- 
ed by Martin-Paredero et al,? deterioration of renal func- 
“tion developed after the procedure. In a prospective study 
using multivariant analysis, D’Elia et al“ found that of the 
8 potential risk factors evaluated, only preexisting azote- 
“mia (serum creatinine >1.5 mg/dl) was significant (Ta- 
ble I). This prospective study involved 378 consecutive 
patients undergoing nonrenal angiography. Using a clini- 
‘cal risk model to which they applied odds ratio for analyz- 
_ ing 13 potential risk factors, Cochran et al3 found that in 
a patient with underlying renal disease, CAN was 6.6 
- times more likely to develop. This was more than twice 
the risk of the next most significant factor, proteinuria. 
However, when the contribution of other risk factors was 
> -studied by Taliercio et alf in patients with preexisting 
renal insufficiency (23% incidence of increased serum 
"creatinine >1 mg/dl after the procedure in 139 patients 


| with preexisting renal disease), low output class 4 conges- 


tive heart failure, multiple contrast studies, and insulin- 
‘dependent diabetes all contributed to the incidence of 
“CAN. The additive effect of risk factors was examined by 
Cochran et al,3 who noted a 35% increase in CAN fre- 
quency between the presence of 2 vs 3 risk factors in the 
__ same patient. This is similar to the observations of Swartz 
-etal.3 The coexistence of diabetes and renal insufficiency, 
at least as defined by an increased serum creatinine level, 
markedly increases risk of CAN.'*!5 For example, in 


"patients with renal insufficiency whose serum creatinine 


level is 1.5 to 4.5 mg/dl, the risk of CAN is 2.5 times 
“greater for a diabetic than a nondiabetic, whereas at a 
serum creatinine level >4.5 mg/dl, the incidence of CAN 
approaches 100% in a diabetic, while the incidence in the 
nondiabetic is only 60%. Although Parfrey et al!° report- 
ed a much lower incidence, they did show a similar risk 
ratio for diabetic patients with renal insufficiency under- 
going contrast study, i.e.; 8.8:1.6 = 5.5 times. The contri- 
bution of renal contrast media (RCM) is important. Re- 
cently, Cramer et al® compared the changes in serum 
creatinine in 2 groups of patients undergoing computed 
tomography scan of the head with and without contrast 
enhancement. For the group receiving RCM, a signifi- 
cant serum creatinine abnormality of 2.1 was recorded, 
whereas in those without RCM the incidence was 1.3%. 
There were substantially more patients with renal insuffi- 
ciency in the noninfused group (26 of 233, 11.2%, vs 8 of 
193, 4.2%), but these findings still indicate that RCM is 
not the only contributing insult in such studies. Although 
other factors have been evaluated, the 2 risk factors most 
important with regard to CAN are preexisting renal in- 
sufficiency with or without diabetes mellitus.!216 


: CLINICAL PRESENTATION 
-There is usually a clear, temporal relation. between 
forming a contrast study in a high-risk patient and the 


TABLE I Risk Factors—Contrast-Associated Nephropathy 


Factor (+)* 





Reference: 4 5 2 3 7 8 


Risk Factor No. of Pts.: 378 139 400 266 124 109 


Renal insufficiency 
Diabetes 
Congestive heart 
failure 
Hypertension 
Vascular disease 
Proteinuria 
Abnormal liver 
function test 
Type of RCMt 
Amount of RCMt 
Site of study 
No. of studies 
Age 
Gender 
* + = p <0.05; — = p >0.05. 
t RCM = renal contrast media. 


Last column (fractions) denotes number of + risk factors over total number of sk : 
factors evaluated. 








onset of CAN within 24 hours. Usually CAN is defined — 
as a change in serum creatinine of equal to or greater tha 

50% of the baseline or an increase of 1 mg/dl. The peak 
serum creatinine occurs within 3 to 5 days of the study,'? 
and oliguria is uncommon, although it has been recorded 
in up to 30% of cases.> Urinary sediment often contains 
many formed elements; however, it is an insensitive mark- 
er and of little diagnostic value:* Although fractional | 


excretion of sodium is often low in patients with CAN, it 


again is of little diagnostic or prognostic value because 


many of these patients recover without clinical sequelae. `- 


However, in a recent review of drug-induced acute renal 
failure, the Society de Nephrologie!” reported that 12.6 
of their case reports involved CAN, but one-third of that 
group had permanent impairment of renal function, in 
many cases requiring dialysis. This study classified 60% 
of the 50 patients with CAN as having acute tubular 
necrosis, whereas the remaining 40% were classified as 
having interstitial nephritis. CAN is princip lly a di 

sis of exclusion and is rarely the single cause of 

renal failure, as was highlighted by the findings o 
mussen and Ibels! where CAN was a contributing 

in 15 patients, i.e., 10% of patients with acute ren: 

ure, but the sole insult i in only 1 patient. The higher the - 
prestudy creatinine level, the greater will be the change i 
serum creatinine if CAN develops.’ D'Elia et al‘ evaluat- 
ed the sensitivity, specificity, predictive accuracy and p 
dictive error for 3 poststudy parameters used in the dia 
nosis of CAN. At 24 hours, the nephrogram had an 83% 
sensitivity and a 93% specificity, but only a 19% predic- 
tive accuracy. At the other extreme was urinary sediment. 


abnormalities, which were only 60% sensitive but 100% 


predictive and 100% specific. Thus, there is a need to 
monitor serial serum creatinine levels in high-risk pa- 
tients, especially. if 3 or more risk factors are pr: 
(Table 1). ; eo 
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PATHOPHYSIOLOGY 

At least 5 potential mechanisms of CAN have been 
proposed: interference with renal perfusion, altered glo- 
merular perm-selectivity, direct tubular injury, intralu- 
minal obstruction, and immunologic mechanisms. Sup- 
port for each mechanism, either singularly or in combina- 
tion, can be found in published reports; however, none has 
achieved universal acceptance.” 

Interference with renal perfusion: After the direct 
injection into the renal artery of either hypertonic radio- 
contrast agent or hypertonic saline, a biphasic renal blood 
flow response occurs.!? The transient vasodilatation and 
proportional increase in renal blood flow are followed by 
a prolonged vasoconstriction with an associated decline in 
renal blood flow that correlates positively with the osmo- 
lality of the injected solution. One of the mechanisms 
proposed as a mediator of the RCM-induced vasocon- 
striction of the renal vascularity is activation of the renin- 
angiotensin system. Unfortunately, in most cases, only 
renin activity has been measured with postulation of a 
system activation.”° Recently, Workman et al?! assayed 
both angiotensin II and the prostacyclin (PGL) metabo- 
lite 6-keto-PGF|, in dogs given RCM. No significant 
change in angiotensin II was detected, while 6-keto- 
PGF, declined substantially, leading the researchers to 
speculate that suppression of PGI, rather than activation 
of renin-angiotensin, contributes to the RCM-induced 
attenuation of renal function. The interaction between 
the renin-angiotensin system and the renal prostaglandin 
system has been implicated in a study of contrast media- 
induced acute renal failure in an animal model reported 
by Vari et al.2? After 1 week of a low-salt diet, New 
Zealand white rabbits consistently experienced acute re- 
nal failure after the combined administration of meglu- 
mine iothalamate and indomethacin. A >50% reduction 
in glomerular filtration rate occurred during the first 72 
hours after treatment, followed by complete recovery at 2 
weeks. Thus, a combination of stimulated renin-angioten- 
sin system coupled with blockade of prostaglandin pro- 
duction was necessary for acute renal failure to develop, 
because neither alone resulted in a significant or sus- 
tained reduction in glomerular filtration rate. These ob- 
servations in the animal model may have a corollary in 
the clinical situation. Recent insights into the mechanism 
of renal adaptation during ischemia provide a framework 
for reevaluating the pathophysiology of CAN.?3 Two par- 
allel responses have been postulated to occur during the 
pre-prerenal failure phase; they include the processes of 
autoregulation and hormonal modulation. The latter may 
be the key to unraveling the mechanism by which CAN 
develops. Both angiotensin II and vasopressin act as sys- 
temic vasoconstrictors to overcome reduced systemic per- 

< fusion. However, their action on the kidney results in 
increased preglomerular vascular resistance and a decline 
in filtration rate. Modulation of this response occurs 
through the stimulation of renal prostaglandin produc- 
_. tion. These vasodilator substances modulate the vasocon- 

-striction and restore the filtration capacity of the kidney; 
however, as previously noted, Workman et al?! showed a 
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precipitous decrease in prostaglandin production during 
contrast injection. Thus, in patients with a stimulated 
vasoconstrictor/vasodilator response (i.e., relative renal 
ischemia, as could occur in diabetic nephropathy, chronic 
renal failure and congestive heart failure), the interrup- 
tion of prostaglandin production associated with contrast 
media would convert the patient’s status from pre-prere- 
nal failure to prerenal failure. 

Katzberg et al?* compared the effects on renal func- 
tion of the renal injection of RCM to that of norepineph- 
rine. Because of the differential effects on both renal 
blood flow and glomerular filtration rate induced by the 2 
agents, these investigators proposed that RCM exerts its 
effect by an increasing intrarenal pressure rather than 
changes in vasoactive substances. Renal vasoconstriction 
is a unique response to RCM, since other vascular beds 
undergo vasodilatation. There is recent speculation that 
the vasoconstriction associated with RCM may be calci- 
um-mediated, because pretreatment with calcium antag- 
onists signficantly attenuates the vascular constrictive re- 
sponse.”> An additive effect of RCM on renal blood flow 
could involve a change in rheology caused by altered red 
blood cell morphology due to exposure to contrast me- 
dia.” Finally, additional shunting of blood flow from the 
cortex to the medulla has been reported, and this would 
contribute to renal ischemia.?’ 

Altered glomerular perm-selectivity: Using state-of- 
the-art techniques for concentrating and identifying uri- 
nary proteins, Nicot et al? demonstrated a transient but 
highly significant (55 times baseline) increase in filtered 
proteins in humans after injections of RCM. This was 
associated with only a modest impairment of the tubular 
reabsorption of low-molecular-weight proteins and a 
small increase in the excretion of the urinary enzymes, N- 
acetyl-beta-glucosamide and alanine aminopeptidase. 
These investigators speculated that contrast media could 
alter the distribution of electrical charges along the glo- 
merular-filtering membrane and thus promote protein- 
uria. Consequently, this massive flow of protein into the 
tubules could result in tubular injury. Similar observa- 
tions have been reported in canine experiments”? linking 
the massive, transient post-RCM proteinuria with in- 
creased glomerular permeability. Despite increases in 
urine albumin that average 1,300 times control, light and 
electron microscopy failed to reveal any glomerular or 
tubular abnormalities. 

Direct tubular injury: The most frequently cited evi- 
dence for direct tubular injury associated with RCM is 
the enzymuria, either brush border or lysosomal in origin, 
which regularly follows their injection.3°-36 Unfortunate- 
ly, to date none of the enzymes assayed has provided site- 
specific evidence of tubular injury, and they are consid- 
ered by some investigators to be too sensitive and not to 
correlate with confirmed cell damage. The documented 
decrease in para-aminohippuric acid extraction is com- 
patible with tubular cell damage,*’ although other expla- 
nations have been advanced.*® Whereas the histologic 
vacuolization found in renal biopsy specimens is persua- 
sive evidence supporting tubular injury, these lesions are 





t unique to RCM, because they have been reported 
ifter the injection of numerous hypertonic solutions.*? 
Experimental support for direct tubular toxicity comes 
from studies involving renal cell energetics after exposure 
to either diatrizoate or meglumide, or both.*° With use of 
proximal tubules isolated from rabbits, either a diatrizo- 
ate or iopamidol dose effect was evident when combined 
with concomitant hypoxia. Interestingly, the degree of 
cellular injury was greater with diatrizoate than with 
iopamidol at equimolar concentrations. In essence, al- 
though interruption of cell respiration and subsequent 
`: interference with adenosine triphosphate and other inter- 
¿© cellular constitutents was observed, no mechanism for the 

«cell injury was established. 

- 'Intraluminal obstruction: The concept of intraluminal 
obstruction of the nephron, one of the postulated mecha- 
nisms of experimentally induced acute renal failure, is an 
-outgrowth of observations regarding the occurrence of 
CAN in patients with multiple myeloma. Disappointing- 
ly, no correlation has been defined between contrast- 
induced proteinuria and subsequent renal insufficiency,” 
although it is well established that transient proteinuria 


often occurs after renal arterial injections of contrast 


agent. One area of intense study has been the chemical 
interaction between Tamm-Horsfall glycoprotein and 
“contrast media.4! Whereas such interaction is well docu- 
mented, confirmation of its clinical significance in CAN 
is lacking. Evaluating patients undergoing intravenous 
urography, Dawnay et al“? found that the Tamm-Hors- 
fall glycoprotein:creatinine ratio in the urine decreased in 
15 of 19 patients, while the amount of precipitable 
-Tamm-Horsfall glycoprotein in the urine declined signifi- 
-= cantly. It is also noteworthy that other forms of intralu- 
-=€ minal obstruction have been postulated, including the 


-interaction between oxalate or urate and contrast media. 


Unfortunately, when evaluated in the clinical setting, nei- 
ther of these has proved significant. 

Immunologic mechanisms: Hypersensitive reactions 
to contrast media may occur. The principle support for 
this hypothesis comes from the Societé de Nephrologie 
study, which assigned 40% of CAN cases to the category 
of acute interstitial nephritis. 


PREVENTION AND MANAGEMENT 

~The single most important clinical axiom regarding 

the prevention of CAN is to always use the least invasive 
iagnostic procedure available. Furthermore, in patients 

‘who are at risk for CAN to develop, one should confirm 

that the information to be derived by the contemplated 


< contrast study will materially contribute to management 


decisions. 

For patients with serum creatinine levels equal to or 
greater than 2 mg/dl, Berkseth and Kjellstrand! recom- 
mend the following preventative measure: (1) Using a 
solution of 500 ml of 20% mannitol to which 100 mg of 
furosemide is added for each milligram per deciliter se- 
rum. creatinine, a 20-ml/hour infusion rate is started 1 

r before the radiographic procedure and is continued 

ninterrupted until 6 hours after completion of the study. 


(2) Urine output is replaced milliliter for milliliter, using 
a 0.45 normal saline in 5% dextrose in water to which 30. 
mEq of potassium per liter is added. These measures 


should be instituted in addition to insuring that no patient 


has a study initiated when he or she is volume depleted. 
Because the hypertonicity of RCM has been shown to 
have adverse effects on renal hemodynamics independent 
of chemical composition,** several new low osmolality 
and nonionic contrast media have been introduced in the. 
recent past. Using dogs, Katzberg et al*? showed an at- 
tenuation of the expected vasoconstrictive response in the 
renal circulation when low osmolality, nonionic contrast 
media (LORCM) are substituted for high osmolality ion- 
ic contrast media. Additional encouragement comes from 
the reduced albuminuria reported with iohexol, one of 
these new agents.*4 Finally, Cavaliere et al? found that 
when iopamidol (a LORCM) was compared with diatri- — 
zoate (an ionic agent with high osmolality) in patients 
with renal insufficiency, enzymuria was significantly re- 
duced when the nonionic, low osmolality agent was used. 


Evans and Cutler* reviewed 12 clinical studies evalu-. - ao 
ating the effect of LORCM on the kidney and results did 


not support the position that LORCM were less nephro- 
toxic than conventional RCM. As they pointed out, the 
study populations were small and results to date seem 
inconclusive if one uses the change in serum creatinine as | 


a parameter for judging the occurrence of CAN. Recent- _ 


ly, Schwab et al*> conducted a prospective study compa: 
ing the incidence of CAN using a nonionic agent (iopami- ~ 
dol) with an ionic agent (diatrizoate). Of the 443 patients 2 


studied, only 36% fell into recognized risk categories, ie, 


diabetes, heart failure, or serum creatinine >1.5 mg/dl. 
In high-risk patients, the incidence was 17% with the . 
ionic compared with 15% with the nonionic contrast me- 
dia, an insignificant difference. This study has 2 prob- 
lems: the first is the short postprocedure follow-up of 48. 


hours, and the second is the lack of a sufficient number of 


high-risk patients enrolled. However, if one uses differ- 
ences in enzymuria as a marker for CAN, then evidence 
supporting reduced renal toxicity with LORCM has been © 


reported in some studies,?2-3° whereas in other studies no ~ 


difference in enzymuria was evident.“ Experimental _ 
studies using either a canine renal ischemic model*® or 


rats or rabbits receiving bolus doses of RCM*? provid oo 


support for LORCM having renal effects that are mit 
way between high osmolality RCM and control in 
tions. However, until a large randomized study is under- 
taken, a definite answer with regard to the relative bafety 
of LORCM will not be available. Cen eee 


SUMMARY 


The single most important risk factor for developing : a 


CAN is renal insufficiency. The incidence increases in 
the presence of coexisting diabetes. Although the: cause of — 
CAN is unknown, clinical evidence suggests that it is 
multifactorial and involves preexisting stimulation of- 
both the renin-angiotensin and prostaglandin systems. In 

patients at definite risk, generous hydration and the sub- _ 
stitution of nonionic, low osmolality contrast agents 
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should prove beneficial. However, in all cases risk will be 
minimized by choosing the least invasive test. 
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E ohing Applications of Coronary Angioplasty: 
, echnical and Angiographic Considerations : 


George W. Vetrovec, MD 


Coronary angioplasty (PTCA) is now applicable to 
-selected patients with multiple vessel disease, total 
-. occlusions, tandem lesions and complex branch dis- 
ease. Operator experience and skill contribute to a 
high success rate in complex anatomy, but equally 

important is appropriate case selection based on 
angiographic review of lesion morphology, 
branches, extent of coronary artery disease, and 
left ventricular function. Likewise, during and after 
the procedure similar angiographic assessment is 

important to determine resultant lesion morpholo- 

, branch anatomy, distal runoff, and adequacy of 
lesion dilatation. Thus, the outcome of angioplasty 
is dependent on the operator’s ability to opacify the 
- coronary arteries with minimal or no vessel /lesion 


` overlap or foreshortening. Although coronary angi- 


-ography has become more routine for many angi- 
ographers with the advent of angioplasty, the im- 
portance of high-quality angiography continues to 
be a major component for successful angioplasty. 

(Am J Cardiol 1989;64:27E-—32E) 
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nary angioplasty (PTCA) 12 years ago,' striking 

technical advances have expanded the potential ap- 
plications of angioplasty to patients with more complex 
coronary vascular disease. However, despite major t 
nical improvements, there remains a significant clin 
learning curve?» that relates to the skill and experience of 
the operator. Furthermore, success not only relates to the | 
techniques of balloon and guidewire manipulation but | 
appropriate evaluation of patients before and after an 
plasty regarding appropriate patient selection and foll 
up. Continuing investigations have shown that patien 
with complex coronary disease are amenable to succe: 
ful angioplasty. However, not all patients are candidate: 
for angioplasty, and high-quality angiography is im] 
tant to establish characteristics predicting a fave 
outcome. 

This report discusses the expanding applicati 
routine and complex coronary angioplasty, particul 
with regard to important anatomic considerations in se- 
lecting appropriate candidates. In addition, the signifi- — 
cance of myocardial function as a consideration in patient — 
selection will also be discussed. Finally, the importance of 
high-quality technical and angiographic skill required 
achieve excellent success in complex disease is ah = 
sized. ; 


C S ince the advent of percutaneous transluminal coro- 


CORONARY ANATOMIC CONSIDERATIONS | 

In the early days of coronary angioplasty experience, 
certain anatomic and clinical features were considered 
predictive of a lower success rate for dilatation.'+ These. 
factors included female gender, angina of longer dura- 
tion, left circumflex stenoses, distal lesions; as. well 
eccentric lesion morphology and coronary calcificat 
However, more recent studies have suggested such fa 
tors are less important in determining angioplasty 
cess. For example, preliminary reports from the Multi 
Hospital Eastern Atlantic Restenosis Trial (M = Heart), 
which primarily sought to assess the potential efficacy 
high-dose, single-administration steroids to prevent reste- 
nosis, provided a significant data base relative to factors 
determining angioplasty success.° In this trial, 860 pa- 
tients (663 men, 197 women, mean age 59 years, range 31 
to 85 years) underwent coronary angioplasty. Forty-nine 
percent of the patients had angina for <3 months, 30% _ 
had angina 3 to 12 months before PTCA, whereas 21% 
had angina for >12 months. Seventy percent of patients. 
were in class II or IV of the Canadian Heart Associa 
classification. Twenty-four: percent of the patients id. 
prior myocardial infarction. 

In this trial,> a total of 1,072 lesions were dila 
in the anterior descending distribution, 21% in 
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cumflex, and 25% in the right coronary distribution. Cal- 
cification was reported in 13% of lesions and eccentric 
disease was present in 53%, whereas 8% had angiographic 
evidence of local thrombus. Ten clinical and 9 anatomic 
features were analyzed before and after PTCA including 
age, gender and race, along with duration and severity of 
angina, prior myocardial infarction, presence of rest angi- 
na and transient ST-segment elevation. Anatomic fea- 
tures included the artery and site of dilatation along with 
artery size, and stenosis severity and length. Translesion 
gradient, eccentricity, calcification and coronary throm- 
bus were also analyzed. Of these features, only 2 were 
significantly predictive of angioplasty outcome. There 
was a significantly lower success rate of 76% for patients 
with 99 and 100% stenoses, compared with an 87% suc- 
cess rate for 90 to 99% lesions, and 93% success for all 
other attempted lesions. Likewise, lesion calcification was 
associated with a lower success rate, the difference being 
92% for noncalcified lesions vs 81% for calcified lesions (p 
0.001). The only other factor potentially affecting out- 
come was the presence of coronary thrombus. The suc- 
cess rate was 6% lower for patients with angiographic 
evidence of lesion-associated coronary thrombus (92 vs 
86%), but this difference was not significant (p = 0.11). 

Thus, lesion morphology, location and patient demo- 
graphics appear to be of less significance in predicting 
angioplasty success with current technology. Based on 
these data, liberalization of the types of lesions selected 
forangioplasty is appropriate. 

Multiple vessel disease: Complex coronary angio- 
plasty, defined as anything other than dilatation of a 
discrete arterial obstruction, is much more frequently 
performed. For example, in the last several years, over 
two-thirds of patients undergoing angioplasty at the 
Medical College of Virginia have complex disease includ- 
ing tandem lesions, branch disease, nonacute total occlu- 
sions and multiple vessel disease. Table I summarizes 
potential uses of coronary angioplasty. Of particular in- 
terest is angioplasty for patients with multiple vessel dis- 
ease. Earlier reports suggested a slightly higher complica- 
tion rate and perhaps slightly lower success rate for multi- 
ple vessel disease,®” but with improved skill, equipment 
and patient selection, the success rate for multiple vessel 
< disease is now comparable to that of single vessel disease. 
- In major centers, clinical success rate exceeds 90% (dila- 
tation of the primary lesion and in most instances success- 
il dilatation of- secondary lesions, as well with clinical 
aprovement).®° Major complications, i.e., death, urgent 
surgery and a infarction, occur in approximate- 
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ly 3 to 4% wm of patients. However, many reports of multiple. 
vessel disease have included a major single arterial system 
with branch disease in a secondary system. Recently, 
DiSciascio et al? at the Medical College of Virginia 
reported the outcome of true 3-vessel cor 
plasty in SO patients. Patients were careful 
include only those whose individual major 
amenable to dilatation. Selection generally excluded pa- 
tients in whom most of the functional myocardium was. 
potentially compromised by complex collateral filling - 
through the target artery. In this report, the overall lesion — 
success rate was 94%, with a clinical success rate of 100%; 
i.e., the major artery being successfully dilated. Five pa- 
tients had small non-Q-wave myocardial infarctions. 

This study illustrates that appropriately selected pa- 
tients with multiple vessel disease (3-vessel disease) can 
effectively and safely undergo revascularization with cor- 
onary angioplasty. However, careful selection to identify 
the primary and secondary lesions for potential safe and 
successful dilatation is important under anatomic: cir- - 
cumstances in which a single lesion/vessel supplies most- 
of the functional myocardium, making a single lesion — 
equivalent to a left main stenosis. Thus, in properly select- 
ed patients, multiple vessel angioplasty is an alternative to 
bypass surgery. z 

Complex branch disease: We have previously report- 
ed the effect of dilatation on lesion-associated branches, 
demonstrating that the risk to the lesion-associated _ 
branch is related to the presence of associated ostial _ 
branch disease.'! In patients without ostial branch dis- 
ease, the risk of adverse outcome to the branches was 4%, 
whereas the risk of branches that have associated ostial 
disease or contiguous disease between the primary lesion 
and the branch is 27%. Thus, in patients undergoing 
dilatation with major branches arising within the primary = 
stenosis, branch protection becomes important when 
there is associated ostial branch disease. However, — 
branches arising outside the area of dilated stenosis but. - 
within the area of the balloon inflation are at minimal risk 
for any adverse outcome.!? 

Thus, techniques have been developed to provide ac- 
cess or alternate or simultaneous balloon inflations, ora- 
combination of these, involving primary arterial stenoses. 
with major diseased branches.'3.!4 These techniques con- 
tinue to evolve in response to improved technical equip- 
ment. With larger 8Fr or 9Fr guiding catheters, simulta-. 
neous dilatation or lesion access, or both, can be obtained | 
using a single guide catheter. Dual guide catheter inser- 
tion and simultaneous inflations have frequently been 
necessary for dual balloon access (Fig. 1). With the ad- 
vent of smaller profile balloons, particularly with lower: 
shaft sizes and the non-over-the-wire systems plus large 
bore-guiding catheters, it has become increasingly easy to 
protect significant branches while successfully dilating — 
both lesions with a single guiding catheter approach. 

Nonacute total occlusions: As experience with coro- 
nary angioplasty has evolved, greater success has been 
achieved in nonacute total occlusions. Success rate is 
clearly dependent on estimated length of time of total. . 
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sion.'5:!6 For recent occlusions (usually defined as 
<7 days), the success rate is clearly that of nontotal 
occlusions. Conversely, for more chronic stenoses, al- 
_ though still potentially treatable even up to the years after 
- presumed occlusion, the success rate is substantially less. 
In more than 250 patients undergoing nonacute total 
occlusion dilatation at the Medical College of Virginia, 
success rate for nonacute total occlusions was nearly 
90%, only slightly lower than that for nontotal lesions. 
‘The most important predictive factor for success is 
whether a wire can traverse the stenosis. If a guidewire is 
oss the lesion, the stenosis can almost always be dilat- 
ed. The risk of urgent surgery for nonacute total dilata- 
ons is low, because most of these arteries are well collat- 
eralized. Urgent surgery is necessary only if dilatation 
~ involves occlusion of a large adjacent branch or another 
+ nontotal vessel system being dilated. 
-= One interesting facet of angioplasty for nonacute total 
occlusions is restenosis. In our experience,!® clinical re- 
currence rates are significantly higher for nonacute total 
occlusions than for nontotal lesions. Clinical restenosis for 
onacute total occlusions is approximately 30%, whereas 
yur center the recurrence rate for nonacute total occlu- 
ns is approximately 20%. Restenosis seems particular- 
ly more common for recent total occlusions. 
‘Thus, nonacute total occlusions are potentially dilat- 
able with.a somewhat lower success rate but only mini- 
mally reduced for patients with evidence of recent total 
occlusion. The risk or need for urgent surgery is low. 
‘However, the recurrence rate seems to be somewhat in- 
“creased. 


APPLICATION OF ANGIOPLASTY TO 
MYOCARDIAL FUNCTION 

ischemic left ventricular dysfunction: There is con- 
siderable interest regarding the potential reversibility of 





‘FIGURE 1. Complex branch angioplasty using dual balloons and guiding catheters. Left panel illustrates a severe bifurcational 
stenosis. Middle panel shows simultaneous dual balloon inflation. Right panel demonstrates an excellent angiographic result. 
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stunned or hibernating myocardial dysfunction. In pa- 
tients with recent unstable angina, the extent of left ven- 
tricular function is often much greater than the extent of 
later chronic dysfunction, provided ischemia is eliminat- 
ed. Furthermore, the extent of left ventricular dysfunc- 
tion is a predictor of adverse outcome!’ Thus, there is 
much greater emphasis on revascularization in the man- 
agement of coronary artery disease in patients with evi- 
dence of ongoing ischemia but with abnormal left ventric- 
ular function. 

Unstable angina: In a recent report,!® we evaluated 
the effect of successful angioplasty on acute left ventricu- 
lar function in patients with stable and unstable angina. 
Both underwent successful single vessel dilatation and 
had no history of myocardial infarction. The patients 
with stable angina had normal resting left ventricular 
function at the time of dilatation, which did not-change 
after successful angioplasty. In contrast, patients with 
recent unstable angina (although without symptoms dur- 
ing the previous 24 hours) had a significantly lower rest- 
ing ejection fraction than did the stable group, again 
despite no prior myocardial infarction. However, mean 
ejection fraction levels became normal after successful 
dilatation of the unstable patients. Likewise, depressed 
segments within the distribution of the dilated arteries 
had the greatest improvement after successful dilatation. 
These findings demonstrate the frequently observed de- 
pression of ventricular function seen in unstable angina as 
well as the importance of revascularization for normaliz- 
ing depressed function in patients with unstable angina. — 

A recent study,!? using echocardiography before and = 
after PTCA, showed a significant improvement in wall ~ 
motion abnormality in patients who had preexisting de- 
pression of left ventricular function. Most of these pa~: 
tients had prior myocardial infarction but ongoing isch- . 
emia. Thus, in patients with depressed ventricular func- 




















































ith ‘evidence of ischemia, t ihe potential for re- 


< oversing ventricular function is substantial. This reflects a 
change in our approach to patients with coronary artery 
disease in which previous indications frequently excluded 
patients with severe left ventricular dysfunction. 
Percutaneous transluminal coronary angioplasty af- 
ter cardiac transplantation: In the first year after cardiac 
transplantation, the major risk to morbidity and mortali- 
ty is acute rejection or infection related to immunosup- 
pression, or both. Although rejection continues to be a 
chronic problem, in later years after transplantation, a 
major contributor to organ failure is the development of 
coronary vascular disease.*° This occurs in 2 types: small 
vessel, distal diffuse disease and a more proximal disease 
that angiographically appears similar to a more typical 
atherosclerotic obstructive coronary disease. The small 
vessel disease may occur earlier, whereas the proximal 
disease most frequently occurs several years after trans- 
plantation. Because transplanted hearts remain dener- 
vated, patients clinically experience no ischemic pain and, 
thus, many present with myocardial infarction manifest- 
ed only as fatigue, shortness of breath, or electrocardio- 
graphic changes of recent infarction, or a combination. 
A study from the Medical College of Virginia?! re- 
ports success in dilating patients with heart transplants 
with proximal, major vessel coronary artery disease. 
Eight procedures were performed in 5 patients in an 
attempt to extend the longevity of the transplanted hearts 
while awaiting either repeat transplantation or to im- 
prove the clinical outcome for the patients. To date, the 
overall outcome has been good after dilatation for these 
patients, although in 1 patient with very aggressive vascu- 
_ lar disease, the effect of angioplasty was simply to extend 













1: TABLE H Percutaneous Transluminal Coronary Angioplasty: 
¿Technical Considerations—Significance of Angiography 








~-Lesion morphology before angioplasty 
Results /splits / morphology after angioplasty 
Branch anatomy, disease 

Additional lesions 





the function of the heterosraft long ah to perm 
repeat transplantation. 

In summary, cardiac transplant recipients represent 
unique group of patients who may benefit from angic 
plasty revascularization to extend the usefulness of th 
transplanted heart. 








TECHNICAL CONSIDERATIONS FOR 
SUCCESSFUL ANGIOPLASTY 

Excellence in coronary angiography is an impòrtan 
component for successful angioplasty. In contrast to pre 
operative angiography for coronary artery bypass sur 
gery, preangioplasty angiography is even more importan 
to define lesion anatomy as well as significant branc] 
disease. Table II indicates the specific information 
learned from angiographic lesion morphology. 

Lesion morphology: An important aspect of lesioi 
morphology is recognition of the presence of coronar: 
thrombus. For example, we have reported? that the pres 
ence of lesion thrombus, either before or immediatel 
after successful dilatation suggests an increased risk o 
acute closure immediately after angioplasty. Acute clo 
sure soon after initial successful coronary angioplasty i 
also frequently associated with recent unstable angina o! 
myocardial infarction, or both, in the dilated lesions 
which is not unexpected based on current understanding 
of the pathophysiology of these clinical syndromes (Fig 
2). In addition to thrombus, flow compromising dissec: 
tion can produce acute occlusion, although in our experi- 
ence this seems to occur much less often, possibly basec 
on the high incidence of patients with unstable angine 
undergoing angioplasty in our institution. In patients clin- 
ically and angiographically defined as high risk for early 
occlusion, angiographic observation for 10 to 20 minutes 
after the procedure is useful, since 80% of our patients 
had acute occlusion within the first 15 minutes after 
dilatation. The use of sequential angiography allows the 
operator to identify a potential acute closure before it 
occurs, reducing the probability of uncontrolled occlusion 
that might result in emergency coronary bypass surgery 
or infarction, or both. Repeat dilatation is frequently 
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FIGURE 2. Angiographic findings seen in. 
patients with acute closure. Note the inci- 
dence of “splits” or dissections is not sig- 
nificantly different from that for successful 
dilatations without acute closure. post = 

after; pre = before. ; 











closure recognition to enhance procedure outcome. 

“hese results underscore the importance of identify- 
ing pre- or post-PTCA lesion morphologic changes of 
thrombus or major dissection, or both. Careful identifica- 
tion by appropriate views and excellent opacification is 
yery important for adequate angiography to support dila- 
tation procedures. 










AP cranial Mid-LAD, proximal diagonal 


RAO cranial Mid-LAD, proximal diagonal 
LAO caudal Ramus, proximal circumflex 
LAO (shallow) Proximal midmarginal 





AP = anterior posterior; LAD = left anterior descending; LAO = left anterior oblique: 
RAO = right anterior oblique. 










FIGURE 3. Example of usefulness of later- 
al right coronary artery (RCA) view for as- 
sessing lesion morphology before (Pre) an- 
į compared with more traditional 
- views. LAO-CR = left anterior oblique- 
cranial; LAT = lateral; PTCA = percutane- 
_ ous transluminal coronary angioplasty; 
RAO = right anterior oblique. 










IGURE 4. Lateral 








suc ssful, further emphasizing the importance of early 








Special angiographic views: Although most physi- 
rforming angioplasty are very familiar with angi- 
oplasty views, certain views can be very helpful to assess 
specific coronary segments. Tables III and IV illustrate 
useful views for specialized segments of the right and left 
coronary arteries. 

For example, the lateral view of the right coronary is a 
less frequently used projection for right coronary artery 
dilatations but is frequently useful to define midvessel 








Mid-RCA, “totals” 
Proximal RCA, “tortuous” 
PDA-PLB bifurcation 


AP = anterior posterior; LAO = left anterior oblique; PDA-PLB = posterior descend- 
ing artery~posterior lateral branch; RCA = right coronary artery. 


Lateral 
LAO caudal 
AP cranial / caudal 


e view of right coronary artery (left panel) and left coronary artery injection (middle panel) illustrates the abili- ; 
to assess length of total occlusions and any evidence of possible channel. Right panel is a lateral view of right coronary artery - 
immediately after percutaneous transluminal coronary angioplasty, demonstrating an example of the result. 
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_ branch anatomy, as well as lesion morphology before and 
-after dilatation.” Figures 3 and 4 illustrate the usefulness 
-of the lateral view, particularly for midvessel lesions even 
in total right coronary occlusions. 
__. Visual opacification: Adequate opacification is an im- 
- portant aspect of lesion assessment before, after and dur- 
ing angioplasty. The use of higher flow guiding catheters, 
particularly with smaller shaft balloon catheters, allows 
much better visualization during the angioplasty proce- 
dure. Figure 1 also illustrates the circumstance in which 
use of over-the-wire extension of dual wire access of the 
anterior descending and diagonal branches removing the 
balloon from the guiding catheter allowed excellent opac- 
ification, identifying an inadequate result after alternate 
balloon inflations. This prompted dual balloon inflations. 
After the so-called “kissing balloon” technique, there was 
an excellent angiographic result again illustrated while 
the wires are still in place. Using small shaft balloons or 
extension wires, or both, to decrease resistance to contrast 
injection allows improved lesion assessment before re- 
moving guidewire access. 


SUMMARY 

_ Excellence remains an important component of angio- 
plasty. Complex coronary angioplasty is not only possible 
but also quite feasible provided appropriate selection fac- 
tors are considered. Individual lesions are much more 
amenable to angioplasty than in the past, although extent 
of viable myocardium at rest remains an important con- 
sideration. 

_ With use of well-defined selection criteria, angio- 
plasty for very complex coronary artery disease is ever- 
expanding. With greater applicability to a variety of ana- 
tomic conditions, coronary angioplasty represents a rea- 
sonable substitute for bypass surgery in increasingly 
complex anatomy. 
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M 3 nagement of High-Risk Coronary Angioplasty - 


Carl L. Tommaso, MD 





Many advances have been made in the decade 
since Dr. Andreas Gruentzig performed the first 
percutaneous transluminal coronary angioplasty. 


| "The technique, which started out as a nonsurgical 


revascularization procedure for 1-vessel disease, 


has spread to use in multivessel disease and acute 


myocardial infarction. 
-o Over the last several years, a number of refine- 
“ments have made angioplasty safer. These tech- 
niques/devices have been applied to high-risk pa- 
tients. to allow angioplasty to be performed safely. 


High-risk patients include those with large amounts 


of myocardium at jeopardy from a single target le- 
sion and those patients with reduced left ventricu- 
“Jar function. The techniques/devices that enhance 
„safety include: (1) the use of a perfusion balloon 
catheter, (2) infusion of oxygen-carrying sub- 
stances to the distal coronary artery, (3) coronary 
< sinus retroperfusion, (4) intraaortic balloon pump 
support, and (5) supported angioplasty. 
Am J Cardiol 1989;64:33E-—37E) 
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indications for the procedure have been broadly 
expanded. Original indications for angioplasty 
were patients with 1-vessel disease and good ventricular 
function.! As angioplasty became easier to perform, with 
the advent of operator experience and new equipment, the 


A s coronary angioplasty enters its second decade, 


procedure was expanded to include patients with mul- : 


tivessel disease in which 2 or more vessels were suitable 
for dilatation. o 
Certain patients, however, fall into the category af 
high risk. This report will define patients at high risk 
during coronary angioplasty and discuss appropriate 
management strategies. ; 


PATIENTS AT HIGH RISK E 
The factors determining risk of percutaneous translu- 
minal coronary angioplasty (PTCA) can be divided into 2 
groups: anatomic risks and those due to clinical parame- 
ters. Anatomic risk refers both to location and morpholo- 
gy of the target coronary region. Anatomic factors in- _ 
clude those that indicate the technical feasibility of dilat- 


ing a lesion, such as the eccentricity, branch points, 


calcification, length of the lesion and tortuosity of the 


vessel, and these factors relate to. the success of angio- ~~ 


plasty rather than the risk to the patient. Data from the 


National Heart, Lung, and Blood Institute (NHLBD 


PTCA registry suggest that in the hands of a skilled 
operator, these factors play a small role in determining es 
success.” 


The amount of myocardium supplied by a single tar- oe 


get lesion is probably the single most important anatomic 
risk predictor. Abrupt closure of a vessel supplying large - 
amounts of myocardium is.the substrate that may cause 

abrupt hemodynamic collapse. To date, there has not 
been a significant accumulation of data on how to define 
large amounts of jeopardized myocardium and assess. 


risk. Part of the reason may be the difficulty of objectively i. a 


measuring jeopardized myocardium. : 

A recent study suggests that a number ae clinical ch 
parameters define low- vs high-risk patients.? In this 
study, low-risk patients had a procedure-related mortali- 
ty of 0.2 to 0.3%. A number of clinical variables increased - 


the procedural risk by up to 50 times. Factors such as left 


main coronary dilatation, left main equivalent dilatation, 
ejection fraction less than 40%, age greater than 70 years, = 
dilatation of all 3 vessels, combined diagnostic catheters 
ization and angioplasty for unstable angina, and angio- 

plasty for acute myocardial infarction were found to have 


a marked increase in procedural risk (Table I). Data from ~ 


the NHLBI Registry also suggest that reduced left ven- 
tricular ejection fraction (LVEF)* and age? also pose 
risk. 
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Risk Ratio 





Risk of CABG— 
CASS* 
(%) 






Whole 
Group 


Low 
Risk 







Total Group 












Low risk 
High Risk 
LMCA 3.4 5.9 15.6 5.6? 
EF <40% 2.9 3.9 10.8 2.5 
LMCA 2.6 3.8 10.4 
equivalent 
Age >70 years 1.4 2.6 7.9 






All'3 vessels 











* Operative mortality from Kennedy et al. Circulation 1981:63. 793-802. 

t LMCA stenosis >75%. 

CABG = coronary artery bypass surgery; CASS = Coronary Artery Surgery Study; 

EF = ejection fraction; LMCA = left main coronary artery. 
Adapted from Am J Cardiol? 









TABLE lf Left Main Coronary Artery Percutaneous 
Transluminal Coronary Angioplasty 








































CABG Death Mi 
(%) (%) (%) 
16.7 Months 12 28 4 
Protected 12.5 
Unprotected 56 
3 Years 
Protected 13 
Unprotected 











- 60 
CABG = coronary artery ee grafting: Mi = myocardial infarction. 
Adapted from Am J Cardiol. 


Angioplasty of the left main coronary artery was one 
of the original contraindications to PTCA. Gruentzig 
-i believed that although left main angioplasty was feasible, 
-restenosis was frequently heralded by sudden death.6 
Stertzer et al’ introduced the concept of protected left 
main stenosis, stating that if 1 or more bypasses or collat- 
erals to the left coronary artery were present, the risk of 
angioplasty was reasonable and it could be performed. 
Recent data suggest a 3.9% angioplasty-related mor- 
tality i in patients with left main coronary artery stenosis.* 
-At 16.7 months follow-up, Hartzler et al? found a 56% 
+ -mortality in patients with an unprotected left main coro- 
- Mary artery compared with a 12.5% mortality in patients 
- with a protected left main stenosis. Three-year survivor- 
ship in patients with protected left main stenosis was 87%, 
compared with 40% in unprotected patients (Table II). 
_.. Therefore, in the absence of a randomized trial, it still 
appears | that unprotected left main coronary artery steno- 
= sis is a contraindication to angioplasty. Although the 
procedure risk may be acceptable, the long-term results 
are less than promising, certainly when compared with 
$ PTCA of unprotected left main coronary 
i, artery stenosis should probably be considered only in the 
very symptomatic ‘ “inoperable” patient. 
: Left main equivalent stenosis has been defined as a 
< greater than 70% stenosis in both the left anterior de- 
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scending artery before the first septal perforator and i 
the circumflex artery before any branches.3 The mortal 
ty in this group of patients is 2.6%. Other groups the 
might be even at higher risk include patients with a targe 
lesion in a vessel supplying collateral circulation to anoth 
er chronically occluded vessel or patients in whom a singl 
lesion is the only patent vessel. No data are available o; 
the risk of PTCA in these patients. 

Poor left ventricular function remains a significa 
risk factor at the time of angioplasty. Hartzler’s dat: 
report a 2.7% procedural mortality in patients. wit! 
LVEFs less than 40%. The NHLBI PTCA registry als: 
found an increased risk in patients with LVEFs less tha: 
50%.4 Although this risk is high compared with low-ris 
angioplasty, it is still in line with that of patients undergo 
ing coronary bypass surgery with similar left ventricula 
function. 

Another risk factor for procedure-related mortality i 
age. In a group of 1,038 patients older than age 70 years 
procedural rate mortality was 1.4%.’ This, however, ma’ 
be less than the risk of coronary bypass surgery in tha 
age group as reported in the Coronary Artery Surger: 
Study, which was 7.9%.° Further studies are necessary ti 
assess univariate vs multivariate risk stratification in pa 
tients undergoing PTCA. 

At the University of Maryland, the following criteri: 
define high-risk angioplasty: (1) severe or unstable coro: 
nary disease with technically approachable lesion(s), anc 
(2) a single target lesion supplying greater than or equa 
to 60% of myocardium, or (3) LVEF less than 30% 
These criteria are based on our belief that an acute occlu 
sion in these situations is likely to produce profound he 
modynamic consequences that would probably make i 
unfeasible to transport a patient safely to an operating 
room for surgical revascularization. 

During PTCA, particularly in patients with large 
amounts of jeopardized myocardium, balloon-inflatior 
time may be limited by hemodynamic instability. 


MANAGEMENT OF HIGH-RISK ANGIOPLASTY 

In the course of recent years a number of intervention: 
have been used to minimize the ischemic insult as a resul: 
of angioplasty. These interventions can be either pharma- 
cologic or mechanical. Pharmacologic interventions have 
been systemic or regional (Table III). 

Although many of these interventions are designed tc 
make high-risk angioplasty safer, application of some ol 
these to routine low-risk angioplasty may be useful in 
altering restenosis rates and in management of abrupt 
closure. Another advantage is that some of these inter- 
ventions may have the ability to buy time and allow more 
flexible coordination of operating room and PTCA 
schedules. 


PHARMACOLOGIC INTERVENTIONS 

Systemic administration of 8 blockers or vasodilating 
agents has been shown to be effective in reducing myocar- 
dial ischemia during angioplasty. Feldman et alë used 
systemic propranolol which was effective in reducing the 





Methods of Approach to High-Risk Percutaneous 


Pharmacologic 

Systemic 

Regional 

Perfusion balloon catheter 
Mechanical 

IABP 

Coronary sinus retroperfusion 

Supported angioplasty 


po IABP = intraaortic balloon pump. 


magnitude and preventing or delaying the onset of isch- 
_ emia in 60% of patients. As suspected, systemic adminis- 
-tration of 8 blockade appeared to reduce myocardial oxy- 
gen demands, thus delaying ischemia. 

Intravenous administration of calcium channel block- 
ers has been effective in approximately 70% of patients. 
‘Feldman et al,? during transient balloon inflation, sug- 
gested that calcium channel blockers may limit myocar- 

-dial demand and enhance collateral flow. 
The usefulness of regional myocardial protection has 
‘also been demonstrated. Regional myocardial protection 
has been implemented using a pharmacologic agent in- 
fused through the balloon catheter to the distal bed to 
preserve myocardial function and reduce myocardial 
ischemia during angioplasty. The advantage of regional 
myocardial protection is that it allows small doses of 
pharmacologic agents to be delivered to appropriate seg- 
ments of the myocardium. A disadvantage is that the 
esion must be crossed with a balloon catheter in order to 
-deliver the agent. In some angioplasty systems, the cen- 
tral lumen has been reduced or eliminated to reduce 
atheter profile, and thus not all catheter systems would 
lend themselves to regional protection. 
~~. Zalewski et al!®!! used intracoronary propranolol 
during PTCA. In a control vs placebo group, the time to 
ischemia increased by 2.5 times and ST-segment eleva- 
tion was halved in patients receiving intracoronary 6 
blockade. Since no changes of heart rate or blood pressure 
`- occurred, the effects are probably due to reduction in 
regional contractility. Similarly, regional cardiac protec- 
` tion with calcium channel agents has also been used? 
able IV). 
_ The infusion of autologous blood through the balloon 
catheter has also been attempted.'?-?3 This also involves 
ossing the lesion. Use of whole blood because of the 
potential of hemolysis with subsequent potassium release 
and platelet disruption has raised concern, particularly in 
ight of the high perfusion pressures that would have to be 
“used. However, to date several studies have shown that 


<. this technique is feasible and perhaps advantageous, al- 


though there is difficulty in obtaining oxygenated autolo- 

gous blood. Contralateral femoral artery blood or renal 

vein blood have been used with success. An autoperfusion 

balloon catheter currently under investigation may over- 
come this problem. A catheter designed by Stack et al? 

ide holes-on the shaft of the catheter 10 cm from the 

Rep dyg 50 to 60 ml/min of blood will ‘pass from 


TABLE IV Systemic Myocardial Protection 


Effective (%) Mechanism 


{O02 demand 
‘Collateral flow 
102 demand 


| = decreased: | = increased. : 


B blockers 
Calcium blockers 


the relatively high proximal coronary bed to the distal 
coronary bed across the lesion. Preliminary data suggest 
that the catheter can be used for prolonged inflations (14 - 
to 31 minutes) in an attempt to “bail in” patients with 
abrupt closure, and with prolonged inflation (30 minutes) _ 
salvage the procedure. Reportedly, no symptoms occur 
during this prolonged inflation.” 

A significant amount of data has accumulated on the ~ 
use of oxygenated fluorocarbons ina similar manner, 2426. 
The advantage of oxygenated fluorocarbons is that they 
are 50% as viscous as blood; thus, perfusion pressures are 
not as much of a problem through most catheter systems. 
The agent most often used is Fluosol DA-20®. Use of this 
agent has been shown to reduce the degree and onset of- 
ST-segment deviation and preserve wall motion when 
examined by 2-dimensional electrocardiography. Unlike 
the oxygen dissociation curve for blood, the curve for 
oxygenated fluorocarbons is linear, limiting the oxygen- 
carrying capacity to approximately 5% volume. To date sue 
no adverse effects have been apparent. a 


MECHANICAL INTERVENTIONS 
Research has demonstrated effective myocardial 
preservation in the cardiac venous system as well as in the 


coronary artery. To date a number of groups have used a 


coronary sinus intervention. Several techniques are avail- 
able once the coronary sinus has been entered.?7-? _ 
Synchronized retroperfusion of the coronary s 
volves the use of electrocardiographic, synchroniz 
troperfusion of arterialized blood during diastole, allow- 
ing for normal physiologic drainage during systole. This 
method involves delivery of brachial or femoral arter 
blood into a catheter placed on the coronary sinus. Di 
stolic autoinflation of a retroperfusion balloon catheter 
can produce a brief phase obstruction of the coron 
sinus that facilitates the retroinjection of blood (or 
pharmacologic agent). 
Pressure-controlled intermittent coronary sinus occlu- 
sion involves a balloon placed into the coronary sinus. The _ 
balloon is inflated for a sufficient period of time to allow. 
venous pressures to reach equilibrium. Deflation the 
occurs to allow for drainage. This method appears. 
facilitate delivery of residual saturated oxygen and wash- 
ing out of accumulated toxic materials. These methods 
have been used in patients undergoing coronary bypass 
surgery and high-risk angioplasty. 
A number of centers have used intraaortic balloon 
pump (IABP) support during coronary angioplasty? 
Most angiographers are familiar with the IABP and have | 
performed PTCA in patients who have been placed | on 
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IABP for heart failure: or to control ischemia in patients 
` requiring PTCA. Many centers have also used the [ABP 
~ prophylactically in patients undergoing PTCA. IABP is 
recommended in patients?: with moderate to severe left 
ventricular dysfunction; during PTCA of any remaining 
patent artery; during PTCA of unprotected left main 

stenosis or protected left main stenosis with moderately 
depressed left ventricular function; with anterior infarc- 
tions, elevated left ventricular end-diastolic pressure or 
extensive wall motion abnormalities; and with uncontrol- 
lable hypotension during PTCA. 

At the University of Maryland, we have developed a 
technique for high-risk angioplasty called supported an- 
gioplasty.3!-3” This involves the use of a percutaneously 
inserted cannula through the femoral vein to the right 
atrium. Right atrial blood is then pumped out, warmed, 
and returned to a cannula which is placed in the femoral 
artery. When this technique is used with 20Fr cannulas in 
excess of 5 liters/min, circulatory support can be ob- 
tained. 

Supported angioplasty has been used in patients un- 
dergoing “very-high-risk” angioplasty, and patients un- 
dergoing aortic valvuloplasty. Current indications at our 
institution include patients with: (1) severe stable or un- 
stable angina, (2) LVEF <30%, or (3) a single target 
lesion supplying 260% of left ventricular myocardium. 

With use of techniques devised by Shawl et al,38 the 
cannula can be inserted and removed percutaneously. 
The device has been used to provide 3.5 to 5.5 liters/min 
of flow. This marked degree of unloading supports the 
circulation during balloon inflation of the left main coro- 
nary.artery for several minutes or across the aortic valve 
in valvuloplasty for 5 minutes. During supported angio- 
plasty, it appears that myocardial oxygen demands are 

„greatly reduced, while aortic diastolic pressure and coro- 
nary perfusion through the other coronary vessels remain 
adequate. In patients undergoing supported angioplasty, 
=> chest pain or electrocardiographic changes during bal- 
Joon inflation rarely develop. 
_. We have used supported angioplasty prophylactically 
` in high-risk patients with LVEF as low as 10% or less and 
with only a single patent vessel. In our experience, pa- 
tients have been dilated safely and the technique has 
substantially reduced anxiety in the operator. This expe- 
< rience has become part of a multicenter registry and the 
-data will be soon published. Supported angioplasty has 
also been used in emergency situations such as failed 
angioplasty, or in patients with mechanical complications 
-due to acute myocardial infarction. Vascular occlusion 
and bleeding have occurred. The frequency of these com- 

_ plications is no different whether the cannula is placed by 

vn or percutaneously. 

’xperience with supported angioplasty has reinforced 
r belief that the technique can be used expediently as a 
indby procedure in the catheterization laboratory for 
unsuccessful PTCA, unsuspected “crashes” and in high- 
risk patients. 


summary 


ber of methods and devices are emerging as 
e therapy in PTC -The advent of these will 
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allow expanded use of PTCA in high-risk patients as v 
as improvements in the routine management of low-r 
patients. 
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scular Applications of Nuclear Magnetic 
_ Resonance Spectroscopy 





Saul Schaefer, MD 





Nuclear magnetic resonance spectroscopy has 
great potential for defining noninvasively the meta- 
holic status of the heart and skeletal muscle. This 
technique uses the spin properties of certain nuclei 
_{such as phosphorus-31, hydrogen-1 and carbon- 
13) to measure high energy phosphates, intracellu- 
lar pH, lactate and glycogen. Animal studies have 
formed the basis for human investigations and have 
demonstrated well-defined changes in high energy 
phosphates during myocardial ischemia and reper- 
fusion, as well as in cardiomyopathies. Human 
studies have been limited by issues of sensitivity 
and localization, although techniques such as rotat- 
ing frame, depth-resolved surface coil spectrosco- 
py, image-selected in vivo spectroscopy and spec- 
troscopic imaging have been used to acquire phos- 
phorus-31 spectra from the human heart. The few 
human studies of patients with disease have dem- 
onstrated elevated inorganic phosphate peaks after 
‘myocardial infarction and abnormal phosphodiester 
peaks in patients with hypertrophic cardiomyopa- 
thy. Studies of patients with heart failure have 
shown that these patients acidify their peripheral 
muscles with exercise more easily than do control 
> subjects. Clinical application of nuclear magnetic 
resonance spectroscopy will depend on technical 
-advances and the demonstration of sensitivity of 
. metabolic changes with disease. 
(Am J Cardiol 1989;64:38E—4SE) 
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has great potential for noninvasively defining tt 

‘ metabolic status of the heart and skeletal muse! 

Using the inherent properties of certain nuclei, this tec] 
nique can determine the concentrations of compounds i 
various tissues, intracellular hydrogen ion concentratic 
(pH) and fluxes of important reactions. The purpose { 
this review is to provide an introduction to the principk 
of NMR spectroscopy and illustrate how this techniqu 
can be applied to the study of cardiac disease in human: 


Nive magnetic resonance (NMR) spectroscor 


PRINCIPLES 

The NMR experiment relies on the property of cei 
tain nuclei (such as hydrogen, phosphorus or carbon) t 
align themselves preferentially in one direction whe 
placed in a uniform magnetic field (Fig. 1), When thes 
nuclei are excited by a radiofrequency pulse at their resc 
nant frequency, they are tipped off axis. When the radic 
frequency pulse is no longer on, the nuclei relax back t 
their original orientation and, in the process, emit energ 
in the form of a radiofrequency signal called a free induc 
tion decay. This free induction decay is then detected an 
analyzed in terms of its various frequency component: 
This analysis, termed a Fourier transformation, display 
the relative signal intensity at each frequency as a func 
tion of shift from the resonant frequency (Fig. 2).! Thi 
display is called a spectrum and comprises a series o 
peaks, where the area of each peak represents the amoun 
of that compound (or compounds) in the sample. 

The ability to distinguish different nuclei in 1 or mort 
compounds depends on the different chemical environ 
ments of those nuclei, termed “chemical shift.” For ex 
ample, if a uniform sample with only | phosphorus nucle 
us in each molecule was studied (such as phosphocreatin: 
[PCr]), each phosphorus nucleus would have the sami 
chemical environment and the resulting spectrum wouk 
have only 1 peak whose area was a measure of the amoun 
of PCr in the sample. However, if a sample with multipk 
phosphorus nuclei in each molecule was studied (such a 
adenosine triphosphate [ATP]), the 3 phosphorus nucle: 
in the a, 8 and y positions of ATP would have differ: 
ent chemical and, importantly, magnetic environments. 
These magnetic environments would alter the local field 
and thus the resonant frequencies of the phosphorus nu- 
clei at each of the 3 positions. Thus, the spectrum would 
have 3 peaks, each one shifted in frequency and corre- 
sponding to the amount of that nucleus in the sample. The 
spectra are usually displayed in parts per million (ppm) 
rather than frequency, thus making the chemical shift 
independent of the magnetic field. 

Most chemical species have known chemical shifts 
and this knowledge aids in identifying peaks in a spec- 
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IRE 1. Randomly oriented nuclei with spin tend to align with an applied magnetic field (/ef?). When they are excited by a ra- : 
pulse at their resonant frequency (middle righ?), they release energy (right) that can be detected as a time-depen- 
contains information regarding. 


diofrequency 
_ dent signal called a free induction decay. This free induction decay 


the concentration and relaxa- 


n properties of the nuclei being studied. (Reproduced with permission from Principles of MR Imaging, Philips Medical Sys 


Ep trum. For example, in a phosphorus spectrum from a 
human heart (Fig. 3),? the 3 phosphates in ATP are 
~ located at approximately —16, —8 and —3 ppm from PCr 


<- (conventionally located at 0 ppm), whereas inorganic 


phosphate (Pi) i is located at approximately 5 ppm. Not 
seen in in vivo spectra are peaks from adenosine diphos- 
_. phate (ADP), which have similar chemical shifts as the y 
-and a phosphates of ATP, but which are present in much 
smaller quantities. In contrast, spectra acquired from 
protons or carbon are much more complex and peak 
identification i is more difficult. 
|. Another use of chemical shift is the determination of 
7 intracellular pH in samples. In the cell, there exist mono- 


ae valent and divalent forms of inorganic phosphate, with 
their distribution and chemical shift being sensitive to the 


intracellular pH. Because the position of PCr is not sensi- 
tive to pH, the chemical shift of the Pi resonance with 
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op from Principles of MR Imag- 
NBs portal Medical Systems.) 





respect to PCr is a marker of pH and can be monitored © : 


during interventions or in-disease states. ; : 
It should be noted that the NMR spectroscopy experi- 
ment is similar to the conventional NMR imaging (MRI) | 
experiment. The major differences between these modal- 
ities is that, in general, MRI uses fine spatial encoding to _ 
define the density and relaxation characteristics of pro- 
tons in a slice or volume (resulting in an image), wherea: 
spectroscopy uses very coarse spatial encoding, but ac- 


quires chemical shift information to separate different 
species in the sample. Also, the number of nuclei ina 
sample in phosphorus NMR spectroscopy ismuchsmall- 
er than the number of protons in an MRI experiment, 


thus creating requirements in the former for longer data 
acquisition times and higher field strengths. However, the. 
distinction between these modalities is blurring with th 
advent of methods to acquire chemical shift information 


Spectrum — 


frequency | 
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ages of phosphate compounds.* 


_ LOCALIZATION TECHNIQUES 
The clinical feasibility of cardiac NMR spectroscopy 
in humans will depend on (1) the ability to acquire spec- 
tra from a defined volume of tissue in a reasonable time, 
and (2) the demonstration of the sensitivity of the tech- 
niques to changes in cardiac pathophysiology and the 
specificity of the changes for different disease states. The 
approach to localization has focused on many techniques 
to acquire signal from a specified volume. The following 4 
have demonstrated clinical usefulness in different settings 
and each has its own strengths and weaknesses. At this 
time, it is difficult to determine the best technique for 
human studies. 
The rotating frame technique uses the varying radio- 
frequency field of the surface coil to provide localization.‘ 
_. Because this field falls off in intensity as one moves from 
-the surface coil, the nuclei at increasing distance from the 
coil experience a lower energy excitation. Knowledge of 
the relation between the radiofrequency pulse and dis- 
tance enables one to obtain spectra from discoid volumes 
parallel to the coil. This technique cannot spatially local- 
ize from an image, but must infer location from the 
appearance of the spectra. 
Depth-resolved surface coil spectroscopy® uses the 
_ . gradient field of the magnet to select a slice(s) of interest 
_ that has been chosen from an MRI. The surface coil is 
‘then used to excite the sample and receive the signal. 
Thus, localization along a plane can be determined before 
data acquisition. However, the profile of the surface coil 
< radiofrequency field is still used to determine the lateral 
boundaries of the volume being studied. 


nM 1,3 and the devel- 
p ging techniques to acquire 
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Image-selected in vivo spectroscopy’ can define tl 
volume of interest in 3 dimensions using gradients ar 
selective radiofrequency pulses. This rectilinear volume 
selected from an MRI obtained before the spectroscor 
examination. Although the volume selection of this teci 
nique is excellent, and its flexibility great within th 
bounds of the sensitive volume of the surface coil, it 
requirement for summation of 8 acquisitions makes 
sensitive to degradation by motion of the subject. Alsi 
only 1 volume at a time can be selected for data acquis: 
tion. a 

Spectroscopic imaging uses techniques similar t 
those in MRI. Conventional magnetic field gradients in 
to 3 dimensions encode volumes in a grid over the entir 
sensitive volume of the surface coil. The spectroscop 
experiment is performed after this encoding. The result c 
the experiment is a set of spectra corresponding to th 
different positions on the grid. Recently, this experimen 
has been modified to allow the reconstruction of spectr: 
from any point in the volume,‘ thus enhancing the flexi 
bility of the technique. Spectroscopic imaging does no 
spatially define the borders of each volume as well a 
image-selected in vivo spectroscopy, but is less sensitive ti 
motion artifact. In addition, metabolite maps can be re 
constructed from the suite of spectra and displayed in < 
manner similar to MRI. 


















































APPLICATIONS 

Normal myocardium: Most human studies to dats 
have focused on demonstrating the feasibility of acquir 
ing phosphorus-31 spectra using the aforementioned lo 
calization techniques.°"'! These studies have shown re 
producible values for the ratio of PCr to ATP (approxi: 
mately 1.3 to 1.5) using repetition times of 1-to-2 cardiac 
cycle lengths, a value slightly lower than the ratio oi 


FIGURE 3. A spectrum obtained 
from a human heart using im- 
age-selected in vivo spectrosco- 
py with i 


triphos- 
phate (ATP) (7,0,8), phosphocre- 
atine (PCr), inorganic phosphate 
(Pi), and the 2,3-diphos- : 
phoglycerate (DPG) of chamber ` 
blood are identified by their 
chemical shifts in parts per mil- 
lion (ppm). See text for details. 
(Reprinted with permission from 
NMR in Biomed.) 
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ro imately 2in amal studies.!? This point is impor- 
because the relative intensities of the peaks ina 
strum are.a function of the longitudinal relaxation 

eof each moeity compared with the repetition time. If 

€ petition time is not 5 times the longitudinal relaxa- 

tion time, that moeity will not relax completely between 
‘radiofrequency pulses and thus will provide a falsely low- 
- ersignal. If different phosphates have different relaxation 
< times (such as PCr and ATP), they will each be reduced a 


-different amount under these conditions and thus alter 


their ratio. Despite these factors, human cardiac spectra 
can be obtained with a reasonable degree of reproducibili- 
y in acquisition times of 10 to 20 minutes. 
~ The response of the heart to stress has only been 
tudied in humans at low levels of exercise,’ although 
-several investigators have addressed this question in ani- 
mal preparations. 12,14 Tn general, low levels of stress (such 
as exercise or pacing) have not produced observable 
changes in the concentrations of PCr or ATP, whereas 
greater stress! in an open-chest rat model has demon- 
“strated a reduction in PCr and changes in the rate of the 


| “creatine kinase reaction. Based on animal models, it is 


-expected that changes in myocardial metabolism will be 
“demonstrated in patients with cardiac disease. However, 
-achieving the appropriate stress in this setting (such as 
exercise, pacing or drug interventions) needs to be ad- 
dressed. In addition, the sensitivity and specificity of the 
_. metabolic response for any given disease state will require 
‘definition. 
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’ FIGURE 4. Representative phosphorus-31 magnetic reso- 
‘nance spectra of pig left ventricular myocardium during con- 


40 30 20 -20 


trol period (a), 10 minutes of ischemia (b) and 10 minutes of 


= reperfusion (c). Control spectrum is a 6-minute block average 
of 360 acquisitions, and both ischemia and reperfusion spec- 
` tra are 4-minute block averages of 240 acquisitions each. 
_ MPA = methyiphosphonic acid; PCr = phosphocreatine; PDE 
: phosphodiesters; Pi = inorganic phosphate; PME = phos- 

f ; PPM = parts per million. (Reprinted with per- 
mission from Am Heart 4 


Myocardial ischemia: The 
of regional myocardial ischemia due to coronary artery 
disease has been a major focus of animal studies. The — 
metabolic response to total coronary artery occlusion has 
been well characterized in several in vivo models.!517 As 


seen in Figures 4 and 5, PCr decreases rapidly with coros o 


nary occlusion, coupled with an increase in Pi. In this- 


study,!5 ATP levels were preserved for 20 minutes, ale 


though prolonged ischemia in other studies!® has resulted 
in a decrease in ATP. In addition, Rehr et al’? demon- 
strated that effective separation of acutely ischemic, nor- 
mal and infarcted myocardium could be obtained by ob- 
serving the relative concentrations of PCr, Pi and ATP. 


Myocardial infarction has only been studied in hu- z 
mans by Bottomley et al!? using depth-resolved surface _ 


coil spectroscopy. In a series of 5 patients with recent — 
myocardial infarction, depth-resolved surface coil spec-. 
troscopy revealed abnormal Pi peaks that were either _ 
transmural or endocardially displaced (Fig. 6). These 
data are consistent with the elevated Pi peak seen in 
animal models of infarction. 


In contrast to total coronary artery occlusion and tis- — 


sue infarction, ischemia resulting from partial stenosis of 


a coronary artery may be a more clinically important. _ z 


question, since this is a better model of the human situa- — 
tion of stable coronary artery disease. To investigate the _ 
response of high energy phosphates to graded myocardial ` 


ischemia, we used an open-chest porcine model of partial 


coronary stenosis.” When the ratio of PCr to Pi was- 


observed as a function of subendocardial blood flow inthe _ 


ischemic region, a close relation was found. Importantly, = 
PCr/Pi was reduced with only small (21%) reductions in _ 


blood flow, while PCr/ATP was maintained at control S : 


levels until a 50% reduction in blood flow.v was: achieved. 
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Therefore, for phosphorus-31 human studies of regional 
ischemia to be sensitive, accurate determination of the Pi 
~ peak must be achieved. 

Measurement of the Pi peak in a human cardiac spec- 
trum is difficult because the signal from the 2,3-diphos- 
phoglycerate of chamber and myocardial blood overlies 

-the Pi peak. To resolve the myocardial Pi peak, investiga- 
tors used several techniques in animal preparations, such 
as precise spatial localization, to exclude the chamber 
blood from the volume of interest,?! and special pulses to 

reduce the contribution of moving nuclei to the signal.22 

Ina human study, Luyten et al? used a combination of 

precise shimming (optimization of the homogeneity of 


Pcr Patient’s Quadriceps 
PCr/Pi=3.4 


Phosphorus-31 nuclear magnetic resonance spectra from quadriceps (a) and heart (b) of an 8-month-old infant girl 

opathy Note that in both her skeletal muscle as well as her heart she has a profound depression in her phospho- 
i phosphate (PCr/Pi) ratio. The abnormality in her skeletal muscle detected hy nuclear magnetic resonance was 
Solid line is computer-generated fit to data. Abbreviations as before. (Reprinted with permission from 
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~ FIGURE 6. Phosphorus-31 depth resolved surface coil spectroscopy spectra acquired at end systole in myocardial infarction. 
Cases 1 to 3 are shown in a, b and c, respectively. Spectra at bottom are epicardially displaced, while upper ‘spectra are dis- 
placed 0.5 cm endocardially. In c, the top spectrum was obtained 0.5 cm further posteriorly in the chamber of left ventricle. 
Magne resonance pulse repetition periods were 875 + 125 ms throughout and spectral acquisition periods were 6.1 + 0.1 

: minute in a, 4.7 and 7.5 minutes in b, and 3.7 + 0.3 minute for the bottom spectrum in c. Acquisition time increased to 6.7 mir 

utes in the top spectrum in c. PD = phosphodiesters; PM = phosphomonoesters; other abbreviations as in Figure 4. (Reprinted 

































the magnetic field) and proton decoupling (eliminating 
the coupling between the protons and phosphorus nucle 
in the sample) to observe myocardial Pi (Fig. 3). Thes: 
methods increased the resolution of the peaks and al 
lowed the closely spaced peaks to be resolved. Whethe: 
other methods can be used to detect myocardial Pi ir 
humans remains unanswered. 

Cardiomyopathies: Abnormalities in high energy 
phosphates have been demonstrated in animal models ol 
cardiomyopathy due to alcohol, Adriamycin™,”4 or the 
congenital cardiomyopathy in the Syrian hamster,2‘ 
whereas similar demonstrations in humans have beer 
accomplished in patients with congenital cardiomyopa- 
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(Cont) and patients with congestive heart 


- (ATP). (Reprinted with permission from 


je pophie cardiomyopathy?” and dilated cardio- 
28 In the first instance in humans,”6 the child 
massive cardiomyopathy and was examined with a 
surface coil placed on her chest. Her PCr/Pi ratio was 
abnormally low (Fig. 7) and, notably, returned to normal 
metabolic therapy. This particular examination was 
possible because of the child’s poorly developed muscula- 
ture and thus small contribution of skeletal muscle (with 
its higher PCr) to the overall signal. 
_- Abnormalities have been noted in some patients with 
Pe hypertrophic cardiomyopathy (Fig. 8).279 In a study by 
Rajagopalan et al?’ using the rotating frame technique, 1 
atient with concurrent congestive heart failure had an 
abnormal peak in the phosphodiester region but a normal 
Cr/ ATP ratio, whereas another patient had both abnor- 
malities. Four other subjects with hypertrophic cardio- 
myopathy had normal spectra, suggesting that a certain 
severity of disease was required to produce detectable 
‘abnormalities. In our studies using spectroscopic imag- 
ing,” 2 patients with hypertrophic cardiomyopathy had 
elevated phosphodiester peaks as seen by a high phos- 


1.00 


FIGURE 9. A display of the phosphodies- 
phosphocreatine (PDE/PCr) ratio of 
normal subjects and patients with a vari- 
_ety of global processes {hypertrophy due 
: , volume overload and hy- 
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e oaae tearing, There ae soir 
jects in each group with an elevated PDE/ 
‘PCr. ratio and no difference in mean value. 
NLS = normal subjects; PTS = patients. 
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IGURE. 10. Metabolic changes during 
ischemic exercise in control subjects 


failure (CHF). The patients with congestive 
heart failure 
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FIGURE 9, Heart porinan Fror a paie WD 
cardiomy: adenosine 
phosphocreatine shows abnormal peaks. The heights of the — i 


. PDE = phosphodiesters. 
sion from Ann NY Acad Sci.*7) 
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phodiester/PCr ratio. However, the range of phospho- 
_ diester/PCr in normal subjects was such that it is not 
-yet clear whether these values are truly abnormal (Fig. 

9). 

_. Dilated cardiomyopathies studied with spectroscopic 
imaging have also demonstrated abnormalities in phos- 
phodiesters.”8 In a study of 5 patients, the phosphodies- 
ter/PCr and phosphodiester /ATP ratios were abnormal- 
ly elevated compared wtih those in 6 normal subjects. 
These data, combined with the findings in hypertrophic 
cardiomyopathy, suggest a possible abnormality of mem- 
brane metabolism in some patients with cardiomyopa- 
thies. 

Transplant rejection: The early and noninvasive diag- 
nosis of transplant rejection to supplant endomyocardial 
biopsy has attracted the interest of investigators. Animal 
models of cardiac transplant rejection have shown that 
abnormalities in high energy phosphates occur either be- 
fore or concurrently with other signs of rejection.303! 
Extension of these findings to humans has been accom- 
plished by Herfkens et al?? in 34 studies of 13 transplant 
recipients. When compared with histologic findings on 
endomyocardial biopsy, the ratio of Pi/PCr tended to be 
a sensitive marker of rejection and occurred earlier than 
changes in proton tissue relaxation times. 

Skeletal muscle. metabolism: Phosphorus-31 NMR 
spectroscopy is ideally suited for studying the metabolism 
of peripheral muscles, because their bioenergetics change 
with exercise, and localization is easily accomplished by 
placing the surface coil over the muscle of interest. Cardi- 
ologists have addressed the problem of exercise intoler- 
ance and fatigue in patients with heart failure because 
these symptoms correlate poorly with conventional mark- 
ers of cardiac function.” 

> Massie et al,?4 in studies of finger flexion, showed that 
PCr declined more rapidly and pH declined to a greater 
extent in patients with heart failure compared with age- 
and size-matched controls. Furthermore, these changes 
were more indicative of a patient’s clinical status than 
more traditional measures of cardiac function such as 
ejection fraction. Under conditions of anaerobic exercise, 

_ these same investigators showed that patients with con- 

_ gestive heart failure had greater use of ATP for matched 
levels of work output (Fig. 10).35 

Other nuclei: As noted earlier, the NMR experiment 

can be performed on any one or more nuclei. Thus, al- 

though most of the work has been performed with phos- 
phorus-31 spectroscopy, other nuclei have been examined 
in many of the aforementioned conditions. For example, 

-proton spectroscopy of ischemic tissue samples has dem- 

_ onstrated elevation of mobile lipids in moderately but not 

severely ischemic zones,*© whereas carbon-13 studies of 

perfused hearts have given insight into metabolic path- 
ways.°’ Proton spectroscopy of the human heart has re- 

_ cently been performed, but its application to pathologic 

"sti is not been demonstrated. The recent develop- 

ment of h her field magnets for human spectroscopy 
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SUMMARY = 
The potential for NMR spectroscopy to aid in the 


understanding and diagnosis of cardiac disease is clear. 
However, the realization of this potential will depend on 


technical advances in instrumentation and pulse ses. 
quences to provide spatial localization and enhanced sen- 


sitivity. In addition, much work needs to be done to estab- 


lish the sensitivity and specificity of changes in NMR ` 


spectra in disease states. 
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My Di ardial Ischemia and Clinical Applications of 








Positron emission tomography (PET) uniquely per- 
mits the noninvasive study and quantification of re- 
gional rates of blood flow and metabolism in human 
myocardium. In myocardial ischemia, PET identi- 
fies the presence and extent of viability in dysfunc- 
tional myocardium and distinguishes it from irre- 
versible ischemic injury and scar tissue formation. 
Because metabolic markers have proved more ac- 
curate and reliable for identifying viability than 
conventional diagnostic approaches, PET has be- 
come increasingly useful for characterizing the se- 
:verity and extent of an ischemic injury and for as- 
signing patients with acute or chronic coronary ar- 
tery disease to the most efficacious treatment. 
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noninvasive evaluation and quantification of re- 

gional metabolic rates in human myocardium. 
This unique capability distinguishes PET from other ex- 
isting or emerging imaging methods that render high 
spatial resolution images of the human heart and its” 
structure, delineate its mechanical function, or provide 
estimates of regional myocardial blood flow. With its 
high temporal resolution capability, PET further permits 
measurements of rapidly changing tracer tissue concen-. 
trations and consequently of dynamic biologic processes. 
Three components account for this unique capability of 
PET: (1) The availability of a large number of positron- 
emitting tracers of blood flow and metabolism (Table 1); 
(2) a quantitative imaging capability that permits nonin- 
vasive measurements of activity concentrations in blood 
and myocardium after these radiotracers have been ad- 
ministered intravenously; and (3) based on the use of true 
tracers of blood flow and metabolism and on quantitative 
imaging of their concentrations in arterial blood and. 
myocardium, the in vivo application of tracer kinetic’ 
principles for estimating regional rates of blood flow and 
metabolism.!? 

Previous investigations have used PET to study hu- 
man myocardial ischemia. These studies demonstrated 
that an ischemic injury to tissue can be characterized by 
identification of metabolic activity as a fundamental pro- 
cess for sustaining life and processes critical for survival 
of tissue. Based on these observations, PET has been 
found clinically useful and often decisive for diagnosis 
and management of cardiovascular disease. These ac- 
complishments have prompted primary care physicians 
to request metabolic studies with PET when other diag- 
nostic tests fail to provide information essential for decid- 
ing between conservative and aggressive management. 
Accordingly, PET is becoming a unique and critical diag- 
nostic tool in the realm of clinical cardiology. This review 
will describe clinical investigations with PET in patients 
with coronary artery disease and application of PET find- 
ings to diagnosis and management. 


P ositron emission tomography (PET) permits the 


METABOLIC OBSERVATIONS IN HUMAN 
MYOCARDIAL ISCHEMIA 

Past investigations have tested the hypothesis that ; 
regional changes in substrate metabolism resulting from 
ischemia can be demonstrated accurately and noninvas- 
ively with PET and that such metabolic abnormalities in 
human myocardium identify myocardium as ischemical-_ i 
ly injured but viable. Further, PET studies have shown 
that identification of viable myocardium by metabolic 
criteria is superior to conventional approaches, that such 






abnormalities exist in patients with stable and 
le coronary artery disease early after an acute 
rdial infarction as well as after interventional or 
mtaneous coronary revascularization. Also, presence 
metabolic activity predicts the functional outcome af- 
er. therapeutic interventions. 
Metabolic activity as evidence of myocardial via- 
- bility: Initial PET studies in patients with coronary artery 
‘disease revealed several distinctly different patterns of 
_ regional myocardial blood flow evaluated with N-13 am- 
monia? and of glucose metabolism evaluated with F-18 
-2-deoxyglucose (FDG).*ć Segmental decreases in N-13 
‘ammonia concentrations were associated with either con- 
cordant decreases or normal or even augmented FDG 
ptake (Fig. 1 to 4).’ Defined by their operational terms, 
we postulated that such “blood flow-metabolism match- 
es” reflected irreversibly injured myocardium, whereas 
| “blood flow-metabolism mismatches” represented meta- 
 <bolically active and thus viable myocardium. This hy- 
| pothesis was tested in 17 patients with wall motion ab- 
| normalities at rest who were submitted to PET imaging 
before undergoing coronary artery bypass grafting 
: (CABG).8 Improvement of regional wall motion after 
_ surgery served as an independent criterion of myocardial 
~ viability. There were 73 dysfunctional myocardial re- 
gions. Sixty-seven were adequately revascularized. Of 
these, 25 (37%) revealed normal blood flow and glucose 
~ metabolism, and 16 (24%) decreased blood flow but pre- 
served glucose use. In the remaining 26 regions (39%), 
*~ both blood flow and glucose metabolism were decreased. 
When reevaluated 12 to 18 weeks after CABG, wall 
motion had significantly improved in 85% of segments 
with normal blood flow and glucose metabolism or with a 
|< blood flow metabolism mismatch, compared with only 
8% of segments with a blood flow metabolism match. 
Before surgery, wall motion scores were similar for seg- 
ments with matches and mismatches. They remained 
unchanged after surgery in segments with matches but 





TABLE ! Positron Emitting Tracers of Cardiac Positron 
Emission Tomography 








‘Blood flow 
0-15 water 
Rb-82 
N-13 ammonia 

. Substrate metabolism 
C-11 palmitate 
F-18 2-deoxyglucose 
C-11 acetate 


Fatty acid metabolism 
Glucose use 
TCA cycle activity, 
oxygen consumption 
Neural control 
F-18 metaraminol 
C-11 CGP 12177 
C-11 MQNB 
Protein synthesis 
C-11 leucine, phenylalanine, methionine 
Others 
. F-18 misonidazole 
Q-15' carbon monoxide 


Adrenergic innervation 
8-receptor ligand 
Muscarinic receptor ligand 


Hopoxic tissue 
Blood pool imaging 
Potassium pool 





aresearch compound; MQNB = methiodide salt quinucylinidy! benzylate; Rb 
ubi ium; TCA = tricarboxylic acid. 











significantly ieni in segments with presurgical mis: aE 
matches. Improvements in segmental function were als 


associated with improvements in global left ventricular 


function. In patients with 1 or less myocardial mismatch 
regions, left ventricular ejection fraction remained un- 
changed but significantly increased from 30 + 11 to 45 + 
14% (p <0.05) in those patients with 2 or more myocardi- 
al regions with blood flow metabolism mismatches. 
Features of blood flow metabolism mismatch: Subse- 
quent investigations compared the metabolic findings on 
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FIGURE 1. Positron emission tomography imaging in a n 
mal volunteer: 6 contiguous transverse cross-sectional images 
of F-18 2-deoxygiucose are depicted in a normal volunteer. 
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i: PET with other expressions of ischemici injury. A study in 
20 patients examined N-13 ammonia and FDG uptake i in 
‘myocardial regions with electrocardiographic evidence of 
transmural myocardial infarction.? There were 31 myo- 
cardial regions with chronic Q waves. Using circumferen- 
tial profile analysis techniques, PET revealed concor- 
dantly reduced blood flow and glucose utilization in only 
10 (32%) Q-wave regions. Uptake of both tracers was 
either normal or blood flow was decreased, but glucose 
uptake was preserved in the other 21 (68%) regions. Fur- 
thermore, PET uncovered additional abnormalities of 
blood flow and glucose metabolism in regions without 
evidence of infarction. Of the 52 non-Q-wave regions in 
these patients, 38 (73%) were normal on PET, 10 (19%) 
exhibited mismatches and 4 regions revealed matches. 
The same 31 myocardial Q-wave regions were further 
examined for a possible relation between the blood flow 
metabolism patterns on PET and the severity of segmen- 
tal wall motion abnormalities. Wall motion was graded 
by visual inspection of equilibrium radionuclide ventric- 


18FDG GLUCOSE 


-Plane 1 
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FIGURE 2. Evaluation of myocardial blood flow (MBF) and 





ulograms on a scale of 4, where O is normal and 4 equals 
dyskinesia. Wall motion was significantly better in Q- 
wave regions with normal blood flow and glucose use than 
in regions with reduced blood flow with and without 
concordantly reduced FDG uptake. Although regions 
with reduced blood flow but preserved glucose uptake 
tended to have better wall motion scores (2.17 + 0.81) 
than those with concordantly reduced blood flow and 
glucose uptake (2.69 + 0.59), this difference was not 
Statistically significant. Thus, lower blood flows were as- 
sociated with more severely impaired function, whereas 
segments with and without metabolic evidence of viabili- 
ty exhibited similar degrees of functional impairment. 
A possible relation between blood flow and glucose. 
use in ischemically injured myocardial regions was then 
explored.!° Reductions in blood flow generally correlated 
with reductions in metabolic activity when relative de- 
creases in N-13 ammonia uptake were compared with 
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FIGURE 3. Evaluation of regional myocardial blood flow and 
glucose use in a patient with coronary artery disease. Note the 
decreased blood flow in the anterior wall (arrow) and the pos- 
terolateral wall (asterisk arrow). Glucose use in the anterior 
wall (as seen on the right) is decreased in proportion to blood 
flow but is relatively well preserved in the hypoperfused pos- 
terolateral wall. Thus, positron emission tomography in this 
patient reveals a “blood flow metabolism mismatch” in the 
posterolateral regions of the left ventricular myocardium and a | 
“blood flow metabolism match” in the anterior wall. Abbrevia- 
tions as in Figure 2. 
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regional FDG concentrations. For example, FDG 
yas invariably present when blood flow was 40% 
iat in control myocardium. Conversely, in 
egments with N-13 ammonia concentrations equal to or 
s than 20% of that in control myocardium, FDG up- 
ke was reduced. However, this did not apply to seg- 
nts with N-13 ammonia concentrations between 20 
| and 40% of control, which were associated with either 
_ preserved or reduced FDG uptake. The findings, thus far 
| reported in only preliminary form, strongly suggest a 
-dependency of persistent metabolic activity on blood 
~ flow. Marked reductions in blood flow were associated 
ith loss of glucose metabolism, whereas only moderate 
- flow reductions were invariably associated with preserved 
cose use. However, this relation did not apply for mod- 
te to severe flow reductions that were associated with 
her loss or persistence of metabolic activity, suggesting 
at for this range rest blood flow alone does not distin- 
- guish between viable and nonviable myocardium. 

Comparison of metabolic and conventional indexes 
of viability: Other studies in patients with coronary artery 
- disease compared the clinical value of blood flow and 
metabolism PET imaging to stress thallium-201 (T1-201) 
redistribution scintigraphy (the current method of choice 
+ for identifying viability). The latter approach assumes 
that complete resolution of TI-201 defects seen early after 
tracer injection during physical or pharmacologic stress 
“or even at rest signifies viable myocardium, whereas 
= “fixed defects” identify nonviable myocardium. How- 
ever, several studies have reported that fixed defects can 
„revert to normal after coronary revascularization by per- 
| cutaneous transluminal coronary angioplasty (PTCA) or 
- CABG!'!.!? and have challenged the accuracy of fixed Tl- 
201 defects as a sign of irreversible tissue injury. These 
- investigations therefore examined the question of wheth- 
er fixed defects exhibited evidence of metabolic activity 
and furthermore whether blood flow and metabolic imag- 
ing would discriminate between viability and irreversible 
` injury more accurately than TI-201 scintigraphy." In 12 
patients submitted to Tl-201 stress and 4-hour redistribu- 
tion planar scintigraphy, there were 36 fixed defects, 11 
defects with partial redistribution and 4 defects with com- 
. plete redistribution on late imaging. On examination with 
» N-13 ammonia and FDG, all completely resolving de- 
- fects were normal on PET. However, of the 11 partially 
resolving defects, 64% were normal or revealed viability, 
whereas 36% revealed irreversible tissue injury on PET. 
In the 36 fixed defects, the PET findings were even more 
striking. Only 15 (42%) of the 36 defects were found 
irreversibly injured, whereas 58% revealed reduced blood 
flow at rest but preserved glucose use or were entirely 
normal on PET. 

These investigations were subsequently expanded 
with Tl-201 single-photon emission computed tomogra- 
phy (SPECT) imaging to compare findings on PET to 
_ findings with state-of-the-art conventional scintigraphy. 
In 26 patients with left ventricular dysfunction, SPECT 
Tl-201 redistribution imaging failed to perform signifi- 
y better than PET. Similar to the findings with pla- 
scintigraphy, PET revealed metabolic activity in 47% 
i defects and in only 65% of partially resolving 
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defects.'4 More recent studies with TI-201 SPECT imag- 
ing suggested that longer time periods (e.g, 24 to 48 
hours) may be required to attain defect resolution or to. 
achieve a detectable amount of tracer redistribution that _ 
would identify myocardium as viable.!> Prompted by . 
these findings, 14 patients studied with 24-hour Tl-201 
redistribution scintigraphy were examined by PET imag- 
ing. The PET findings failed to observe a significant 
improvement in performance of the modified Tl-201 
test.!6 Again, PET uncovered metabolic activity and thus 
viability in 53% of all 24-hour fixed defects and 61% in 
partially resolving defects at 24 hours. This study includ- 
ed patients with severely impaired left ventricular func- 
tion because these patients are most likely to benefit 
therapeutically from identification of viable myocardi- 
um. Although our observations do not negate the value of 
stress redistribution Tl-201 scintigraphy, they point out 
specific limitations, especially in instances of fixed TI-201 
defects. 

Positron emission tomographic investigations in 
congestive dilated cardiomyopathy: Earlier studies dem- 
onstrated heterogeneous uptake of C-11 palmitate in pa- 
tients with idiopathic dilated congestive cardiomyopa- 











































Plane 4 








$ Plane 5 a7 
FIGURE 4. Evaluation of blood flow and metabolism in a 






ventricular function. Five contiguous transverse cross-section- __ : 
al images are shown. Note the decrease in blood flow in the 
lateral and posterolateral walis which, on the F-18 2-deoxy- — 













“18 However, these studies did not directly compare 
blood flow with metabolism and, more specifically, to 
-= regional glucose use. To examine whether differences 
_ existed in the distribution of blood flow and glucose use 
between idiopathic and ischemic types of congestive car- 
- diomyopathy, 10 patients without and 11 patients with 
arteriographically documented coronary artery disease 
were studied with PET.!° Both patient groups were simi- 
lar in age, clinical symptoms, electrocardiographic find- 
ings, pattern of wall motion on echocardiography and left 
ventricular ejection fraction. All patients were studied at 
rest with N-13 ammonia and FDG. Circumferential pro- 
file analysis of the N-13 ammonia images revealed only 
small regions of moderately reduced N-13 ammonia up- 
take in patients with idiopathic cardiomyopathies unre- 
lated to vascular territories, compared with large defects 
with severely reduced tracer uptake in patients with isch- 
emic cardiomyopathy. Furthermore, these defects corre- 
sponded in location to vascular territories. The extent of 
ischemic segments (0.4 + 0.8 vs 2.5 + 2.0, p <0.01) and 
infarcted segments (0.1 + 0.3 vs 22.4 + 1.4, p <0.001) 
was significantly smaller in nonischemic than ischemic 
cardiomyopathies. Thus, while blood flow and glucose 
use were found to be rather homogeneous in idiopathic 
congestive cardiomyopathy, ischemic congestive cardio- 
myopathies characteristically revealed large confluent 
and more severe reductions in blood flow that corre- 
-sponded to vascular territories and revealed metabolic 
evidence of viability or that were associated with concor- 
dant reductions in glucose use representing scar tissue. 
These observations should prove clinically useful for 2 
reasons: First, when differentiation between ischemic and 
idiopathic forms of dilated congestive cardiomyopathy is 
< difficult, characteristic patterns of blood flow and glucose 
_ metabolism permit accurate separation; second, in isch- 
emic dilated congestive cardiomyopathy, PET can identi- 
fy absence or presence of viable myocardium and thus 
might influence clinical decisions on therapy. 
Metabolism and functional outcome in acute myo- 
cardial infarction: In 13 patients with acute myocardial 
infarction, myocardial blood flow and glucose metabo- 
“lism were evaluated with PET within 72 hours after onset 
of acute systems.2°2! Blood flow was found to be de- 
„creased in 32 segments within the infarct territory as 
identified by electrocardiography. Two-dimensional 
_ echocardiography revealed impaired wall motion in all 
_. Segments. Importantly, 16 of 32 segments revealed rela- 
tive or absolute increases in FDG uptake, whereas FDG 
uptake and blood flow were concordantly reduced in the 
other 16 segments. All patients were treated conserva- 








blood flow and glucose utilization early 
vent represent irreversible injury, where- 


as the variable outcome of segments with initially pre- 
served glucose use suggests that tissue may have been 
viable early after the acute event. The subsequent sponta- 
neous recovery of function in some segments suggests 
that the mismatch pattern might have reflected stunned 
myocardium, whereas in other segments ischemia may 
have persisted or progressed to necrosis. These studies. 
were subsequently expanded to compare the metabolic 
findings to coronary anatomy. An investigation in 15 
patients with acute myocardial infarction emphasized the 
importance of residual blood flow for maintaining meta- 
bolic activity.” Comparison with coronary arteriograph- 
ic findings obtained within 8.4 + 7.5 days after the acute 
event or 4.4 + 6.7 days after the PET study demonstrated 
a Statistically significant association between residual an= 
terograde blood flow through the infarct vessel and the 
presence of mismatches. Blood flow metabolism mis- 
matches were 3.3 times more frequent in myocardium 
subtended by a patent infarct vessel than in myocardium 
subtended by a completely occluded infarct vessel. Con- 
versely, matches were 4.0 times more frequent in myocar- 
dium supplied by an occluded vessel than in myocardium 
supplied by a patent infarct vessel. There was no signifi- 
cant association between mismatch regions and arterio- 
graphically visualized collaterals, which probably was the 
result of the small patient sample studied in this investiga- 
tion. 

Recovery of ischemia after coronary angioplasty: 
More recently, we examined the recovery of blood flow, 
glucose metabolism and segmental function after restora- . 


tion of coronary blood flow by PTCA.?3 Twelve patients 


with blood flow metabolism mismatches were examined 
with PET immediately before and within 72 hours after 
PTCA and again 2 to 3 months later. Segmental wall 
motion was evaluated with 2-dimensional echocardiogra- 
phy. With use of circumferential profile analysis, geo- 
graphic extent and severity of the N-13 ammonia defect. 
in the territory of the target vessel was defined as “perfu- 
sion score,” extent and average difference between N-13 
ammonia and FDG uptake as “mismatch score,” and 
extent and severity of abnormal wall motion as “wall 
motion score.” PTCA reduced the average stenosis diam- 
eter narrowing from 71.6 + 19.4 to 35.2 + 18.9% and the 










































stenosis area narrowing from 87.0 + 13.5 to 54.0 + 24.5%- 


(as revealed by quantitative coronary arteriography). 
Two patients with restenosis were excluded from further 
analysis. Myocardial blood flow was markedly improved 
on the study early after PTCA as evidenced by a decline 
in the perfusion score from 124 + 81 to 38 + 22 (p 
<0.05). On late follow-up, perfusion scores tended to be 
lower but did not differ significantly from the immediate 
post-PTCA study. Improved blood flow resulted in mark- 
edly lower mismatch scores, although rates of exogenous 
glucose use (in umol/min/g) were unchanged, suggest- 
ing that glucose use remained initially elevated. On late 
follow-up, glucose uptake and rates of glucose utilization 
no longer differed from blood flow or from glucose utili- 


zation in control myocardium. Importantly, however, 


segmental function recovered only slowly. Despite vari- 
able early responses, the average wall motion score imme- 





ad 


fter PICA did not differ significantly from that 
PTCA. However, when reexamined 2 to 3 months 
average wall motion had improved and was signifi- 
ly better than before PTCA. 

The observations made with PET in patients with 
ronic or acute myocardial ischemia indicate the follow- 
ing: Improvements or normalization of segmental func- 
n after CABG or PTCA of myocardial regions with 
abnormal wall motion but preserved glucose utilization 
| associated with either normal or reduced blood flow indi- 
| cate that the blood flow metabolism mismatch on PET 
identifies myocardium as viable and salvageable. In con- 
rast, the absence of a functional improvement in seg- 
ments with blood flow metabolism matches indicates that 
this pattern reflects irreversible injury or scar tissue. De- 
spite electrocardiographic evidence of transmural necro- 
sis, metabolic activity or viability can be present or blood 
flow and glucose metabolism can even be normal. Wall 
motion is less impaired when blood flow and glucose 
| metabolism are normal than when blood flow is reduced. 
However, wall motion is equally impaired regardless of 
< preserved or absent glucose metabolism. Despite a gener- 
| al relation between reductions in blood flow at rest and 
“glucose metabolism, glucose metabolism may or may not 
<- persist when blood flow is moderately to severely reduced. 
Furthermore, PET reveals metabolic activity, and thus 
viability, in a large fraction of myocardial segments iden- 
tified as irreversibly injured by stress T]-201 redistribu- 
tion scintigraphy. From these observations it is evident 
thi t direct assessment of metabolic activity as the process 
t critical for survival of ischemically injured myocar- 
um is the most accurate method of identifying viable 
_ myocardium and distinguishing it from scar tissue. Pre- 
~ served metabolic activity thus becomes a hallmark of 
-tissue viability. PET permits noninvasive detection of 
“such preserved metabolic activity and has proved more 
accurate and reliable than other existing diagnostic meth- 
_.ods for determining presence or absence of potentially 
salvageable myocardium that has survived ischemic in- 
sult. Identification of viable myocardium by this metabol- 
< ic approach is now used in PET centers for examining 
patients with recent or remote myocardial infarction and 
ith chronic coronary artery disease and global or region- 
‘al left ventricular dysfunction before and after coronary 

tevascularization. 24-27 


INICAL APPLICATIONS OF POSITRON 
IISSION TOMOGRAPHY 

“Existence or recognition of potentially reversible myo- 
cardial dysfunction has received increasing attention. 
This is because of the continued emergence of new thera- 
- peutic methods for restoration of coronary blood flow or 
for cardiac transplantation. For example, CABG im- 
-proves long-term survival and relieves symptoms related 
to angina.?8 However, symptoms related to congestive 
heart failure have not been found to improve consistently, 
probably because of absence of reversible myocardial 
‘dysfunction.*?-3! This issue is an especially important one 
tients with severely depressed left ventricular func- 
ion. These patients have a significantly higher periopera- 


TABLE Hi Clinical Applications of Cardiac Positron E: ssi n 
Tomography : 


Chronic coronary artery disease with LV dysfunction 
Congestive dilated cardiomyopathy 

Evaluation for cardiac transplantation vs conservative treatment 
Acute myocardial infarction 





LV = left ventricular. 


tive mortality than patients with normal left ventricular 
function.3? Moreover, as mentioned, most available diag- 
nostic procedures often fail to identify viable myocardium 
and therefore preclude an accurate prediction of salutary 
benefits of surgical interventions. Determination of the 
presence and extent of viable myocardium in such pa- 
tients can therefore dramatically alter the risk benefit 
ratio when surgical interventions are contemplated. 
Several recent editorials have emphasized the impor- 
tance of “myocardial stunning” and of “myocardial hi- 
bernation.”33-36 Both conditions are associated with seg- 
mental myocardial dysfunction that improves either 
spontaneously or only after interventional restoration of 
blood flow. At the same time, clinical recognition of both 
conditions remains limited and often impossible. Findings 


with PET, as previously described, strongly suggest that - 
preserved glucose use represents the “metabolic corre- 
late” of both conditions and thus permits noninvasive == 


detection of stunned and hibernating myocardium. 
The existence of these distinct metabolic abnormal: 
ties in a variety of clinical settings implies a potentially = 
significant and possibly critical role of PET in several l 
clinical conditions (Table II). 
Patients with stable coronary artery disease and re+ 
gional or global left ventricular dysfunction often exhibit 
large areas of viable myocardium on PET. In these pa- 
tients, coronary revascularization either by PTCA or- 
CABG would reverse the ischemic dysfunction and, de- 
pending on the amount of viable myocardium, result in 


significant improvements in left ventricular function and 


relief of symptoms related to congestive heart failure. 
Conversely, no such improvement would be expected to. 


occur when PET identifies myocardial tissue as irrevers- 


ibly injured. 

In patients with dilated congestive cardiomyopathy, 
the leading cause for the decline in left ventricular func- 
tion often remains difficult to determine. It may be the — 
result of end-stage ischemic heart disease, of an intrinsic 
myocardial disorder, or both. However, patients with © 
these different underlying pathophysiologic disorders of- 
ten present with similar symptoms and clinical findings. 
In fact, in the 21 patients studied prospectively in our — 
laboratory, electrocardiographic, echocardiographic and — 
ventriculographic findings were similar for the patient — 
groups with ischemic and with idiopathic forms of con- 
gestive dilated cardiomyopathy! However, PET accu- 
rately distinguished between both types of cardiomyopa- 
thies. Blood flow and glucose metabolism were relatively 
homogeneous in idiopathic types, whereas patients with 
ischemic cardiomyopathies characteristically exhibit 
large confluent segments with h severely decreased 
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These segmental reductions in blood flow corre- 
| to coronary vascular territories. Glucose metab- 
these patients was similarly heterogeneous and 
= revealed both blood flow metabolism matches and mis- 
_ matches. The latter findings are clinically important for 
they identify those patients with only scar tissue as well as 
-patients with large regions of viable myocardium. Thus, 
in addition to differentiating between the types of cardio- 
„myopathy, PET studies will be decisive for therapy. Obvi- 
ously, patients with idiopathic or ischemic cardiomyopa- 
thy but without blood flow metabolism mismatches 
would be assigned to conservative treatment, or, if indi- 
cated, to cardiac transplantation. In contrast, patients 
with large amounts of viable myocardium would benefit 
from surgical revascularization. 

At our institution, PET has begun to play an increas- 
ing role in patients referred for cardiac transplantation. A 
substantial number of potential candidates were no long- 
er considered for transplantation after PET demon- 
strated the presence of viable myocardium in a large 
fraction of the left ventricle. These patients were submit- 
ted to surgical revascularization, followed by often strik- 
ing improvements in functional state as well as in left 
ventricular performance. 

In patients early after an acute myocardial infarction, 
PET has revealed preserved metabolic activity and thus 
viability in a large fraction of infarcted myocardial re- 
gions. Based on various long-term outcomes of each seg- 
ment, preserved glucose use in such segments might re- 
= flect stunning or hibernation or progression of ischemia to 
necrosis and scar tissue formation. Although criteria for 
: distinguishing stunning from hibernation and progressive 
` ischemia need to be developed, PET does accurately dis- 

~ tinguish between truly infarcted and irreversibly injured 
< myocardium and myocardium that has remained viable 
sand can be salvaged through interventional treatment. 
PET therefore stratifies patients early after an acute 
Myocardial infarction to conservative and aggressive 

-treatment methods. 
_.... The same applies to patients who underwent initial 

__ thrombolysis. PET will identify those myocardial regions 
_ that have remained viable and, in conjunction with coro- 
Mary arteriography, will contribute to decisions on addi- 
_ tional therapeutic interventions, e.g., use of PTCA to 
estore blood flow more fully and to salvage myocardium 
t risk. Conversely, PET results will argue against such 
interventions in patients without evidence of viable myo- 
cardium. 
- Last, early after coronary revascularization, PET 
demonstration of substrate use predicts long-term bene- 
fits of therapeutic interventions more accurately than 
_tmproved tissue blood flow or segmental function. 


ith coronary artery disease. Thus, PET has 
l arena as a powerful and often critical 
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‘tage of its quantitative capabilities. Implementation of 
new tracer techniques with PET will further refine the 
diagnostic accuracy but also expand the scope of clinical 
applications to other cardiovascular disease states. 
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major new imaging modalities that has become 
available for the evaluation of patients with heart 
disease. With cine CT it is possible to obtain high 
resolution images of the heart at 58-ms intervals. 
The inplane resolution is 0.7 to 1.5 mm, and the 
slice thickness is 3 to 9 mm. Images require the in- 
travenous injection of nonionic contrast agents to 
obtain quantitative information about cardiac func- 
tion. 

Cine CT has thus far been used in 3 general 
areas that relate to the evaluation of patients with 
heart disease: evaluation of cardiac structure and 
function, evaluation of vein bypass graft patency 
and flow reserve, and measurements of regional 

myocardial perfusion. 
_ Because of the outstanding spatial resolution of 
-the images, it is possible to obtain very precise in- 
-formation about cardiac structure and function. 
The weight of the left ventricle and right ventricular 
=v walls can be measured to + 5%, and the stroke vol- 
-- umes and end-diastolic volumes of all 4 cardiac 
-chambers can also be measured with an accuracy 
of + 5%. With this technology it is possible to de- 
termine the magnitude of aortic regurgitation with- 
-in + 5 to 8%. This modality has also proved useful 
inthe diagnosis of surgically resectable left ventric- 
ular aneurysm and a multitude of other cardiac dis- 
orders that involve abnormalities in cardiac struc- 
< ture, including congenital heart defects, aortic an- 
‘eurysms and constrictive pericarditis. These 
-< diagnostic procedures use the peripheral injection 
usually about 100 mil of contrast media and can 
ordinarily be completed in less than 15 minutes. 
Ultrafast CT is also useful in the determination 
-of vein bypass graft patency. A recent multicenter 
_ study indicated that the patency of bypass grafts 
could be determined with an accuracy of about 
- 92%. Accuracy was not different in internal mam- 
_mary artery conduits or saphenous vein grafts. 
Recent experimental studies with cine CT indi- 
t if one uses aortic route injection of con- 
jill be possible to measure regional myo- 
rfusion with outstanding accuracy. Stud- 
jals suggest that myocardial perfusion 
t vary from as low as 10 to as high as 600 
l g can be measured with an accuracy 
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phenomenal effect on the care of patients with dis- 

eases involving the brain, chest and abdominal vis- 
cera. In contrast, standard CT has had little or no influ- 
ence on the care of patients with heart disease. The reason 
standard CT has been of such little benefit to patients 
with cardiac disease is that 1 to 3 seconds are required for. 
scan acquisition. Because the heart contracts about 1 
cycle per second, scan acquisition times of 1 to 3 seconds 
will inevitably result in blurred images of most cardiac © 
structures. X-ray CT can only be useful in the diagnosis. 
of cardiac conditions if scan acquisition time can be sub- 
stantially shortened. 

One approach to decreasing scan acquisition time. 
with x-ray CT is to use an x-ray gun to deliver a beam of | 
x-rays to a detector system and subsequently guide the x- _ 
ray beam around the patient with an electromagnetic 
field. This approach has been used by the Imatron Corpo- — 
ration in the design of an ultrafast computed tomographic 
scanner that can obtain x-ray computed tomographic . 
images at a rate of 17 frames per second. This acquisition 
rate is sufficient to obtain stop-action, unblurred images 
of the cardiac structures. The inplane resolution of the 
ultrafast computed tomographic scanner is 0.7 to 1.5 mm 
and slice thickness is 3 to 10 mm. 

Our laboratory has performed experiments to define 
the accuracy with which ultrafast computed tomographic: 
images can define various aspects of cardiac structure 
and function. We have divided these validation studies 
into 3 major areas: study of the structure and function of 
cardiac chambers, evaluation of vein bypass graft paten- 
cy and flow reserve, and measurements of regional myo- 
cardial perfusion. Each of these major areas will be dis- 
cussed. z 


S tandard computed tomography (CT) has had a 


STUDIES OF THE STRUCTURE AND 
FUNCTION OF THE CARDIAC CHAMBERS 
Studies of left ventricular and right ventricular vol- 
ume measurements with ultrafast CT have been vali- 
dated by comparing the ultrafast computed tomographic 
data to cast volumes and measurement of stroke volume ; 
with a chronically pea electromagnetic flow meter 
on the ascending aorta.!:2 These studies have demon- : 
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: RURE 1. Relation between left ventricular (LV) and right ventricular (RV) stroke vomo measured with ullralaat compte tó: 
mography (CT) and either an electromagnetic flow probe (EMF) implanted on the ascending aorta or thermodilution measure-: EE 

ment of cardiac output divided by heart rate. These studies were done in anesthetized closed-chest dogs. There wasa very close 

| relation between measurements of true left ventricular stroke volume (LVSV) and right ventricular stroke volume (RVSV) com- 

. pared with the measurements with ultrafast computed tomography. Thess dats stronsiy support the.comckiow lias saha Y 

ume in both the right and left ventricles can be measured with remarkable precision using ultrafast computed tomography. SEE 

_ = standard error of the mean. (Reproduced with permission of Circulation.’) 


strated that chamber volumes of both the right and left 
ventricle can be assessed with remarkable precision using 
ultrafast CT (Fig. 1). 
‘We have also determined the accuracy with which 
: ultrafast CT could assess the mass of the left ventricle and 
| the free wall of the right ventricle by comparing the 
~ computed tomographic data with postmortem measure- 
ments of right and left ventricular mass in animal stud- 
< jes.>4 These investigations have shown that both the mass 
| of the right and left ventricles can be measured very 
| accurately (+ 5%) with ultrafast CT (Fig. 2). Thus, ul- 


trafast CT provides accurate measurement of global left 
and right ventricular mass and left and right ventricular . 
volume. 
Studies of regional left ventricular function with al 
trafast CT have demonstrated that there is a remarkable 
amount of heterogeneity of regional function in the no: 
mal left ventricle. For example, the function of the shor 
axis tomographic images of the base of the heart is quite 
different from that of the apical short-axis tomographi 
images.° The ejection fraction of the basal images is sub: 
stantially less than that of the apical tomograms, but the 
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gmental function (change in volume or 
: ckness) with ultrafast CT have demon- 
trated a remarkable degree of heterogeneity of contrac- 
tion around the circumference of the left ventricular 
tomographic images.° The ejection fraction of pie-shaped 
segments of the individual tomographic slices (12 per 
slice) in normal ventricles can vary from as low as 30% to 
as high as 100%.° This striking heterogeneity of segmen- 
tal function has also been observed in echocardiographic 
studies.© Measurements of change in wall thickness of 
these small segments of the left ventricle have demon- 
strated even greater heterogeneity of wall thickening than 
was observed in the ejection volumes. This probably re- 
sults from imaging artifacts and the complex motion of 
the left ventricle during contraction. These data indicate 
that regional wall motion of the left ventricle assessed 
with ultrafast CT is best described by assessing regional 
segmental volume change rather than change in wall 
thickness. 
_ Other studies have demonstrated that the heterogene- 
~ ity of both sectional and segmental left ventricular func- 
tion is responsive to hemodynamic perturbations. For ex- 
- ample, the heterogeneity decreases in the presence of an 
<- inotropic stimulus such as dobutamine infusion,’ and in 
_. the presence of a moderate increase in afterload.’ These 
_ data suggest that as the left ventricle is stressed it con- 
tracts in a more homogeneous and possibly more efficient 
- manner. 
In addition to assessing global and regional function 
and mass of the left ventricle with ultrafast CT, we have 
shown that this modality can determine the precise vol- 





-ume of univalvular insufficiency (Fig. 3) and also deter- 
mine the resectability of left ventricular aneurysms.’ 
In all, these validation studies provide convincing evi- 
dence that ultrafast CT can determine the structure and 
function of the cardiac chambers with remarkable preci- 
sion. 
The precision with which measurements of cardia: 
function can be otained with ultrafast CT is dependent 
the type of contrast media used.!? The hemodynami 
perturbations associated with standard ionic contrast 1 
dia seriously interfere with the precision of measurem 
with ultrafast CT. Studies in our laboratory have sh 
that accurate measurements of the function of the ven 
tricular chambers can only be obtained with ultrafast CT 
if nonionic contrast media are used (Fig. 4). = 
















































EVALUATION OF VEIN BYPASS GRAFT 
PATENCY AND FLOW RESERVE 

Current approaches to assessing the patency of bypass 
grafts with noninvasive techniques have not been particu- 
larly rewarding. Although some of these noninvasive tests 
(exercise electrocardiography, thallium scintigraphy and 
exercise radionuclide ventriculograms) can crudely sepa- 
rate patients with most grafts occluded from those with 
most grafts open, none of these tests can determine the 
presence or absence of the patency of particular vein 
bypass grafts. With ultrafast CT, it is relatively easy to 
visualize patent bypass grafts. A recent multicenter study 
has shown that the patency of coronary bypass grafts can 
be determined with an accuracy of approximately 92%.'°. 
Furthermore, the accuracy of this determination is not 
influenced by whether the bypass conduit is a vein bypass 
graft or an internal mammary implant.!° 

In addition to determining the patency of bypass 
grafts, experimental laboratory studies suggest that the 
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3. Left panel demonstrates that in normal closed-chest dogs with suspended respiration the right and left ventricular. 
ron (RVSV and LVSV, respectively) are nearly identical. Thus, if one were to demonstrate a difference between left a 
cu "stroke volume, this difference could be related to the magnitude of regurgitation across an insufficient See 
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FIGURE 5. Aortic and bypass graft contrast curves obtained in closed-chest dogs after bolus injection of contrast ini 
: vein. In both feft and right panels the Hounsfield number is plotted against time. The interval between the p 
F of contrast in the ascending aorta vs the peak concentration in the bypass graft reflect the difference in time to 
and thereby provide an index of transit time in the bypass graft. The left panel was obtained under control o 
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FIGURE 6. Relation between time-to-peak contrast obtained with ultrafast computed tomography (CT) in dogs with an implant. 
ed bypass graft to the circumflex coronary artery. The mean time-to-peak (APT) index of bypass graft flow reserve was. 
to direct measurements of bypass graft flow reserve with an implanted Doppler probe on the bypass graft. All of these measure- 


_. ments were obtained in a single animal. Bypass graft flow was varied by infusion of various doses of adenosine into the graft te 


_ produce coronary dilation or gradual obstruction of the graft with an implanted balloon occluder device. Data indicate that there 

| is an inverse relation between APT and bypass graft flow reserve. These studies suggest that it may be possible with ultrafast 

-= computed tomography to determine the flow reserve of individual bypass grafts. Cine CT = ultrafast computed tomography. | 
‘(Reprinted with permission of Circulation Research. +1) 
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ve in bypass grafts can be determined if bypass 

t time is assessed under control conditions and 

fusion of a potent coronary dilator, such as intra- 

nous dipyridamole. Our studies have shown an inverse 
ion between transit time and bypass flow reserve 


These studies suggest that ultrafast CT is the best 
loninvasive approach to assessing the patency of coro- 
ary bypass grafts and far superior to standard noninva- 
ive tests. 


IEASUREMENTS OF REGIONAL 
YOCARDIAL PERFUSION 
By determining the sequence of myocardial opacifica- 
on with contrast media after bolus injection, one can 
sotentially measure rates of myocardial perfusion using 
Itrafast CT. Early attempts to assess myocardial perfu- 
ion with ultrafast CT used intravenous contrast injec- 
tion.!? These studies did not account for changes in vascu- 
ar volume associated with pharmacologic coronary dila- 
tion and were plagued by beam hardening and scatter 
artifacts secondary to the large concentration of iodinat- 
ed contrast that was present in the ventricular chambers 
in association with intravenous contrast injection. Al- 
though these early studies demonstrated a modest corre- 
ation between changes in myocardial perfusion mea- 
sured with the microsphere technique and those mea- 
sured with ultrafast CT, the results were not impressive 
(Fig. 7).!2 High flow rates in excess of 200 ml/min X 
00 g could not be measured accurately, and more impor- 
tantly, the perfusion around the circumference of a single 
omographic slice was remarkably heterogeneous com- 
pared with simultaneous microsphere measurements that 
demonstrated relatively homogeneous perfusion in vari- 
ous regions of a single tomographic slice. 
More recent studies with ultrafast CT have used aor- 
tic root contrast injection.'? In addition, these studies 
have included an approach to determining changes in 
| vascular volume associated with pharmacologic coronary 
| dilation. With aortic root injection of contrast, beam 
hardening and scatter artifacts are markedly reduced 
because contrast media does not opacify the cardiac 
hambers. Studies using this new approach have been 
‘extremely promising. Comparisons of the measurement 
f myocardial perfusion with ultrafast CT to simulta- 
eous measurements of myocardial perfusion with the 
microsphere technique have shown an excellent correla- 
tion over a broad range of flows (25 to 600 mg/min/100 
g). In addition, this newer approach has demonstrated 
that perfusion around the circumference of a single tomo- 
| graphic slice measured with ultrafast CT is about as 


homogeneous as. that measu: i 

technique. These experimental results are ex 

couraging. They suggest that it may eventually be possi 
ble to measure accurately regional myocardial perfusion 
in humans with ultrafast CT using an approach similar to- 
that which we have pursued in animal experiments. 


SUMMARY 

Over the past 5 years, validation studies have shown 
that ultrafast CT can produce remarkably precise esti- 
mates of cardiac parameters of substantial interest to 
clinicians involved in the evaluation of patients with car- 
diovascular disease. The precision with which these car- 
diovascular parameters can be measured using ultrafast 
CT far exceeds that which can be accomplished using 
conventional imaging methods. Whether this improved 
precision will translate to improved diagnosis that will 
influence patient management remains to be determined. 
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Resonance Imaging and the 
Future of Cardiac imaging 


Gerald L. Wolf, PhD, MD 


Within the last 5 years, technology for cardiac im- 
aging has improved spectacularly. The choices now 
include ultrasound with Doppler, single-photon 
emission computed tomography and positron emis- 
sion tomography, cine computed tomography, bi- 
plane and digital subtraction angiography and mag- 
netic resonance imaging (MRI). MRI is the most ex- 
pensive noninvasive option, but also provides the 
best information on chamber size, wall motion, val- 
vular function and great vessel blood flow. It is mul- 
tiplanar and multiparametric; thus, nearly any clini- 
cal problem except detailed coronary anatomy can 
be addressed, but the very plethora of technical de- 
tails is daunting. With contrast agents as indica- 
tors, relative tissue perfusion of any organ appears 
achievable, including regional perfusion of the myo- 
-> cardial wall. As patient acceptance is high, MRI 
-may become a major cardiac imaging tool and oc- 
cupy the central position between office ultrasound 
and invasive angiography. 

(Am J Cardiol 1989;64:60E-—63E) 


Sieh, Pittsburgh Nuclear Magnetic Reso- 

Pennsylvania. < 

erald L. Wolf, PhD, MD, Pittsburgh Nucle- 
eo Fifth Hh Avenue, Pireiburgti, Penn- 


“The vision of a scientist is limited by his tools,” = 


the tools of magnetic resonance imaging (MRI 

the evaluative stage for cardiac applications: Mo 
than a thousand instruments capable of MRI of the hear 
are distributed across the United States, and cardiologis 
must begin to define cost-effective applications. It was 
once sufficient to justify employment of new technolog 
by saying useful information could be obtained. 
there is clamor for final proof of utility even before we 
have had an opportunity to become comfortable with our. 
options. 

Nonetheless, it is evident that cardiac MRI will ha 
an important role in cardiac diagnosis and treatmen 
evaluation. This review is intended to define the opport 
nities and encourage each cardiologist to participate in 
the maturation process. Most new technologies would be. 
found wanting if evaluated too soon or for the wrong, 
applications. Despite society’s yearnings for tomorrow’s 
answers in today’s news at yesterday’s prices, we must 
admit that applied biologists have only just received this 
tool and will require time and encouragement to under- 
stand what valuable new visions will evolve. 


S everal years of developmental work have brou 


NUCLEAR MAGNETIC RESONANCE: 
SAFETY AND PRINCIPLES . 
The nuclear magnetic resonance (NMR) oom 
non is used in producing cardiac MR images. The initial 
review by Goldman et al! is the recommended starting 
point for cardiologists who are hazy on nuclear magnetic: 
moments and their response to weak magnetic fields. The 
energy used to obtain signals from cardiac protons area’ 
million times lower than x-rays or gamma rays, and this 
accounts for the extraordinary safety of MRI. Fortunate-_ 
ly, protons have the optimal NMR signal and the heart 
and blood are more than 50 M in proton concentration. 
a very strong magnetic field, protons can be tipped: out of 
alignment with ease and impunity, providing sufficient 
signals for modern computers to turn into giaa ins 
formative i images. 
In any given magnetic field, each nucleus witha ma 
netic moment ('H, !3C, !°F, 23Na, 31P are ones of clini- 
cal interest) will be excited by a unique frequency radio 
wave and will, upon relaxing back to its lower energy 
state, return a specific frequency signal. Signal strength. 
identifies the number of nuclei, and signal frequency 1 
phase can be made to npa position. Th -rat 





| Details for Cardiac Magnetic Resonance = 


Contrast Noise or Artifacts 


inherent exogenous motion metals 


Method: 

Spin echo 
Gradient echo 
Echo planar 


Voxel: 

Field of view 
Matrix 

Slice thickness 


Coil: Factors: 
Body TR 
Surface TE 
intracavitary Flip angle 
Number of averages 


Artifact Reduction 
Triggering 

Gating 

Encode direction 
Flow compensation 


“Contrast Agent 

» Paramagnetic 
ECF 
Blood pool 
Cell function 

Superparamagnetic 

Perfusion 
Cell receptors 





ECF = extracellular fluid; TE = time for echo formation; TR = pulse repetition time. 





ecord 2 different relaxation processes; T1 (or spin-lattice 
relaxation time) represents the individual behavior of 
protons in their own environment, whereas T2 or spin- 
spin relaxation represents group behavior of several adja- 
nt protons. In the case of proton relaxation, these times 
ll us what the protons are encountering in their micro- 
vironment and thus represent local anatomy and chem- 
ry. Each tissue has its own characteristics that are 
usually reflected in either proton concentration or relaxa- 
tion time. MR instrumentation can be programmed to 
| provide images that emphasize these proton properties in 
different and selectable ratios. Thus, the process has an 
ncredible range of soft tissue discrimination; one can 
_ choose what to display, one can manipulate the appear- 
ance for a desired purpose, and the whole process is basi- 
y noninvasive and nondestructive! It is expensive, 
‘noisy and mildly claustrophobic, but these are details in a 
‘complicated equation. 


< The heart is composed of tissues that have different 
R'signal intensities as a result of different MR proper- 
ies of their protons, i.e., proton density, T1 and T2 relax- 
tion rates, as well as different patterns of motion. A 


proton properties, and selectable machine parameters has 
he following form: I œ f p (1 — eee ri, where I 
iS image intensity, f is a motion rola p is proton 


Volume 0.2x0.2x1lmm 
acquisition 

Spin echo, 
multiplanar 

Fast scan 


Hyperscan 


10 minutes 


0.2 X 0.2 X 3mm 5 minutes 


0.3 X 0.3 X 5mm 
0.4 X 0.4 X 5 mm 


45 seconds 
50 milliseconds 


TABLE Ill Blood and Magnetic Resonance Imaging Signal 
Spin Echo 


TIW T2W Gradient Echo 








Dark 
Dark 
Dark 


Bright 


Dark 
Dark 
Bright 


Variable 


Bright 
Dark 
Variable 


Bright 


Laminar 
Turbulent 
Stagnant 


Subacute 
hemorrhage 

Chronic 
hemorrhage 


Dark Dark Variable 





T1 = spir-attice relaxation time: T2 = spin-spin relaxation time; W = pulse sequence 
is weighted to emphasize this relaxation time in tissue. 








processes change these tissue proton characteristics. Cur- 
rent imaging schemes are also sensitive to the speed and 
amplitude of motion characteristic of the heart and its 
parts. There are even safe chemicals, called MR contrast 
agents, that distribute in proportion to their pharmacoki 
netic properties and change local proton T1 and. T2. 


MAGNETIC RESONANCE INSTRUMEN- 
TATION VARIABLES 

MRI is a tomographic technology with a multiiade 0 
operator selectable variables (Table I). Slice thicknes: 
orientation and method of presentation can. be chosen 
The relative impact of tissue proton properties can be 
weighted to vary image contrast among tissue types. Dif- 
ferent imaging methods can be chosen to optimize. spatia 
or temporal resolution (Table IH) and to-empha i 
reduce the effects of motion (Table HI). When altered 
respond to the different clinical indications for the « 
nation, an awesome decision matrix Font, that rep 


of the experiments already reported. pices coe 
disease may be relatively unchanging, the MR instru 


demands of society also continue to sane b 
slowly. 


The inherent capabilities of MI 


‘eindgatrootive x nature delayed t 





Physiology 


+++ 
` Wah +++ 
Valves +++ 
Vessels >2 cm ++ 
Coronary arteries + without MRCA 
++with MRCA 


MRCA = magnetic resonance contrast agents; + = fair; ++ = good; +++ = very 


good; ++++ = excellent. 


TABLE V Magnetic Resonance Imaging Contrast Agents 


Superpara- 
magnetic 
Particle 


Paramagnetic 
Chelate 


J pee 
t] IH 
Particle Chelates Fe aggregates 
size dissolved as smali 
in solution particles 
7,000 


Ferromagnetic 
Particle 


HH 

Fe aggregates 
as large 
particles 

No. of 1 15,000 
paramagnetic 
atoms per 
molecule 

Examples Iron EDTA, 
gadopentetate 
dimeglumine, 
manganese 
EDTA 

EDTA = ethylenediaminetetraacetic acid; Fe = iron; į = decreased relaxation time; 
:xöther abbreviations as in Table HH. 


Dextran plus 
magnetite 


Microspheres 
plus 
magnetite 


cal agents that could provide more information. Within 
the last few years, this has become an active field. Each 
maging modality requires that contrast agents be tai- 
ored for detection, iodine or barium for x-ray study, 
microbubbles for ultrasound, or radioactive isotopes for 
clear medicine. For MRI, proton relaxation must be 
tered, and this requires agents that can perturb the local 
‘magnetic field around the proton. Two different materi- 
als are biologically valuable (Table V). Paramagnetic 
agents have unpaired electrons that generate a magnetic 
field about 700 times larger than the proton’s field and 
crease both T1 and T2 relaxation when the proton 
passes through this perturbation. Metals such as manga- 
nese, iron and gadolinium are paramagnetic and can be 
_ chelated to reduce toxicity and obtain useful tissue distri- 
butions in much the same manner as radioactive isotopes 
lated and used in nuclear medicine. The effects of 
paramagnetic elements are detected by MRI with 
jO times the sensitivity of x-ray to iodine. This 
ore potent and safer MR contrast agents, 
the additional advantage of detection by an 

h better inherent tissue contrast. 


tion and the spins. uniformly aligned, 
ionately large effect is obtained that 
issue T2. Superparamagnetic agents 
m n several hundred nanometers up to 








a few microns in diameter. They are usually com 

iron oxide atoms and may be encased or coated w 
materials to influence biodistribution, metabolism : 
icity. 

The relaxation efficacy of a soluble paramagnetic ch 
late requires that protons approach within about 10 
and then move away to be replaced by another proto 
these relaxers are thus limited by distribution of the a 
and diffusion of nearby protons. Conversely, the pertt 
ing field of a superparamagnetic particle is effectiv 
to 50 times its diameter and may thus influence 
protons in several cell layers around its location. Su 
paramagnetic particles are much more potent than p: 
magnetic chelates and may even be useful with mono- 
clonal antibodies for tissue targeting. 


MAGNETIC RESONANCE CONTRAST 
AGENTS AND CARDIAC MAGNETIC 
RESONANCE IMAGING 

Unenhanced MRI with different techniques (Ta 
H to IV) has satisfactory contrast for imaging the motion 
of valves, myocardial wall, and blood flow in vessels more 
than 0.5 cm with velocity greater than 10 cm/s. Myocar- 
dial infarction has a complicated and evolutionary effect 
on proton concentration, T1 and T2, but longer T1 tends 
to reduce image intensity whereas the other 2 changes 
increase image intensity. The effects of hemorrhage are 
also complicated. Ultimately, cardiac fibrosis reduces all 
signals. This mixture of changes that increase or decrease 
tissue contrast makes identification and staging of infarc- 
tion difficult in unenhanced studies. 

However, myocardial perfusion patterns and rates, 
whether at rest or in response to provocation, in the course 
of evaluating ischemia or flow reserve will probably re- 
quire MR contrast agents. Gadopentatate dimeglumine 
(GdDTPA) is already a Food and Drug Administration- 
approved paramagnetic agent for abnormalities of brain 
perfusion. It has a molecular weight just less than 1,000 
and is an extracellular fluid space indicator just like inu- 
lin, water soluble x-ray dyes, or diethylenetriamine pen- 
taacetic acid radioisotopes. After vascular injection, it 
marks local tissue perfusion according to standard indica- 
tor dilution methodology. Thus, in ischemic myocardium, 
a GdDTPA time-intensity curve would show later ap? 
pearance and washout than adjacent normally perfused 
myocardium, and the difference would be proportional to 
the perfusion disparity. In infarction, the larger extracel- 
lular fluid space serves to magnify the perfusion differ- 
ence as the contrast medium encounters a large reservoir 

to wash in and out of, and the large decreases in T1 and 
T2 within this edema space are favorable for image detec- 
tion. 

Fairly simple superparamagnetic particles were ini- 
tially used to identify the liver and spleen tissues sur- 
rounding the fixed phagocytes that remove these particles 
from the circulation. Although the reticuloendothelial 
cells are only 2% of liver volume, they are widely. distrib- 
uted in normal liver and eliminate proton signals from alll 
the hepatocytes or slowly moving protons within the cap- 
illaries close to a reticuloendothelial cell. (Tumors i in liver 
replace normal tissue and have no reticulo 


lypoperfused 


low-dose regions have intermediate signal loss. 


lis, do not accumulate the particles, and thus have a 
strong MR signal and excellent contrast with normal 
liver.) 

More recently, it has been appreciated that protons 
ing signal as they move past stationary (phagocytized) 
articles are not different from fixed protons under the 


influence of slowly moving articl 
agents can identify well-perfused tissues in 
more, their effect in blood will be dose-responsive 6) 
range where their spheres of relaxation do not 
within the capillary or between perfused capillaries. As 
available particles have blood half-life of 30 to 60 min- 
utes, these particles can monitor dynamic perfusion until 
cleared from the blood. Phagocytic clearance sequesters 
the particles in liver and spleen so that myocardial perfu- 
sion could be reassessed at any time, although further 
liver-spleen perfusion studies would require a wait period 
of 10 to 14 days—the time to metabolize the iron. 
The exquisite imaging of cardiac anatomy and physi- 
ology could be converted into a single comprehensive 
examination if myocardial perfusion can be evaluated 
with a MR contrast agent. At an estimated cost of $1,000 
per study, this could be attractive when interventions are 
being assessed or as a substitute for 2 or more other tests, 
such as echocardiography plus thallium scanning. 


SUMMARY 

Cardiac MRI clearly has great potential. Further im- 
provements in instrumentation and contrast agents are 
confidently expected. Exploring its effective clinical role 
is now the task of clinical investigators and, individually, 
of practicing cardiologists as satisfactory imaging is now 
widely available. Even skeptics should resist drawing pre- - 
mature conclusions about which of MRI's many cardiac. 
uses will gain widespread adoption. 


REFERENCES ; 
1. Goldman MR, Pohost GM, Ingwali JS, Fossell ET. NMR imaging: potenti : 
cardiac application. Am J Cardiol 1980;46:1278-1283. 





The benefit of antianginal 
protection plus safety... 





CARDIZEM: 


diltiazem HCl/Marion 





A FULLER LIFE 


A remarkable safety profile'° 


The low incidence of side effects with Cardizem allows patients to feel better. 


Protection against angina attacks'*’°’ 
The predictable efficacy of Cardizem in stable exertional* and vasospastic 
angina allows patients to do more. 


A decrease in myocardial oxygen demand 


Resulting from a lowered heart rate-blood pressure product.’ 
Compatible with other antianginals* 


Safe in angina with coexisting hypertension, 
COPD, asthma, or PVD'?** 


*CARDIZEM® (diltiazem HCI) is indicated in the treatment of angina pectoris due to coronary artery spasm and in the 
management of chronic stable angina (classic effort-associated angina) in patients who cannot tolerate therapy with 
beta-blockers and/or nitrates or who remain symptomatic despite adequate doses of these agents. 

‘See Warnings and Precautions. 
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CARDIZEM® 
(diltiazem HCI) 
30 mg, 60 mg, 90 mg and 120 mg Tablets 
CONTRAINDICATIONS 

CARDIZEM is contraindicated in (1) patients with sick sinus 
syndrome except in the presence of a functioning ventricular 
pacemaker, (2) patients with second- or third-degree AV block 
except in the presence of a functioning ventricular pacemaker, (3) 
patients with hypotension (less than 90 mm Hg systolic), (4) 
patients who have demonstrated hypersensitivity to the drug, 
and (5) patients with acute myocardial infarction and 
pulmonary congestion documented by x-ray on admission 
WARNINGS 

1. Cardiac Conduction. CARDIZEM prolongs AV node 
refractory periods without significantly prolonging sinus 
node recovery time, except in patients with sick sinus 
syndrome. This effect may rarely result in abnormally slow 
heart rates (particularly in patients with sick sinus 
syndrome) or second- or third-degree AV block (six of 1,243 
patients for 0.48%). Concomitant use of diltiazem with 
beta-blockers or digitalis may result in additive effects on 
cardiac conduction. A patient with Prinzmetal's angina 
developed periods of asystole (2 to 5 seconds) after a 
single dose of 60 mg of diltiazem. 

2. Congestive Heart Failure. Although diltiazem has a 
negative inotropic effect in isolated animal tissue 
preparations, hemodynamic studies in humans with 
normal ventricular function have not shown a reduction 
in cardiac index nor consistent negative effects on 
contractility (dp/dt). Experience with the use of CARDIZEM 
alone or in combination with beta-blockers in patients 
with impaired ventricular function is very limited. Caution 
should be exercised when using the drug in such patients. 

3. Hypotension. Decreases in blood pressure associated 
with CARDIZEM therapy may occasionally result in 
symptomatic hypotension 

4. Acute Hepatic Injury. In rare instances, significant 
elevations in enzymes such as alkaline phosphatase, LDH, 
SGOT, SGPT, and other phenomena consistent with acute 
hepatic injury have been noted. These reactions have 
been reversible upon discontinuation of drug therapy. The 
relationship to CARDIZEM is uncertain in most cases, but 
probable in some. (See PRECAUTIONS.) 

PRECAUTIONS 

General. CARDIZEM (diltiazem hydrochloride) is extensively 
metabolized by the liver and excreted by the kidneys and in 
bile. As with any drug given over prolonged periods, laboratory 
parameters should be monitored at regular intervals. The drug 
should be used with caution in patients with impaired renal or 
hepatic function. In subacute and chronic dog and rat studies 
designed to produce toxicity, high doses of diltiazem were 
associated with hepatic damage. In special subacute hepatic 
studies, oral doses of 125 mg/kg and higher in rats were 
associated with histological changes in the liver which were 
reversible when the drug was discontinued. In dogs, doses of 
20 mg/kg were also associated with hepatic changes; however, 
these changes were reversible with continued dosing. 

Dermatological events (see ADVERSE REACTIONS section) 
may be transient and may disappear despite continued use of 
CARDIZEM. However, skin eruptions progressing to erythema 
multiforme and/or exfoliative dermatitis have also been 
infrequently reported. Should a dermatologic reaction persist, 
the drug should be discontinued. 

Drug Interaction. Due to the potential for additive effects, 
caution and careful titration are warranted in patients receiving 
CARDIZEM concomitantly with any agents known to affect 
cardiac contractility and/or conduction. (See WARNINGS.) 

Pharmacologic studies indicate that there may be additive 
effects in prolonging AV conduction when using beta-blockers or 
digitalis concomitantly with CARDIZEM. (See WARNINGS.) 

As with all drugs, care should be exercised when treating 
patients with multiple medications. CARDIZEM undergoes bio- 
transformation by cytochrome P-450 mixed function oxidase 
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180-360 mg/day 


Coadministration of CARDIZEM with other agents which follow 

the same route of biotransformation may result in the competi- 
tive inhibition of metabolism. Dosages of similarly metabolized 
drugs, particularly those of low therapeutic ratio or in patients 

with renal and/or hepatic impairment, may require adjustment 

when starting or stopping concomitantly administered CARDIZEM 
to maintain optimum therapeutic blood levels. 

Beta-blockers: Controlled and uncontrolled domestic studies 
suggest that concomitant use of CARDIZEM and beta-blockers 
or digitalis is usually well tolerated. Available data are not 
sufficient, however, to predict the effects of concomitant 
treatment. particularly in patients with left ventricular 
dysfunction or cardiac conduction abnormalities. 

Administration of CARDIZEM (diltiazem hydrochloride) 
concomitantly with propranolol in five normal volunteers 
resulted in increased propranolol levels in all subjects and 
bioavailability of propranolol was increased approximately 50%. 
If combination therapy is initiated or withdrawn in conjunction 
with propranolol, an adjustment in the propranolol dose may 
be warranted. (See WARNINGS.) 

Cimetidine: A study in six healthy volunteers has shown a 
significant increase in peak diltiazem plasma levels (58%) and 
area-under-the-curve (53%) after a one-week course of cimetidine 
at 1,200 mg per day and diltiazem 60 mg per day. Ranitidine 
produced smaller, nonsignificant increases. The effect may be 
mediated by cimetidine’s known inhibition of hepatic cytochrome 
P-450, the enzyme system probably responsible for the first-pass 
metabolism of diltiazem. Patients currently receiving diltiazem 
therapy should be carefully monitored for a change in 
pharmacological effect when initiating and discontinuing 
therapy with cimetidine. An adjustment in the diltiazem dose 
may be warranted. 

Digitalis: Administration of CARDIZEM with digoxin in 24 
healthy male subjects increased plasma digoxin concentrations 
approximately 20%. Another investigator found no increase in 
digoxin levels in 12 patients with coronary artery disease. Since 
there have been conflicting results regarding the effect of digoxin 
levels, itis recommended that digoxin levels be monitored when 
initiating, adjusting, and discontinuing CARDIZEM therapy to 
avoid possible over- or under-digitalization. (See WARNINGS.) 

Anesthetics: The depression of cardiac contractility. 
conductivity, and automaticity as well as the vascular dilation 
associated with anesthetics may be potentiated by calcium 
channel blockers. When used concomitantly, anesthetics and 
calcium blockers should be titrated carefully. 

Carcinogenesis, Mutagenesis, Impairment of Fertility. A 
24-month study in rats and a 21-month study in mice showed 
no evidence of carcinogenicity. There was also no mutagenic 
response in in vitro bacterial tests. No intrinsic effect on fertility 
was observed in rats. 

Pregnancy. Category C. Reproduction studies have been con- 
ducted in mice, rats, and rabbits. Administration of doses ranging 
from five to ten times greater (on a mg/kg basis) than the daily 
recommended therapeutic dose has resulted in embryo and 
fetal lethality. These doses, in some studies, have been reported 
to cause skeletal abnormalities. In the perinatal/postnatal 
Studies, there was some reduction in early individual pup 
weights and survival rates. There was an increased incidence 
of stillbirths at doses of 20 times the human dose or greater. 

There are no well-controlled studies in pregnant women, 
therefore, use CARDIZEM in pregnant women only if the potential 
benefit justifies the potential risk to the fetus 

Nursing Mothers. Diltiazem is excreted in human milk. One 
report suggests that concentrations in breast milk may approxi- 
mate serum levels. If use of CARDIZEM is deemed essential, an 
alternative method of infant feeding should be instituted 

Pediatric Use. Safety and effectiveness in children have not 
been established. 

ADVERSE REACTIONS 

Serious adverse reactions have been rare in studies carried 
out to date, but it should be recognized that patients with 
impaired ventricular function and cardiac conduction abnormali- 
ties have usually been excluded 
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In domestic placebo-controlled trials, the incidence of adverse 
reactions reported during CARDIZEM therapy was not greater 
than that reported during placebo therapy. 

The following represent occurrences observed in clinical 
studies which can be at least reasonably associated with the 
pharmacology of calcium influx inhibition. In many cases, the 
relationship to CARDIZEM has not been established. The most 
common occurrences as well as their frequency of presentation 
are: edema (2.4%), headache (2.1%), nausea (1.9%), dizziness 
(1.5%), rash (1.3%), asthenia (1.2%). In addition, the following 
events were reported infrequently (less than 1%). 
Cardiovascular: Angina, arrhythmia, AV block (first degree), 
AV block (second or third degree—see 
conduction warning), bradycardia, 
congestive heart failure, flushing, 
hypotension, palpitations, syncope. 
Amnesia, depression, gait abnormality, 
hallucinations, insomnia, nervousness, 
paresthesia, personality change, 
somnolence, tinnitus, tremor. 

Anorexia, constipation, diarrhea, 

dysgeusia, dyspepsia, mild elevations of 

alkaline phosphatase. SGOT, SGPT, and 

LDH (see hepatic warnings), vomiting, 

weight increase 

Petechiae, pruritus, photosensitivity, 

urticaria. 

Other. Amblyopia, CPK elevation, dyspnea, 
epistaxis, eye irritation, hyperglycemia, 
nasal congestion, nocturia, osteoarticular 
pain, polyuria, sexual difficulties. 

The following postmarketing events have been reported 
infrequently in patients receiving CARDIZEM: alopecia, gingival 
hyperplasia, erythema multiforme, and leukopenia. However, a 
definitive cause and effect between these events and CARDIZEM 
therapy is yet to be established. 
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(OUTS TI ET SE Sy Ei a Se 
Coronary Risk Associated with Age and Sex of 

- Parental Heart Disease in the Framingham Study 
Joellen M. Schildkraut, Richard H. Myers, 

L. Adrienne Cupples, Dan K. Kiely, and William B. Kannel 


We analyzed Framingham Study data to determine whether a 
parental history of death by coronary artery disease before or 
after 65 years of age is an independent risk factor for CAD. 
Parental CAD death was associated with a 30% increase in the 
tisk of CAD and the effect was stronger for early than for late 
CAD. 


(OTT) a a a De E ae a SS 
Usefulness of Percutaneous Transluminal Coronary 
Angioplasty in Alleviating Silent Myocardial Ischemia 
in Patients with Absent or Minimal Painful Myocardial 
Ischemia 

Gregg W. Stone, Susan Spaude, Robert W. Ligon, 

and Geoffrey O. Hartzler 


To examine the role of percutaneuos transluminal coronary 
angioplasty in patients with silent ischemia, we identified 50 
patients with 1-vessel disease and absent or minimal symptoms 
who underwent the procedure. The usefulness of PTCA was 
evident: only 7% of patients had a positive test result after 
PTCA and 94% of the patients were asymptomatic at the 3- 
year follow-up. 


TVS RR a La 
Effects of Sublingual Nitrate in Patients Receiving 
Sustained Therapy of Isosorbide Dinitrate for Coronary 
Artery Disease 

Hidetoshi Naito, Yasuo Matsuda, Kohtaro Shiomi, Tadao 
Yorozu, Toshiaki Maeda, Hirofumi Lee, Kohzaburo 

Seki, and Hiroya Nakashima 


We evaluated the effects of sublingual isosorbide dinitrate in 


patients with coronary artery disease by comparing this drug in 
patients receiving and not receiving sustained ISDN therapy. 
The decreases in aortic systolic pressure and left ventricular 
end-diastolic pressure, and increases in coronary artery diame- 
ter, after sublingual ISDN were greater in patients not treated 
with sustained ISDN therapy. These results might be related 
to the differences in the short-term effects of sublingual ISDN. 
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Sustained Effect of and Lack of Development of 
Tolerance to Controlled-Release Isosorbide-5- 
Mononitrate in Chronic Stable Angina Pectoris 
Gerald Wisenberg, Cathy Roks, Peter Nichol, and 
Michele D. Goddard 


We assessed the short-term and sustained effects of a single 
daily oral dose of isosorbide-5-mononitrate versus 4 times/day 
therapy with isosorbide dinitrate in 18 patients with chronic 
stable angina pectoris. ISMN provided significant antianginal 
effects with short-term and sustained therapy for at least 8.5 
hours, and minimized the development of tolerance. ISDN, 
after producing a similar period of benefit on short-term treat- 
ment, lost its effect after 11 to 14 days of therapy. 


577 
Effects of Occlusion of the Left Anterior Descending 
Coronary Artery During Angioplasty on Right-Sided 
Cardiac Pressures and Electrocardiographic Changes 
Shlomo Charlap, Nancy Schulhoff, Subbarao Mylavarapu, 
Alvin Greengart, Joseph Gelbfish, Linda Budzilowicz, 

Gerald Hollander, Edgar Lichstein, and Jacob Shani 


Baseline and coronary occlusion hemodynamics and 15-lead 
electrocardiograms were recorded in 42 patients during 32 left 
anterior descending coronary artery and 13 right coronary ar- 
tery angioplasties. Right ventricular dysfunction was seen with 
both artery occlusions. Although the right ventricular dysfunc- 
tion was the predominant abnormality in right coronary artery 
occlusions, in left anterior descending coronary artery occlu- 
sions it was proportional to left ventricular dysfunction. The 
presence of ST elevations in a right lead in left anterior de- 
scending coronary artery occlusions did not connote increased 
right ventricular dysfunction. 


ggi oe n T ee ee 
Tolerance with Low Dose Intravenous Nitroglycerin 
Therapy in Acute Myocardial Infarction 

Bodh I. Jugdutt and J. Wayne Warnica 


We examined the frequency and clinical impact of tolerance in 
154 patients with acute myocardial infarction treated with low 
dose intravenous nitroglycerin infusion. Tolerance affected 
24% of patients and blunted the beneficial effect of nitroglycer- 
in on infarct size, but not on other biologic parameters such as 
indexes of function, topography and complications. 
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OL PA e EN ie ell 
Influence of Thrombolytic Treatment Followed by Full 
Dose Anticoagulation on the Frequency of Left 
Ventricular Thrombi in Acute Myocardial Infarction 
Gabriele Lupi, Stefano Domenicucci, Francesco Chiarella, 
Paolo Bellotti, and Carlo Vecchio 


Can thrombolysis followed by full dose anticoagulation affect 
the frequency of left ventricular thrombi occurrence after 
acute myocardial infarction? Nineteen patients with first ante- 
rior wall AMI, admitted within 3 hours of symptom onset, 
were treated with streptokinase and full anticoagulation and 
then had frequent echocardiographic studies during the hospi- 
tal stay. Their results were compared to previous data from a 
similar control group—who did not receive antithrombotic 
therapy. Our results show that the occurrence of left ventricu- 
lar thrombi was significantly lower in the patients who received 
streptokinase and anticoagulation than in the patients who did 
not. 


2 = es SE Oe ee 
ARRHYTHMIAS AND CONDUCTION DISTURBANCES 
e E 


591 Se Se ee 
Prevalence of Silent Myocardial Ischemia in Survivors 
of Cardiac Arrest 

Murray P. Whitaker and David S. Sheps 


Do survivors of cardiac arrest have an increased prevalence of 
silent myocardial ischemia? We retrospectively studied 24 sur- 
vivors of cardiac arrest not associated with myocardial infarc- 
tion, and found that they had a high prevalence of exercise- 
induced ischemia, with ischemia silent in most. 


a Ee See ee ee ee a 
Nonsustained Ventricular Tachycardia Arising from the 
Right Ventricular Outflow Tract 

Alec H. Ritchie, Charles R. Kerr, Anzhen Qi, and 

John A. Yeung-Lai-Wah 


We used the characteristics of left bundle branch block mor- 
phology, inferiorly directed frontal plane QRS axis and repeti- 
tive nonsustained salvos to define a discrete subgroup of pa- 
tients with ventricular tachycardia arising from the right ven- 
tricular outflow tract. Compared with patients with other 
forms of VT, these were younger and had little structural heart 
disease. VT was more reliably induced by isoproterenol infu- 
sion or exercise testing. Prognosis, as evidenced by follow-up, 
was good. 


geL 2 SS EE ts ar Se eee eee eae a 
Intravenous Amiodarone for the Rapid Treatment of 
Life-Threatening Ventricular Arrhythmias in Critically 
Ill Patients with Artery Disease 

Robert P. Ochi, Irvin F. Goldenberg, Adrian Almquist, 

Marc Pritzker, Simon Milstein, Wes Pedersen, 

Fredarick L. Gobel, and David G. Benditt 
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How effective is intravenous amiodarone in preventing recur- 
rent life-threatening ventricular tachyarrhythmias associated 
with cardiovascular collapse? Twenty-two critically ill patients 
had 2.4 + 2.3 episodes of ventricular tachycardia, ventricular 
fibrillation, or both, before amiodarone. They were reduced to 
1.1 + 1.6 within the 24 hours after initiation of intravenous 
amiodarone, and to 0.4 + 0.7 in the second 24-hour amioda- 
rone period. Twelve patients were discharged from the hospital 
and 8 remained alive after a follow-up of 22 + 14 months. 


SYSTEMIC HYPERTENSION 


Gg a, E PE OR NS SRN IMT A 
Usefulness of Twenty-Four-Hour Blood Pressure 
Patterns and Response to Short-Term Sodium 
Restriction in Normotensive Subjects in Detecting a 
Predisposition to Systemic Arterial Hypertension 

Pietro Cugini, Daniele Danese, Paola Battisti, 

Loredana Di Palma, Giuseppe Leone, and 

Terukazu Kawasaki 


The response to an abrupt dietary sodium restriction was inves- 
tigated in 20 normotensive subjects via 24-hour-blood pressure 
monitoring. Subjects with a positive pedigree for hypertension 
showed no significant response of the blood pressure mesor to 
acute dietary sodium deprivation, a finding that may be re- 
garded as a clinical marker for identification. 


CONGESTIVE HEART FAILURE 


609 

Relation Between Plasma Norepinephrine and 
Response to Medical Therapy in Men with Congestive 
Heart Failure Secondary to Coronary Artery Disease or 
Idiopathic Dilated Cardiomyopathy 

Walter Kao, Mihai Gheorghiade, Veronica Hall, and 

Sidney Goldstein 


Serial measurements of plasma norepinephrine and clinical 
heart failure score were monitored in 11 men with congestive 
heart failure for 1 year. We observed a significant difference in 
plasma norepinephrine levels between patients who responded 
to CHF therapy and those who did not. Plasma norepinephrine 
levels also correlated significantly with changes in clinical 
heart failure score. 


VALVULAR HEART DISEASE 


614 

Influence of Transmitral Filling Dynamics on 
Continuous-Wave Doppler Assessment of Aortic 
Regurgitation by Half-Time Methods 

Jean-Louis Vanoverschelde, Annie R. Taymans-Robert, 
Daniel A. Raphaél, and Jacques R. Cosyns 


Using continuous-wave Doppler echocardiography, we as- 
sessed the severity of aortic regurgitation in 30 consecutive 
patients. Our results confirm the clinical reliability of this mo- 
dality in the assessment of AR. 





G20 De E OSEIE OEOEE 
Combined Percutaneous Mitral and Aortic Balloon 

V 

Alfonso Medina, Armando Bethencourt, Ignacio Coello, 
Enrique Hernandez, Javier Goicolea, Eva Laraudogoitia, 
Francisco Melián, Francisco Jimenez, Antonio Drumond, 

and Eduardo Olalla 


Combined mitral and aortic balloon valvuloplasty could be 
considered successful in 9 of 10 patients who had symptomatic 
mitral and aortic rheumatic stenosis, resulting in a significant 
increase in both the mitral (0.97 + 0.19 to 1.80 + 0.26 cm?) 
and aortic valve area (0.63 + 0.18 to 1.15 + 0.32 cm?). Com- 
bined mitral and aortic percutaneous balloon valvuloplasty 
could be a valid alternative treatment in selected patients with 
mitral and aortic rheumatic stenosis. Further experience and 
long-term hemodynamic follow-up are necessary to define the 
role of this mode of treatment. 


CONGENITAL HEART DISEASE 


625. č —— ——— l 
Continuous Spectral Analysis of Heart Murmurs for 
Evaluating Stenotic Cardiac Lesions 

Richard L. Donnerstein 


The maximum entropy method for continuous frequency anal- 
ysis of cardiac murmurs is presented; it establishes that domi- 
nant frequencies contained in heart murmurs are related to 
instantaneous jet velocities distal to the associated obstruction. 
This microcomputer-based method could provide a noninva- 
sive means of investigating the origin of heart murmurs and 
assessing valve stenoses. 


MISCELLANEOUS 


631 

Lovastatin Therapy for Hypercholesterolemia in 
Cardiac Transplant Recipients 

Paul C. Kuo, James M. Kirshenbaum, John Gordon, 
Glenn Laffel, Pia Young, Verdi J. DiSesa, Gilbert H. 
Mudge, Jr., and Douglas E. Vaughan 


We administered lovastatin for 1 year to 11 cardiac transplant 
recipients with type II hyperlipidemia. Total cholesterol and 
low density lipoprotein cholesterol decreased by 27 and 34%, 
respectively, after 3 months and remained constant. Lovastatin 
appears to be safe and effective for cardiac transplant patients 
with hypercholesterolemia. 


o AE ENE E E A E ES 
Influence of Beta Blockade on Exercise Capacity and 
Heart Rate Response After Human Orthotopic and 
Heterotopic Cardiac Transplantation 

Salim Yusuf, Stergios Theodoropoulos, Nazir Dhalla, 
Christopher J. Mathias, Koon K. Teo, Janet Wittes, 

and Magdi Yacoub 


We studied the effects of intravenous propranolol during dy- 
namic exercise in 7 patients with heterotopic and 6 with ortho- 
topic cardiac transplantations. We observed an average de- 
crease of 15% in exercise duration, a 34% reduction in systolic 
blood pressure increase and a 40% attenuation of increase in 
heart rate. No adverse effects were observed during exercise. 


642 oa ee a ee 
Exercise Capacity During the First Year After Cardiac 
Transplantation 

Arthur J. Labovitz, Ami M. Drimmer, Lawrence R. McBride, 
D. Glenn Pennington, Vallee L. Willman, and Leslie W. Miller 


We studied 40 patients who underwent cardiac transplantation 
to examine the influence of perioperative clinical parameters 
on exercise capacity. Although the physiologic responses to 
exercise were similar to those of normal subjects, we observed 
a significant decrease in oxygen consumption uptake. Ischemic 
damage during transport of the donor organ and subclinical 
damage during early rejection may only be apparent during 
exercise. 


646 yh i ee eee 
Influence of Age and Sex on Left Ventricular Filling at 
Rest in Subjects Without Clinical Cardiac Disease 
Lawrence J. Sinak and lan P. Clements 


Radionuclide ventriculography with alternate R-wave gating 
was used to study left ventricular filling at rest in 42 patients 
with a low likelihood of cardiac disease. Gender did not affect 
LV filling. Age was positively correlated with atrial filling and 
negatively correlated with rapid filling fraction. Peak filling 
rate, time to peak filling rate and first-half filling fraction were 
not correlated with age. 


GR CE es BPE es a a ee 
A Brief Self-Administered Questionnaire to Determine 
Functional Capacity (The Duke Activity Status Index) 
Mark A. Hlatky, Robin E. Boineau, Michael B. Higginbotham, 
Kerry L. Lee, Daniel B. Mark, Robert M. Califf, 

Frederick R. Cobb, and David B. Pryor 


We developed the Duke Activity Status Index, a brief, self- 
administered questionnaire that attempts to accurately mea- 
sure functional capacity and assess aspects of quality of life, by 
studying 50 subjects undergoing exercise testing with measure- 
ment of peak oxygen uptake. We then tested this new index in 
an independent group of 50 subjects. The Duke Activity Status 
Index is a valid measure of functional capacity that can be 
obtained by self-administered questionnaire. 





METHODS 


GBB tire ee a UE ARI a es SL 
Noninvasive Measurement of Left Ventricular Filling 
Pressures by Means of Transmitral Pulsed Doppler 
Ultrasound 

Thomas V. Stérk, Reinhold M. Müller, Günter J. Piske, 
Christoph O. Ewert, and Hans Hochrein 


Do left ventricular filling parameters obtained by means of 
transmitral pulsed Doppler echocardiography provide a reli- 
able noninvasive measurement of LV filling pressures? We 
obtained highly significant correlations between the A/E ratio 
of integrals and LV end-diastolic pressure (r = 0.98) and pul- 
monary capillary wedge pressure (r = 0.98) in 54 patients. In 
addition, another significant correlation (r = 0.99) was deter- 
mined between the calculated and invasively measured LV fill- 
ing pressures in a smaller group of 19 patients. 
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co EN Sa EC ES NE ace oe ee 
Factors Influencing Accuracy in Left Ventricular 
Volume Determination 

Florence H. Sheehan and Suzanne Mitten 

The accuracy with which left ventricular volume is determined 
from contrast ventriculograms depends on the care with which 
the analysis protocol is followed. This study measured the ef- 
fect of variations in the method used for calculating the correc- 
tion factor that adjusts for magnification and image distortion 
on volume calculation. Results show that the correction factor 
is most accurate when calculated by tracing a calibration fig- 
ure that is the size of the left ventricular contour or from a 
banded catheter. 


BRIEF REPORTS 


665 

High Incidence of Acute Coronary Occlusions 
Complicating Percutaneous Transluminal Coronary 
Angioplasty for Angina Pectoris 

Elliot Chesler, Charles Gornick, Gordon Pierpont, 

and E. Kenneth Weir 


667 Se ee E a a AEA 
Restenosis After Excellent Angiographic Angioplasty 
Result for Chronic Total Coronary Artery Occlusion— 
Implications for Newer Percutaneous Revascularization 
Devices 

Stephen G. Ellis, Richard E. Shaw, Spencer B. King, III, 
Richard K. Myler, and Eric J. Topol 


668 
Assessment by Doppler Color Flow Mapping of 
Ventricular Septal Defect After Acute Myocardial 
Infarction 

Gerald Maurer, Lawrence S.C. Czer, Prediman K. Shah, 
and Aurelio Chaux 





671 R BANORNA] eS eee 
Effect of Propafenone Hydrochloride on Lymphocyte 
Membrane Beta2 Adrenoceptors in Ventricular 
Arrhythmias 

Milou D. Drici, Valérie Sbirrazzuoli, Rodolphe Garraffo, 
Alain Wajman, Philippe Morand, and Philippe Lapalus 


arriba: 2200 ae PA aE AE E. DEN aE AE 
Increases in Atrial Natriuretic Peptide After Delivery 
and in the Puerperium 

Daniel Duprez, Jean-Marc Kaufman, Yan-Ru Liu, 

Josée Van Hoecke, Yves Van Trappen, Michel Thiery, 
Alex Vermeulen, and Denis Clement 


676 a a a 
Noninvasive Evaluation of Cardiac Structure and 
Function in Alpinists 

Thrassivulos K. Kiratjoglu, Konstantinos D. Gemitzis, 
and Charalampos P. Kougioumtzidis 
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CASE REPORTS 


680 

Macroreentrant Ventricular Tachycardia 

and Coronary Artery Disease in Cerebrotendinous 
Xanthomatosis 

Peng-Sheng Chen, R. Peter Fleck, Constance M. Calisi, 
Joseph A. Kozina, and Gregory K. Feld 


683 

Acute Myocardial Infarction Complicating 
Recanalization of Aortocoronary Bypass Grafts with 
Urokinase Therapy 

Louis S. McKeever, Joseph R. Hartmann, Vincent J. 
Bufalino, Joseph C. Marek, Alan S. Brown, Mark J. 
Goodwin, Michael A. Colandrea, Nicholas J. Stamato, 
John M. Cahill, Michael J. O'Donnell, Firouz Amirparviz, 
and Elaine L. Enger 


685 

Adenosine in Altering Short- and Long-Term 
Treatment of Supraventricular Tachycardia in Infants 
Anthony F. Rossi and David A. Burton 


687 

Operative Correction of Subcarinal Left Pulmonary 
Artery Originating from the Right Pulmonary Artery 
Robert N. Vincent, George Armstrong, 

Maryanne L. Dokler, and Willis H. Williams 


689 ee L E 
Evaluation of Coronary Arterial Fistula by Color-Coded 
Doppler Echocardiography 

Kai-chiu Lau and Yin-ming Ng 


691 

Use of Venous Contrast Echocardiography for 
Diagnosis of Cardiac Tamponade 

Alexander A. Stratienko, Stewart G. Pollock, 
Mark W. Keller, and lan J. Sarembock 


FROM THE EDITOR 


693 

Lipid-Lowering Therapy After an 
Atherosclerotic Event 

William C. Roberts 
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Standard Electrocardiographic Extremity Leads 
Cardiac Denervation and Long QT Interval 
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CORONARY ARTERY DISEASE 


ie he E PEIRE ET A ATE OAN S AAN Me SND T | NAN 
Coronary Risk Associated with Age and Sex of Parental Heart 
Disease in the Framingham Study 

Joellen M. Schildkraut, Richard H. Myers, L. Adrienne Cupples, Dan K. 
Kiely, and Wiliam B. Kannel 


We analyzed Framingham Study data to determine whether a parental 
history of death by coronary artery disease (CAD) before or after 65 years 
of age is an independent risk factor for CAD. Parental CAD death was 
associated with a 30% increase in the risk of CAD and the effect was 
stronger for early CAD (age younger than 60 years) than for late CAD 
(age 60 years or older). The association with parental history of CAD was 
similar among men and women. The effect of parental CAD death on risk 
was not mediated by other shared risk factors for CAD. Risk was similar 
for those with either a mother or a father with CAD, if CAD onset in the 
offspring occurred before 60 years of age. For persons with CAD at age 60 
years or older, maternal CAD death was a stronger predictor of CAD than 
paternal CAD death. 


560 

Usefulness of Percutaneous Transluminal Coronary 
Angioplasty in Alleviating Silent Myocardial Ischemia in 
Patients with Absent or Minimal Painful Myocardial Ischemia 
Gregg W. Stone, Susan Spaude, Robert W. Ligon, and 

Geoffrey O. Hartzler 


To examine the role of percutaneous transluminal coronary angioplasty 
(PTCA) in patients with silent ischemia, we identified 50 consecutive 
patients with 1-vessel disease and absent or minimal symptoms who un- 
derwent PTCA. Exercise-induced ischemia was present in 45 of 49 pa- 
tients (92%) tested. The remaining 5 patients had a critical stenosis in a 
vessel supplying a large myocardial territory. A total of 75 lesions were 
dilated, 71 successfully (95%). Complications consisted of 1 urgent bypass 
operation (2%). After PTCA, only 7% of patients had a positive exercise 
test result (p <0.0005 vs before PTCA). At 3-year follow-up, 46 of 49 
patients alive (94%) were asymptomatic (p <0.0005 vs before PTCA). 
The 3-year actuarial survival and infarct-free survival were 98 and 96%, 
respectively. Five patients (10%) crossed over to bypass surgery and 14 
patients (28%) underwent repeat PTCA. In patients with 1-vessel disease 
and absent or minimal symptoms, PTCA markedly reduces the incidence 
of exercise-induced ischemia and results in a favorable long-term progno- 


sis. 
Continued on page A23 
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)) in Type lib patients with | | 
val *-cholesterol and triglycerides, and who have had an 
inadequate response to weight loss, diet, exercise, and other 
pharmacologic agents such as bile acid sequestrants and nicotinic 
acid. The potential benefit of gemfibrozil in treating Type lla 
patients who have elevations of LDL-cholesterol as their only lipid 
abnormality is not likely to outweigh the risks. 
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Summary folic ; 
CLINICAL PHARMACOLOGY. Lopid (gemfibrozil capsules and tablets) iS.a lipid regulating 
gent which decreases serum triglycerides and very low density. lipoprotein (VLDL) choles- 
rol, and increases high density lipoprotein (HDL) cholesterol. While modest decreases in 
tal and low density lipoprotein (LDL). cholesterol may be observed with Lopid therapy, 
treatment of patients with elevated triglycerides due to Type IV hyperlipoproteinemia often 
fesults in a rise in. LDL-cholesterol. LDL-cholestero! levels in Type lib patients with elevations 
of both serum: LDL-cholesterol and triglycerides are, in general, minimally affected by Lopid 
treatment: however, Lopid usually raises HDL-cholesterol significantly in this group. Lopid 
incréases levels of high density lipoprotein (HDL) subfractions HDL, and HDL, , as well as 
apolipoproteins Al and All. Epidemiological studies have shown that both low HDt-choles- 
terol and high LDL-cholesterol are independent risk factors for coronary heart disease. 
1 in the Helsinki Heart Study, a large, randomized, double-blind, placebo-controlied, 
primary prevention trial in 4081 male patients between the ages of 40 and 55, Lopid therapy 
was associated with significant reductions in total plasma triglycerides and a significant 
“increase in high density lipoprotein cholesterol. Moderate reductions in total plasma choles- 
© terol and low density lipoprotein cholesterol were observed for the Lopid treatment group as 

a whole, but the lipid response was heterogeneous. especially among different Fredrickson 

ypes. The study involved subjects with serum non-HDL-cholesterol of over 200 mg/dl and 
‘NO. previous history of coronary heart disease. Over the five-year study period, the Lopid 
group experienced á 34% reduction in serious coronary events (sudden cardiac deaths 
pius fatal and nonfatal myocardial infarctions) compared to placebo. There was a 37% 
reduction in nonfatal myocardial infarction. The greatest reduction in the incidence of serious 
coronary events occurred in Type lib patients who had elevations of both LDL-cholesterol 
‘and total plasma triglycerides. This subgroup of Type lib gemfibrozil group patients had a 

ower mean HDL:cholesteroi level at baseline than the Type lla subgroup that had elevations 

of COL-cholestera! and normal plasma triglycerides. The mean increase in HDL-cholesterol 
jong the Type IIb patients in this study was 12.6% compared to placebo. It is not clear to 
what extent the findings of the Helsinki Heart Study can be extrapolated to other segments of 
the dyslipidemic population not studied or to other lipid-altering drugs 

“The mechanism of action has not been definitively established. In man, Lopid has been 
Shown to inhibit peripheral lipolysis and to decrease the hepatic extraction of free fatty acids, 
thus reducing hepatic triglyceride production. Lopid inhibits synthesis and increases clear- 
ace of VLOL carrier apolipoprotein B, leading to a decrease in VLDL production 
Animal studies suggest that Lopid may, in addition to elevating HDL-cholesterol. reduce 
incorporation of long-chain fatty acids into newly formed triglycerides. accelerate turnover 
and rémoval of cholesterol from the liver, and increase excretion of cholesterol in the feces 
`- uLopid is well absorbed from the gastrointestinal tract after oral administration. Peak 
piasma levels occur in one to two hours with a plasma half-life of 1.5 hours following multiple 
doses. Plasma levels appear proportional to dose and do not demonstrate accumulation 
actoss time following multiple doses. 

Lapid mainly undergoes oxidation of a ring methyl group to successively form a hydroxy- 
methyl and a carboxyl metabolite Approximately seventy percent of the administered 

human dose is excreted in the urine, mostly as the glucuronide conjugate. with less than 2% 
excreted as unchanged gemfibrozil. Six percent of the dose is accounted for in the feces. 
CONTRAINDICATIONS. 1. Hepatic or severe renal dysfunction, including primary biliary 
cirrhosis. 

2. Preexisting gallbladder disease (See WARNINGS). 

3. Hypersensitivity to gemfibrozil 

WARNINGS, 1. Because of chemical, pharmacological, and clinical similarities between 
gemfibrozil and clofibrate, the adverse findings with clofibrate in two large chncal studies 
May also apply to gemfibrozil. in the first of those studies, the Coronary Drug Project, 1000 
subjects with previous myocardial infarction were treated tor five years with clofibrate. There 
was no difference in mortality between the clofibrate-treated subjects and 3000 placebo- 
treated subjects, but twice as many clofibrate-treated subjects developed cholelithias:s and 
cholecystitis requiring surgery. In the other study. conducted by the World Health Organi- 
zation (WHO), 5000 subjects without known coronary heart disease were treated with 
ciofibrate for five years and followed one year beyond. There was a statistically significant. 
29%, higher total mortality in the clofibrate-treated than in a comparable placebo-treated 
control group. The excess mortality was due to a 33% increase in noncardiovascular causes, 
including malignancy, post-cholecystectomy complications, and pancreatitis. The higher risk 
of clofibrate-treated subjects for gallbladder disease was confirmed. 

During the Helsinki Heart Study and in the 1¥2 year follow-up period since the trial was 
completed, mortality trom any cause was 59 (2.9%) in the Lopid group and 55 (2.7%) inthe 
placebo group. Mortality from any cause during the double-blind portion of the study was 44 
deaths in the Lopid group and 43 in the placebo group. Because of the more limited size of 
the Helsinki Heart Study, this resuit is not statistically-significantly different frorn the 29% 
“excess Mortality seen in the clofibrate group in the separate WHO study Nonceronary heart 
disease related mortality showed a 58% greater trend in the Lopid group (43 vs 27 patients 
in the placebo group. p=0.056). 

In the Helsinki Heart Study, the incidence of total malignancies discovered during the trial 
and in the 1Y2 years since the trial was completed was 39 in the Lopid group and 29 in the 
placebo group (difference not statistically significant}. This includes 5 basal cell carcinomas 
in the Lopid group and none in the placebo group (p=0.06. historical data predicted an 
expected 4.7 cases in the placebo group). GI malignancies and deaths from malignancies 
were not statistically difterent between Lopid and placebo subgroups. Follow-up of the 

' Helsinki Heart Study participants will provide further information on cause-specitic mortality 
` and cancer morbidity 

2. A gallstone prevalence substudy of 450 Helsinki Heart Study participants showed a 
trend toward a greater prevalence of gallstones during the study within the Lopid treatment 
group (7.5% vs 4.9% for the placebo group, a 55% excess for the gemfibrozil group). A trend 
toward a greater incidence of gallbladder surgery was observed for the Lopid group (17 vs 
“1 subjects, a 54% excess). This result did not differ statistically from the increased inci- 
dence.of cholecystectomy observed in the WHO study in the group treated with clofibrate. 
» Both clofibrate and gemfibrozil may increase cholesterol excretion into the bile leading to 

- cholelithiasis. If. cholelithiasis is suspected, gallbladder studies are indicated. Lopid therapy 

should be discontinued if gallstones are found 
8. Since a reduction of mortality from coronary artery disease has not been demonstrated 
ji sé liver and interstitial cell testicular tumors were increased in rats. Lopid should 
inistered only to those patients described in the INDICATIONS AND USAGE section 
if sg ant serum lipid response is not obtained, Lopid shouid be discontinued 
: incomitant Anticoagulants — Caution should be exercised when anticoagulants are 
ven in conjunction with Lopid. The dosage of the anticoagulant should be reduced to 
maintain the prothrombin time at the desired level to prevent bi jeeding complications. 
Frequent prothrombin determinations are advisable until it has been definitely determined 
at thë prothrombin level has stabilized. 
5, Concamitant therapy with Lopid and Mevacor” (lovastatin) has been associated with 
thabdomyolysis, markedly elevated creatine kinase (CK) levels and myogiobinuria. leading 
ina high proportion of cases to acute renal failure. In most subjects who have had an 
atislactory lipid response to either drug alone, the possible benefit of combined therapy 
vith lovastatin and gemfibrozil does not outweigh the risks of severe myopathy, rhabdemyo- 
lysis, and acute renai faiture (See Drug Interactions). The use of fibrates alone, including 
pid, May occasionally be associated with myositis. Patients receiving Lopid and complain- 
ing of muscle pain, tenderness, or weakness should have prompt medical evaluation for 
myositis, including serum creatine kinase level determination, If myositis is suspected or 

< diagnosed, Lopid therapy should be withdrawn. 
6. Cataracts Subcapsular bilateral cataracts occurred in 10%. and unilateral in 6.3% of 
male fats treated with gemfibrozil'at 10 times the human dose. 
| PRECAUTIONS. 1. Initial Therapy — Laboratory studies should be done to ascertain that 

“the lipid fevels are consistently abnormal. Before instituting Lopid therapy, every attempt 

¿should be made'to contro! serum lipids with appropriate diet. exercise, weight loss in obese 

“patients, and control of any medical problems- such as diabetes mellitus and hypothyrcidism 

that are contributing to the lipid abnormalities. : 
2. Continued Therapy — Periodic determination of serum lipids should be Obtained. and 




































































































ules and Tablets) a 
- the drug withdrawnif lipid response is inadequate alter 3 months of therapy. ë 

3 Drug Interactions — (A) Lovastatin: Rhabdomyolysis has occurred with combined 

gemfibrozil and lovastatin therapy. It may be seen as early as 3 weeks after initiation of 
combined therapy or after several months. in most subjects who have had an unsatistactory 
lipid response to either drug alone, the possible benefit of combined therapy with lovastatin 
and gemfibrozil does not outweigh the risks of severe myopathy, rhabdomyolysis, and acute 
renal failure. There is no assurance that periodic monitoring of creatine kinase will prevent 
the occurrence of severe myopathy and kidney damage. 

(B) Anticoagulants: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGULANTS 
ARE GIVEN IN CONJUNCTION WITH LOPID. THE DOSAGE OF THE ANTICOAGULANT 
SHOULD BE REDUCED TO MAINTAIN THE PROTHROMBIN TIME AT THE DESIRED 
LEVEL TO PREVENT BLEEDING COMPLICATIONS. FREQUENT PROTHROMBIN DETER. 
MINATIONS ARE ADVISABLE UNTIL IT HAS BEEN DEFINITELY DETERMINED THAT THE 
PROTHROMBIN LEVEL HAS STABILIZED. 

4. Carcinogenesis, Mutagenesis, Impairment of Fertility — Long-term studies have 
been conducted in rats and mice at one and ten times the human dose The incidence of 
benign liver nodules and liver carcinomas was significantly increased in high dose male rats. 
The incidence of liver carcinomas increased also in low dose males, but this increase was.not 
Statistically significant (p=0.1). In high dose female rats, there was a significant increase in 
the combined incidence of benign, and malignant liver neoplasms. In male and female mice, 
there were no statistically significant differences from controls in the incidence of liver tumors. 
but the doses tested were lower than those shown to be carcinogenic with other fibrates. 

Male rats had a dose-related and statistically significant increase of benign Leydig cell 
tumors at 1 and 10 times the human dose. 

Electron microscopy studies have demonstrated a florid hepatic peroxisome proliferation 
following Lopid administration to the male rat. An adequate study to test for peroxisome 
prot-feration has not been done in humans but changes in peroxisome morphology have 
been observed. Peroxisome proliferation has been shown to occur in humans with either of 
two other drugs of the fibrate class when liver biopsies were compared before and alter 
treatment in the same individual 

Administration of approximately three or ten times the human dose to male rats for 10 weeks 
resulted in a dose-related decrease of fertility. Subsequent studies demonstrated that this 
effect was reversed after a drug-free period of about eight weeks, and it was not transmitted 
to the offspring. 

5 Pregnancy Category B ~ Reproduction studies have been performed in the rat at 
doses 3 and 9 times the human dose, and in the rabbit at 2 and 6.7 times the human dose. 
These studies have revealed no evidence of impaired fertility in females or harm to the fetus 
due to Lopid. Minor fetotoxicity was manifested by reduced birth rates observed at the high 
dose levels. No significant malformations were found among almost 400 offspring from 36 
htters of rats and 100 fetuses from 22 litters of rabbits. 

There are no studies in pregnant women. In view of the fact that Lopid is tumarigenic in 
mate and femate rats, the use of Lopid in Pregnancy should be reserved for those patients 
where the benefit clearly outweighs the possible risk to the patient or fetus 

6. Nursing Mothers — Because of the potential for tumorigenicity shown for gemfibrozil in 
rats, a decision should be made whether to discontinue nursing or discontinue the drug. 
taking into account the importance of the drug to the mother. 

7. Hematologic Changes — Mild hemoglobin. hematocrit and white blood cell decreases 
have been observed in occasional patients following initiation of Lopid therapy. However, 
these levels stabilize during long-term administration. Rarely, severe anemia, leu kopenia, 
thrombocytopenia. and bone marrow hypoplasia have been reported. Therefore. penodic 
blood counts are recommended during the first 12 manths of Lopid administration. 

8 Liver Function — Abnormal liver function tests have been observed occasionally during 
Lopid administration. including elevations of AST (SGOT), ALT (SGPT), LOH. bilirubin. and 
aikai:ne phosphatase. These are usually reversible when Lopid is discontinued. Therefore 
pencdic liver function studies are recommended and Lopid therapy should be terminated if 
abnormalities persist. 

9. Use in Children — Safety and efficacy in children have not been established. 

ADVERSE REACTIONS. In the double-blind controlled phase of the Heisinki Heart Study. 
204€ patients received Lopid for up to 5 years. in that study. the following adverse reactions 
were statistically more frequent in subjects in the Lopid group (placebo incidence in paren 
theses). gastrointestinal reactions, 34.2% (23.8%): dyspepsia. 19.6% (11.9%): abdominal 
pain, 98% (5.6%); acute appendicitis, 1.2% (0.6%), atrial fibrillation, 07% {0.1%}. 

Adverse events reported by more than 12% of su bects, but without a significant difference 
between groups (placebo incidence in parentheses) were: diarrhea, 7.2% (6 5%): fatigue. 
3.8% (3.5%): nausea/vomiting, 2.5% (2.1%): eczema, 1.9% (1.2%): rash, 1.7% (1 3%); 
vertigo. 1.5% (1.3%); constipation, 1.4% (1.3%); headache, 1.2% (1.1%). 

Gallbladder surgery was performed in 0.9% of Lopid and 0.5% of placebo subjects, a 64% 
excess, which is not statistically different from the excess of gallbladder surgery observed in 
the clofibrate compared to the placebo group of the WHO study. 

Nervous system and special senses adverse reactions were more commen in the Lopid 
group. These included hypesthesia, paresthesias. and taste perversion. Other adverse 
reactions that were more Common among Lopid treatment group subjects but where a 
causal relationship was not established include cataracts, peripheral vascular disease, and 
intracerebral hemorrhage. 

From other studies it seems probable that Lopid is causally related to the occurrence of 
musculoskeletal symptoms (See WARNINGS), and to abnormal liver function tests and 
hematologic changes (See PRECAUTIONS). 

Reports of viral and bacterial infections (common cold, cough, urinary tract infections) were 
more common in gemfibrozil treated patients in other controlled clinical trials of 805 patients. 

Additional adverse reactions that have been reported for gemfibrozil are listed below by 
system. These are categorized according to whether a causal relationship to treatment with 
Lopic is probable or not established 
CAUSAL RELATIONSHIP PROBABLE: Gastrointestinal: cholestatic jaundice; Central Ner: 
vous System: dizziness, somnolence, paresthesia, peripheral neuritis, decreased libido, 
depression, headache: Eye. blurred vision; Genitourinary: impotence: Musculoskeletal: 
myopathy, myasthenia, myaigia, painful extremities, arthralgia, synovitis, rhabdomyolysis 
{see WARNINGS and Drug Interactions under PRECAUTIONS). Clinical Laboratory: 
increased creatine phosphokinase, increased bilirubin, increased liver transaminases (AST 
{SGOT}. ALT [SGPT)). increased alkaline phosphatase; Hematopoietic. anemia, leukopenia, 
bone marrow hypoplasia, eosinophilia; Immunologic: angioedema, laryngeal edema, 
urticaria; integumentary: exfohative dermatitis, rash, dermatitis, pruritus 
CAUSAL RELATIONSHIP NOT ESTABLISHED: General: weight loss; Cardiac: extrasystoles: 
Gastrointestinal: pancreatitis, hepatoma, colitis, Central Nervous System: confusion, convul: - 
sions. syncope; Eye: retinal edema; Genitourinary: decreased male fertility: Clinical Labora- 
tory: positive antinuclear antibody; Hematopoietic: thrombocytopenia; immunologic: 
anaphylaxis, Lupus-like syndrome, vasculitis: Integumentary: alopecia : 
DOSAGE AND ADMINISTRATION. The recommended dose for adults is 1200 mg adminis» 
tered in two divided doses 30 minutes before the morning and evening meal. 
MANAGEMENT OF OVERDOSE. While there has been no reported case of overdosage, 
symptomatic supportive measures should be taken should it occur. 


References: 1. Frick MH, Elo O. Haapa K. et al: Helsinki Heart Study: Primary prevention 

trial with gemfibrozil in middle-aged men with dyslipidemia. N Eng! J Med 1987:317:1237-1245, 
2. Manninen V. Elo O. Fick MH. et al: Lipid alterations and decline in the incidence of 5 
coronary heart disease in the Helsinki Heart Study. JAMA 1988: 2860:641-651. 

3. Nikxila EA: Familial lipoprotein lipase deficiency and related disorders of chylomicron. 
metabolism. In Stanbury J. B. et al. (eds.): The Metabolic Basis of Inherited Disease, 5th'ed., 
McGraw-Hill, 1983, Chap. 30, pp. 622-642 a 


Caution — Federal law prohibits dispensing without prescription 
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Weve _ 
Redefined 


The - 
Meaning 
of IQ. 





I.Q. is image quality. Image quality 
so good, you’ve never seen any- 
thing like it. So advanced, you’ll 
never accept anything less. Whether 
it’s 2-D, Doppler, or color flow 
imaging, Hewlett-Packard’s SONOS 
phased array systems show you 
resolution that’s in a class by itself. 
That means absolute clarity, sharp- 
ness, and precision for the diagnos- 
tic confidence you need—even on 
the toughest patients. And after 
all, isn’t that the ultimate I.Q. test? 
If seeing is believing, then see for 
yourself. Let us show you why 

HP is Number One in cardiovascu- 
lar ultrasound imaging, and we'll 
show you image quality that rede- 
fines the meaning of I.Q. 


Full range of 64- 
and 128-element 
sector transducers, 
fully steerable 
288-element linear 
array peripheral 
vascular trans- 
ducer, and trans- 
esophageal imaging 
transducer. 


HP Precision 
Imaging technol- 
ogy delivers the 
best available 
2-D images—with 
finer texture and 
more sharply 
focused anatomy. 


Highest Doppler 
sensitivity and 
extremely accu- 
rate color flow 
imaging let you 
detect even the 
most subtle 
abnormalities. 


HEWLETT-PACKARD 
SØMM7S 3. 5MHZ-L 16CM 


XMIT:X HR: 99729 






Acoustic zoom image of long axis with a 3.5 MHz wide aperture 
transducer. 
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HEWLETT-PACKARD 





Precision color flow image of mitral regurgitation witha 
3.5 MHz wide aperture transducer. 
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Steerable continuous-wave Doppler spectrum of mitral stenosis 
with a 3.5 MHz wide aperture transducer. 


Phased Array Ultrasound Imaging 
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Pulsed-wave Doppler spectrum of pulmonary insufficiency. Long axis and short axis views of carotid artery and jugular 
vein with a 7.5 MHz linear array transducer. 
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Precision color flow image of aortic insufficiency with a Apical thrombus displayed on dual screen Continuous Loop 
3.5 MHz wide aperture transducer. Review (CLR) with a 5.0 MHz wide aperture transducer. 


2.5MHZ-M 5ØMM/S XMIT:B - A SOMM7S 2. SMHZ-M 
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Color M-mode demonstrating aortic insufficiency, mitral regur- Diastolic and systolic color flow image of pulmonary insuffi- 
gitation, and early closure of the mitral valve. ciency using dual sector format. 





Image quality from Hewlett-Packard. 
Just part of the bigger picture. 


Clinical versatility gives you 
a clear advantage. 

HP offers unmatched clinical 
performance over a wide range 
of cardiac applications: adult, 
pediatric, and neonatal. But it 
doesn’t stop there. You can also 
expand your diagnostic poten- 
tial with peripheral vascular 
and transesophageal 
capabilities. 


Upgradability protects your 
investment. 

In fact, nobody protects you 
like HP. And we have the track 
record to prove it. Since 1981, 
more than 14 upgrades have 
provided our customers with 
the very latest in high-perfor- 
mance features and capabili- 
ties. And as ultrasound imaging 
evolves, HP is committed to 
keeping you at the forefront of 
ultrasound technology. 


Reliability and support for 
a consistently high I.Q. 
Depend on it. Inherent system 
reliability has enabled us to 
deliver a 99% uptime guaran- 
tee since 1984. And for contin- 
ued support—should you ever 
need it—our Customer Re- 
sponse Centers are staffed with 
professional ultrasound engi- 
neers who can provide solu- 
tions to your technical and 
clinical problems. Now add to 
the picture over 80 U.S. and 
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150 worldwide medical sales 
offices and support sites, and 
it’s easy to see why more car- 
diologists look to HP than any 
other ultrasound system. 


Training customized to meet 
your needs. 

In addition to giving you the 
best image quality, we show 
you how to get the most out of 
it. With HP, you can choose 
from a number of customized 
training programs to meet your 
specific imaging needs. These 
include on-site training for sys- 
tem operation, preceptorship 
programs offering CME credits, 
HP-sponsored clinical symposi- 
ums and seminars, teleconfer- 
ences, and workshops. 


Wait until you see our I.Q. 
You'll like what you see. 
Because the closer you look, 
the better we look. Call your 
local HP sales representative. 
Or, in the United States, call 
1-800-637-3747 (in MA 508- 
687-1501, ext. 2475). Put our 
I.Q. to the test, and judge for 
yourself. What you'll see is 
image quality that passes 
every test. 
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L A ie Set Pe Ss aie Toad eh ai Dh 
Effects of Sublingual Nitrate in Patients Receiving Sustained 
Therapy of Isosorbide Dinitrate for Coronary Artery Disease 
Hidetoshi Naito, Yasuo Matsuda, Kohtaro Shiomi, Tadao Yorozu, 
Toshiaki Maeda, Hirofumi Lee, Kohzaburo Seki, and Hiroya Nakashima j 





To examine the effects of sublingual isosorbide dinitrate (ISDN) in pa- -H 
tients receiving sustained ISDN therapy, we divided 24 patients with | 
coronary artery disease into 2 groups. Group C comprised 12 patients 
without sustained ISDN therapy and group N included 12 patients with 
sustained ISDN therapy. With the administration of sublingual ISDN, 
the aortic systolic pressure decreased by 20 + 6% in group C and 10 + 6% 

in group N. The left ventricular end-diastolic pressure decreased by 65 + J 
16% in group C and 43 + 14% in group N. The coronary artery diameter a 
increased more significantly in group C than in group N. These results J 
might be related to the differences in short-term effects of sublingual 
ISDN for the relief of ischemia in patients with and without sustained 
ISDN therapy. 


Ge al ar hee PY ee hs ale ae Re Ee SS 
Sustained Effect of and Lack of Development of Tolerance to 
Controlled-Release Isosorbide-5-Mononitrate in Chronic Stable 
Angina Pectoris 

Gerald Wisenberg, Cathy Roks, Peter Nichol, and Michele D. Goddard 


We studied 18 patients with chronic stable angina pectoris to assess the 
short-term and sustained effects of a single daily oral dose of 60 mg of 
isosorbide-5-mononitrate (ISMN) versus 30 mg 4 times /day of isosorbide 
dinitrate (ISDN) using a double-blind, placebo-controlled, randomized 
crossover design. On short-term therapy, significantly improved treadmill 
walking times were observed through 12 hours after the first dose of 
ISMN. The pattern and degree of improvement were maintained after 11 
to 14 days of continuous therapy to 8.5 hours after the morning dose. 
ISDN, which produced significant short-term improvement through 12 
hours after the initial dose of 4 times/day regimen, had a significant 
attenuation of effect on sustained therapy and no significant benefit versus 
placebo was observed at any time point. Thus, ISMN is associated with a 
benefit of at least 8.5 hours on short-term and continuous therapy. How- 
ever, ISDN, after producing a similar period of benefit on short-term 
treatment, loses essentially all of its effect after only 11 to 14 days of 
therapy. 


Continued on page A27 
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Initial 
monotherapy 
regardless of 
age* or race 


Therapeutic goal achieved 

in more than 80% of patients 
with mild-to-moderate 
hypertension" 


*For adult hypertensives only. 


tEighty-two percent of 3,604 patients with mild- 
to-moderate hypertension (30-70 years) 
achieved goal blood pressure (DBP <90 mm 
Hg) in an open, multicenter, six-week study. 


lIn a double-blind, forced dose titration 
comparative study of 394 black patients with 
mild-to-moderate hypertension (18-70 years), 
83% of those randomized to Calan SR mg at 
a dosage of 360 mg/day achieved goal blo 
pressure (DBP <90 mm Hg or >10 mm Hg 
reduction). 





Once-a-day 
antihypertensive 
monotherapy 


E Calan SR provides effective monotherapy in more 
than 80% of all adult patients.’ 



























91% of patients take Calan SR once a day'—a more 
convenient dosage schedule that may result in better 
compliance than twice-daily therapy.” 


E Calan SR is equally effective in black and white adult 
patients, regardless of age. 


E Physicians have demonstrated their confidence in 
Calan SR—more than 12 million prescriptions have 


been filled. 


One agent...for quality living 


E Improved or maintained quality of life was 

reported by 400 hypertensive patients on 

Calan SR in two double-blind, controlled 
clinical studies." 


Constipation, which can be 

easily managed in most 
patients, is the most commonly 
reported side effect with 
Calan SR. 


Please see the following page of this advertisement 
for references and a brief summary of the complete 
prescribing information. 
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Contrairidications: Severe LV dysfunction (see Warnings), hypotension (systolic pressure 
< 90 mm Hg) or cardiogenic shock, sick sinus syndrome (if no pacemaker is present), 
nd: or drd-degree AV block {if no pacemaker. is present), atrial flutter/fibrillation with an 
accessory bypass tract (eg, WPW or LGL syndromes), hypersensitivity to verapamil. 
_ Wamings: Verapamil should be avoided in patients with severe LV dysfunction (eg, ejection 
faction < 30%) or moderate to severe symptoms of cardiac failure and in patients with 
any degree of ventricular dysfunction if they are receiving a beta-blocker. Control milder 
h hendt failure-with optimum digitalization and/or diuretics before Calan SR is used. Verapamil 
occasionally produce hypotension. Elevations of liver enzymes have been reported. 
eral cases have been demonstrated to be produced by verapamil. Periodic monitoring 
liver function in patients on verapamil is prudent. Some patients with paroxysmal and/ 
or chronic atrial flutter/fibrillation and an accessory AV pathway (eg, WPW or LGL 
syndromes} have developed an increased antegrade conduction across the accessory 
pathway bypassing the AV node, producing a very rapid ventricular response or ventricular 
fibrillation after receiving LV. verapamil (or digitalis). Because of this risk, oral verapamil is. 
contraindicated in such patients. AV block may occur (2nd- and 3rd-degree, 0.8%). 
Development of marked 1st-degree block or progression to 2nd- or 3rd-degree block 
requires reduction in dosage or, rarely, discontinuation and institution of appropriate therapy. 
Sinus. bradycardia, 2nd- -degree AV block, sinus arrest, pulmonary edema and/or severe 
hypotension were seen in some critically il! patients with hypertrophic cardiomyopathy who 


Precautions: Verapamil should be given cautiously to patients with impaired hepatic 
function {in ‘severe dysfunction use about 30% of the normal dose) or impaired renal 
function, and patients should be monitored for abnormal prolongation of the PR interval or 
ther signs of overdosage. Verapamil may decrease neuromuscular transmission in patients 
with Duchenne’s muscular dystrophy and may prolong recovery from the neuromuscular 
blocking agent: vecuronium. it may be necessary to decrease verapamil dosage in patients 
ith attenuated neuromuscular transmission. Combined therapy with beta-adrenergic block- 
ers and verapamil may result in additive negative effects on heart rate, atrioventricular 
‘onduction and/or cardiac. contractility; there have been reports of excessive bradycardia 
nd AV block, including complete heart block. The risks of such combined therapy may 
outweigh the benefits. The combination should be used only with caution and close 
monitoring. Decreased metoprolol clearance may occur with combined use. Chronic verap- 
amil treatment can increase serum digoxin levels by 50% to 75% during the first week of 
therapy, which can result in digitalis toxicity. In patients with hepatic cirrhosis, verapamil 
May. reduce total body clearance and extrarenal clearance of digitoxin. The digoxin dose 
should be reduced when verapamil is given, and the patient carefully monitored. Verapamil 
il ‘usually have an additive effect in patients receiving biood-pressure-lowering agents. 
Disopyramide should not be given within. 48 hours before or 24 hours after verapamil 
administration. Concomitant use of flecainide and verapamil may have additive effects on 
myocardial contractility, AV conduction, and repolarization. Combined verapamil and quini- 
therapy. in patients with hypertrophic cardiomyopathy should be avoided, since 
ignificant hypotension may result. Concomitant use of lithium and verapamil may result in 
lowering of serum lithium levels or increased sensitivity to lithium. Patients receiving both 
‘drugs must be monitored carefully. Verapamil may increase carbamazepine concentrations 
_ during combined use. Rifampin may reduce verapamil bioavailability. Phenobarbital may 
: increase verapamil clearance. Verapamil may increase serum levels of cyclosporin. Concom- 
itant use of inhalation anesthetics and calcium antagonists needs careful titration to avoid 
excessive cardiovascular depression. Verapamil may potentiate the activity of neuromuscular 
blocking agents (curare-like and depolarizing); dosage reduction may be required. Adequate 
 animal-carcinogenicity studies have not been performed. One study in rats did not suggest 
-a tumorigenic potential, and verapamil was not mutagenic in the Ames test. Pregnancy 
_ Category C. There are no adequate and well-controlled studies in pregnant women. This 
drug: should be used during pregnancy, labor, and delivery only if clearly needed. Verapamil 
excreted in breast milk; therefore, nursing should be discontinued during verapamil use. 
Adverse Reactions: Constipation (7.3%), dizziness (3.3%), nausea (2.7%), hypotension 
(2.5%), headache (2.2%), edema {1.9%}, CHF, pulmonary edema (1.8%), fatigue (1.7%), 
-dyspnea (1.4%), bradycardia: HR < 50/min {1.4%}, AV block: total 1°,2°,3° (1.2%), 2° 
and 3° (0.8%), rash (1.2%), flushing (0.6%), elevated liver enzymes. The following reactions, 
reported in 1.0% or less of patients, occurred under conditions where a causal relationship 
ds uncertain: angina pectoris, atrioventricular dissociation, chest pain, claudication, myocar- 
dial infarction, palpitations, purpura (vasculitis), syncope, diarrhea, dry mouth, gastrointes- 
tinal distress, gingival hyperplasia, ecchymosis or bruising, cerebrovascular accident, con- 
; equilibrium disorders, insomnia, muscle cramps, paresthesia, psychotic symptoms, 
Shakiness, somnolence, arthralgia and rash, exanthema, hair loss, hyperkeratosis, macules, 
Sweating, urticaria, Stevens-Johnson syndrome, erythema multiforme, blurred vision, gy- 
: hecomastia, increased urination, spotty menstruation, impotence. 5/9/88 e C88-W5282V-1 
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Effects of Occlusion of the Left Anterior Descending Coronary 
Artery During Angioplasty on Right-Sided Cardiac Pressures 
and Electrocardiographic Changes 

Shlomo Charlap, Nancy Schulhoff, Subbarao Mylavarapu, Alvin 
Greengart, Joseph Gelbfish, Linda Budzilowicz, Gerald Hollander, Edgar 
Lichstein, and Jacob Shani 


We recorded baseline and coronary occlusion hemodynamics, and 15-lead 
electrocardiograms (addition of right leads RV3 through RVs) in 42 
patients during 32 left anterior descending artery and 13 right coronary 
artery angioplasties. The baseline right and left ventricular hemodynamics 
were similar in the right coronary and left anterior descending angioplast- 
ies. Right-sided pressures increased similarly with right coronary and left 
anterior descending occlusions, whereas left-sided pressures increased to a 
greater extent with left anterior descending occlusions. As such, the right 
atrial /pulmonary wedge pressure ratio increased only in the right coro- 
nary occlusions. All right coronary occlusions had ST elevations in right- 
sided leads compared with 10 of 32 left anterior descending artery occlu- 
sions. The presence of ST elevations in a right lead in 10 left anterior 
descending occlusions did not connote increased right ventricular dysfunc- 
tion. 


Lo. i peer e ie see ene EERE een a ae nO Od aE a Oe 
Tolerance with Low Dose Intravenous Nitroglycerin Therapy in 
Acute Myocardial Infarction 

Bodh I. Jugdutt and J. Wayne Warnica 


We examined data on vascular tolerance in 154 patients with acute myo- 
cardial infarction treated with low dose intravenous nitroglycerin infusion 
in a recent randomized, placebo-controlled study. The dose was titrated to 
a discrete depression of mean blood pressure as endpoint (10% in normo- 
tensive patients and 30% in hypertensive patients, but not <80 mm Hg). 
Group analysis of dose, pain scores, hemodynamic, echocardiographic and 
clinical data revealed early and persistent benefit of nitroglycerin therapy 
for various biologic parameters. However, individual analysis indicated 
that the dose was increased to maintain the hemodynamic effect in the 
absence of chest pain in 12% (“‘true” tolerance) and in presence of chest 
pain in 12% (‘“‘apparent” tolerance). Tolerance resulted in blunting of the 
beneficial effect of nitroglycerin on infarct size, but not on other biologic 
parameters such as indexes of function, topography and complications. 


i i ee 
Influence of Thrombolytic Treatment Followed by Full Dose 
Anticoagulation on the Frequency of Left Ventricular Thrombi 
in Acute Myocardial Infarction 

Gabriele Lupi, Stefano Domenicucci, Francesco Chiarella, Paolo Bellotti, 
and Carlo Vecchio 


To assess the influence of intravenous streptokinase followed by full dose 
anticoagulation on postinfarction left ventricular thrombosis, 19 consecu- 
tive patients with a first acute anterior myocardial infarction underwent 




































serial 2-dimensional echocardiograms. Forty-four patients with compara- 
ble clinical characteristics at the time of hospital admittance, undergoing 
the same echocardiographic protocol but receiving no antithrombotic or 
thrombolitic therapy, served as the control group. The incidence of left 
ventricular thrombi was significantly lower in patients treated with strep- 
tokinase followed by full dose anticoagulation than in patients treated with 
conventional therapy. Moreover, in patients receiving thrombolytic treat- 
ment, resolution of thrombi frequently occurred during the hospital phase. 
We suggest that only frequent echocardiograms, performed at frequent 
intervals, can assess the real incidence of the phenomenon. 


ARRHYTHMIAS AND CONDUCTION DISTURBANCES 
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Prevalence of Silent Myocardial Ischemia in Survivors 
of Cardiac Arrest 

Murray P. Whitaker and David S. Sheps 


We studied the prevalence and type of ischemia (silent vs painful) in 
survivors of cardiac arrest not associated with acute myocardial infarction 
to test the hypothesis that survivors may have an increased prevalence of 
silent ischemia. Of 48 survivors of cardiac arrest over a 4-year period who 
had undergone exercise testing, 24 met inclusion criteria. These 24 sub- 
jects had documented ventricular fibrillation and coronary artery disease 
proven by cardiac catheterization or a previous electrocardiographic pat- 
tern of myocardial infarction. Thirteen of 24 (54%) had a positive tread- 
mill stress test (21.0 mm flat or downsloping ST depression). The mean 
resting left ventricular ejection fraction was 43%. Nine of 11 patients 
(82%) who had exercise radionuclide studies performed had ischemic 
abnormalities (<5% increase in left ventricular ejection fraction with new 
or worsened wall motion abnormalities). Thus, 16 of 24 (67%) had a 
positive treadmill stress test or radionuclide ventriculogram. Only 1 of 16 
(6%) had painful ischemia (p <0.001 relative to an even distribution of 
painful vs painless ischemia). Thus, survivors of cardiac arrest have a high 
prevalence of exercise-induced ischemia, and in most the ischemia is silent. 


























594- ore ee 
Nonsustained Ventricular Tachycardia Arising from the Right 
Ventricular Outflow Tract 

Alec H. Ritchie, Charles R. Kerr, Anzhen Qi, and John A. Yeung-Lai-Wah 











We used the characteristics of left bundle branch block morphology, 
inferiorly directed frontal plane QRS axis and repetitive nonsustained 
salvos to define a discrete subgroup of patients with ventricular tachycar- 
dia (VT). The origin of this VT was thought to be the right ventricular 
outflow tract. Compared with a group of patients with other forms of VT, 
the patients in the first group were younger and had little structural heart 
disease. VT was more reliably induced by isoproterenol infusion or exer- 
cise testing and was not induced by programmed stimulation. The follow- 
up revealed a good prognosis. 
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_BUTTERFINGERS 


“TREMULOUS FINGERS 


The Anyfingers Patch. 
Nitro-Dur’ 


(nitroglycerin) 


Transdermal Infusion System 


All nitroglycerin patches work. 


But Nitro-Dur is the one nitroglycerin patch that 
works So readily, any fingers can easily open and 
apply it...even stiff fingers, clumsy fingers, arthritic 
fingers guided by presbyopic eyes. 


Test it yourself. To see how easy handling Nitro-Dur 
can be, open one and handle it yourself. Compare it 
with other patches. 


Compare its thinness, its comfort, its appearance. 
Nitro-Dur clings bulklessly and bulgelessly to the 
skin, so thin that pores and texture show through... 
so discreet about its presence that it’s nearly 
invisible. Handie one and see. Handling is believing! 


5 mg patch, actual size. 


Please see next page for brief summary of prescribing information. Copyright © 1988. Key Pharmaceuticals. inc.. Kenilworth; NJ.07033. Ailrights reserved. 











Nitro-Dur’ 
(nitroglycerin) 
Transdermal Infusion System 


e Easy opening—even for 
arthritic hands. 


e Round-the-clock cling—lies 
flat, holds tight. 


e Hard to notice, easy to wear— 
semitransparent, soft and 
flexible. 


¢ Push-button removal—just a 
press.in the center raises the 
rim for easy lift-off. 


BRIEF SUMMARY 


INDICATIONS AND USAGE: This drug product 
has been conditionally approved by the FDA 
for the prevention and treatment of angina 
pectoris due to coronary artery disease. The 
conditional approval reflects a determination 
that the drug may be marketed while further in- 
vestigation of its effectiveness is undertaken. 

A final evaluation of the effectiveness of the 
product will be announced by the FDA. 


CONTRAINDICATIONS: Intolerance of organic 
nitrate drugs, marked anemia. 


WARNINGS: The NITRO-DUR system should be 
used under careful clinical and/or hemodynamic 
monitoring in patients with acute myocardial in- 
farction or congestive heart failure. 

In terminating treatment of anginal patients, 
both the dosage and frequency of application 
must be gradually reduced over a period of 4 to 
6 weeks in order to prevent sudden withdrawal 
reactions, which are characteristic of all vaso- 
dilators in the nitroglycerin class. 


PRECAUTIONS: Symptoms of hypotension, such 
as faintness, weakness or dizziness, particularly 
orthostatic hypotension, may be due to over- 
dosage. If during the course of treatment these 
symptoms occur, the dosage should be reduced 
or use of the product discontinued. 

NITRO-DUR is not intended for use in the 
treatment of acute anginal attacks. For this pur- 
pose, occasional use of sublingual nitroglycerin 
may be necessary. 

Pregnancy: Pregnancy Category C. Animal 
reproduction studies have not been conducted 
with NITRO-DUR. It is also not known whether 
nitroglycerin can cause fetal harm when adminis- 
tered to a pregnant woman or can affect repro- 
duction capacity. Nitroglycerin should be given to 
a pregnant woman only if clearly needed. 
Nursing Mothers: It is not known whether nitro- 
glycerin is excreted in human milk. Because 
many drugs are excreted in human milk, caution 
should be exercised when NITRO-DUR is admin- 
istered to a nursing woman. 


ADVERSE REACTIONS: Transient headache is 
the most common side effect, especially when 
higher doses of the drug are administered. Head- 
aches should be treated with mild analgesics 
while continuing NITRO-DUR therapy. If head- 
ache persists, the NITRO-DUR dosage should be 
reduced or use of the product discontinued. 

Adverse reactions reported less frequently in- 
clude hypotension, increased heart rate, faint- 
ness, flushing, dizziness, nausea, vomiting, and 
dermatitis. Except for dermatitis, these symptoms 
are attributed to the pharmacologic effects of 
nitroglycerin. However, they may be symptoms of 
overdosage. When they persist, the NITRO-DUR 
dosage should be reduced or use of the product 
discontinued. 


CAUTION: Federal law prohibits dispensing 


without prescription. EDP #1030160 
Revised 09/87 14362304 


Copyright © 1987, Key Pharmaceuticals, Inc. 
Kenilworth, NJ 07033. All rights reserved. 


















All transdermal nitroglycerin products are being market- 
ed pending final evaluation of effectiveness by the FDA. 


Key Pharmaceuticals, Inc. 

I (=X. Kenilworth, NJ 07033 USA 

World leader in drug delivery systems. 
ND-2142/14579303 


CLASSIFIED 


ASSISTANT PROFESSOR (tenure-track) to participate in heart 
transplant program. Individual will participate in the heart failure 
program including research, teaching, and clinical management 
of patients with heart failure and patients before and after trans- 
plant. Qualifications: MD, completion of three yr Internal Medi- 
cine residency program, minimum 2 yr cardiology fellowship 
plus board eligible/certified in cardiology. Identified involvement 
in research. Apply to: Jay N. Cohn, M.D., Professor and Head, 
Cardiovascular Division, Box 488 UMHC, University of Minneso- 
ta, Minneapolis, MN 55455. The University of Minnesota is an 
equal opportunity educator and employer and specifically in- 
vites and encourages applications from women and minorities. 
(Deadline for receipt of applications: 11/30/89). 


LOS ANGELES—Multispecialty group seeks full-time BC/BE 
cardiologist. Attractive compensation/benefits. Contact: Z. Jo- 
seph Wanski, M.D., Medical Director, The Moore-White Medi- 
cal Group, 266 S. Harvard Blvd., Los Angeles, CA 90004, (213) 
386-8440. 


KAISER PERMANENTE 
Good People. Good Medicine. 


CARDIOLOGISTS 
North Carolina 


Kaiser Permanente is seeking board certified/ 
board eligible invasive cardiologists for our 
Raleigh, North Carolina medical offices. 


Excellent salary and benefits including profes- 
sional liability, retirement, continuing education, 
and shareholder opportunity. Send cv to: 


Phyllis M. Kline 
Physician Recruitment Coordinator - AJC 
Carolina Permanente Medical Group, P.A. 
3120 Highwoods Blvd. 
Raleigh, N.C. 27604-1018 
or call 


1-800-277-2764 or 919-878-5874 
Affirmative Action/Equal Opportunity Employer 








, Zestril: The long-acting ACE inhibitor 


Zestril achieves 24-hour blood pressure control with a half-life of 12 hours: 
Angiotensin converting enzyme (ACE) inhibitiont is long lasting with Zestril — 
sustained 24 hours after a single dose.** 





ACE inhibition is long lasting with Zestril?“ 


tIn pharmacodynamic studies 

(utilizing 10 mg of enalapril 

dome) and lisinopril), ACE inhibition 

was significantly correlated to 

: plasma renin activity and fall 

~ Enalapril in diastolic blood pressure in 
(10 mg) normal volunteers.’ 


Placebo 
—adapted from Ajayi et al, p 424? 


Percent inhibition of plasma ACE activity 
' 


(n = 19) 


Time (hours) 
The clinical significance of pharmacodynamic differences among 
ACE inhibitors observed in normal volunteers has not been determined in 
hypertensive patients. 


i Zestril: Hypertensive patients start 
and stay at one tablet a day 


A single tablet of Zestril reduces blood pressure for 24 hours'— unlike other 
ACE inhibitors, which may have to be increased to b.i.d.° or t.i.d.° dosing 

in some patients. The predictable once-daily dosage of Zestril enhances patient 
compliance and cost-effectiveness. 


Zestril: 24-hour blood pressure control 
that’s easy to live with 


Zestril shares the low incidence of side effects characteristic of ACE inhibitors. 
Additionally, rash or taste disturbance is rarely seen with Zestril. What's more, 
Zestril is not metabolized by the liver. It is absorbed as the active drug and 
does not require bioactivation’— as needed with prodrugs such as enalapril?® 
Absorption of Zestril is unaffected by food.® 


Evaluation of the hypertensive patient should always include 
assessment of renal function. (See Dosage and Administration.) 


@ Angioedema has been reported with ACE inhibitors, 
including Zestril. (See Warnings.) 


) 1988 ICI Americas Inc. 


*The antihypertensive effect may diminish at the end 
of the dosing interval. 


tClinical significance has not been determined in 
hypertensive patients. 


Please see last page of this advertisement for 
brief summary of prescribing information 





ZESTRIL® (lisinopril) 


INDICATIONS AND USAGE. ZESTRIL is indicated for the treatment of hypertension. it may be used alone as initial 
therapy or concomitantly with other classes of antihypertensive agents. In using ZESTRIL, consideration should be 
given to the fact that another angiotensin converting enzyme inhibitor, captopril, has caused agranulocytosis, particularly 
in patients with renal impairment or collagen vascular disease, and that available data are insufficient to show that 
ZESTRIL does not have a similar risk. (See WARNINGS.) CONTRAINDICATIONS. ZESTRIL is contraindicated in patients 
who are hypersensitive to this product and in patients with a history of angioedema related to previous treatment with 
an angiotensin converting enzyme inhibitor. WARNINGS. Angicedema: Angioedema of the face, extremities, lips, tongue, 
gonis and/or larynx has been reported in patients treated with angiotensin converting enzyme inhibitors, including 

ESTRIL. In such cases, ZESTRIL should be promptly discontinued, and the patient carefully observed until the swelling 
disappears. In instances where swelling has been confined to the face and lips the condition has generally resolved 
without treatment, although antihistamines have been useful in relieving symptoms. Angioedema associated with 
laryngeal edema may be fatai. Where there is involvement of the tongue, glottis or larynx, likely to cause airway 
obstruction, appropriate therapy, eg, subcutaneous epinephrine solution 1:1000 (0.3 mL to Q5 mL) should be promptly 
administered. (See ADVERSE REACTIONS.) Hypotension: Excessive hypotension was rarely seen in uncomplicated 
hypertensive patients but is a possible consequence of use with ZESTRIL in salt/volume-depleted persons, such as 
those treated vigorously with diuretics or patients on dialysis. (See PRECAUTIONS, Drug Interactions and ADVERSE 
REACTIONS.) In patients with severe congestive heart failure, with or without associated renal insufficiency, excessive 
hypotension has been observed and may be associated with oliguria and/or progressive azotemia, and rarely with 
acute renal failure and/or death. Because of the potential fali in blood pressure in these patients, therapy should be 
started under very close medical supervision. Such patients should be followed closely for the first two weeks of treatment 
and whenever the dose of ZESTRIL and/or diuretic is increased. Similar considerations apply to patients with ischemic 
heart or cerebrovascular disease in whom an excessive fall in blood pressure could result in a myocardial infarction 
or cerebrovascular accident. It hypotension occurs, the patient should be placed in supine position and, if necessary, 
receive an intravenous infusion of normal saline. A transient hypotensive response is not a contraindication to further 
doses which usually can be given without difficulty once the blood pressure has increased after volume expansion. 
Neutropenia/Agranulocytosis: Another angiotensin converting enzyme inhibitor, captopril, has been shown to cause 
agranulocytosis and bone marrow depression, rarely in uncomplicated patients but more frequently in patients with 
renal impairment especially if they also have a collagen vascular disease. Available data from clinical trials of ZESTRIL 
are insufficient to show that ZESTRIL does not cause agranulocytosis at similar rates. Periodic monitoring of white 
blood cell counts in patients with collagen vascular disease and renal disease should be considered. PRECAUTIONS. 
General. impaired Renal Function: As a consequence of inhibiting the renin-angiotensin-aldosterone system, changes 
in renal function may be anticipated in susceptible individuals. In patients with severe congestive heart faiture whose 
renal function may depend on the activity of the renin-angiotensin-aldosterone system, treatment with angiotensin 
converting enzyme inhibitors, including ZESTRIL, may be associated with oliguria and/or progressive azotemia and 
rarely with acute renal failure and/or death. in hypertensive patients with unilateral or bilateral renal artery stenosis, 
increases in blood urea nitrogen and serum creatinine may occur. Experience with another angiotensin converting 
enzyme inhibitor suggests that these increases are usually reversible upon discontinuation of ZESTRIL and/or diuretic 
therapy. in such patients, renal function should be monitored during the first few weeks of therapy. Some hypertensive 
patients with no apparent pre-existing renal vascular disease have developed increases in blood urea nitrogen and 
serum creatinine, usually minor and transient, especially when ZESTRIL has been given concomitantly with a diuretic. 
This is more likely to occur in patients with pre-existing renal impairment. Dosage reduction of ZESTRIL and/or discon- 
tinuation of the diuretic may be fequired, Evaluation of the hypertensive patient should always Include assessment 

DOSAGE AN 
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of renal function. (See ADMINISTRATION.) fa: in clinical trials hyperkalemia (serum potassium 
greater than 5.7 mEq/L) occurred in approximately 2.2% of hypertensive patients and 4.0% of patients with congestive 
heart failure. in most cases these were isolated values which resolved despite continued therapy. Hyperkalemia was 
a cause of discontinuation of therapy in approximately 0.1% of hypertensive patients. Risk factors for the development 
of hyperkalemia include renal insufficiency, diabetes mellitus, and the concomitant use of potassium-sparing diuretics, 
potassium supplements and/or potassium-containing sait substitutes, which should be used cautiously, if at all, with 
ZESTRIL. (See Drug interactions.) Surgery/Anesthesla: In patients undergoing major surgery or during anesthesia 
with agents that produce hypotension, ZESTRIL may block angiotensin ii formation secondary to compensatory renin 
release. if hypotension occurs and is considered to be due to this mechanism, it can be corrected by volume expansion. 
information for Patients. Angioedema: Angioedema, including laryngeal edema, may occur especially folfowing the 
first dose of ZESTRIL. Patients should be so advised and told to report immediately any signs or symptoms suggesting 
angioedema (swelling of face, extremities, eyes, lips, tongue, difficulty in swallowing or breathing) and to take no more 
drug until they have consulted with the prescribing physician. Symptomatic Hypotension: Patients should be cautioned 
to report lightheadedness especially during the first few days of therapy. If actual syncope occurs, the patient should 
be told to discontinue the drug until they have consulted with the prescribing physician. All patients shouid be cautioned 
that excessive perspiration and dehydration may lead to an excessive fail in blood pressure because of reduction in 
fluid volume. Other causes of volume depletion such as vomiting or diarrhea may also lead to a fall in blood pressure; 
patients should be advised to consult with their physician. Hyperkalemia: Patients shouid be told not to use salt sub- 
stitutes containing potassium without consulting their physician. Neutropenia: Patients should be told to report promptly 
any indication of infection (eg. sore throat. fever) which may be a sign of neutropenia. NOTE: As with many other drugs, 
certain advice to patients being treated with ZESTRIL is warranted. This information is intended to aid in the safe and 
effective use of this medication. itis not a disclosure of ali possible adverse or intended effects. DRUG INTERACTIONS. 
Hypotension — Patients on Diuretic Therapy: Patients on diuretics and especially those in whom diuretic therapy was 
recently instituted, may occasionally experience an excessive reduction of blood pressure after initiation of therapy 
with ZESTRIL. The possibility of hypotensive effects with ZESTRIL can be minimized by either discontinuing the diuretic 
or increasing the salt intake prior to initiation of treatment with ZESTRIL. If it is necessary to continue the diuretic, 
initiate therapy with ZESTRIL at a dose of 5 mg dally, and provide close medica! supervision after the initial dose tor 
atleast two hours and until blood pressure has stabilized for at east an additional hour. (See WARNINGS, and DOSAGE 
AND ADMINISTRATION.) When a diuretic is added to the therapy of a patient receiving ZESTRIL. an additional antihyper- 
tensive effect is usually observed. Studies with ACE inhibitors in combination with diuretics indicate that the dose 
of the ACE inhibitor can be reduced when it is given with a diuretic. (See DOSAGE AND ADMINISTRATION.) Indomethacin: 
in a study in 36 patients with mild to moderate hypertension where the antihypertensive effects of ZESTRIL atone were 
comparad to ZESTRIL given concomitantly with indomethacin, the use of indomethacin was associated with 4 reduced 
effect, although the difference between the two regimens was not significant. Other Agents: ZESTRIL has been used 
concomitantly with nitrates and/or digoxin without evidence of clinically significant adverse interactions, No clinically 
important pharmacokinetic interactions occurred when ZESTRIL was used concomitantly with propranolol or hydro- 
chlorothiazide. The presence of food in the stomach does not alter the bioavailability of ZESTRIL. Agents Increasing 
Serum Potassium: ZESTRIL attenuates potassium loss caused by thiazide-type diuretics. Use of ZESTRIL with potassium- 
sparing diuretics (eg, spironolactone, triamterene or amiloride}, potassium supplements, or potassium-containing sait 
substitutes may lead to significant increases in serum potassium. Therefore, if concomitant use of these agents is indi- 
cated because of demonstrated hypokalemia, they should be used with caution and with frequent monitoring of serum 
potassium. Lithium: Lithium toxicity has been reported in patients receiving lithium with drugs which cause elimination 
of sodium, including ACE inhibitors. Lithium toxicity was usually reversible upon discontinuation of both drugs. It is 
recommended that serum lithium levels be monitored frequently if ZESTRIL is administered concomitantly with lithium. 
Carcinogenesis, Mutagenesis, Impairment of Fertility. There was no evidence of a tumorigenic effect when lisinopril 
was administered for 105 weeks to male and female rats at doses up to 90 mg/kg/day (about 56 times* the maximum 
recommended daily human dose) or when lisinopril was administered for 92 weeks to (male and temale) mice at doses 
up to 135 mg/kg/day (about 84 times” the maximum recommended daily human dose). “Based on patient weight 
of 50 kg. Lisinopril was not mutagenic in the Ames microbial mutagen test with or without metabolic activation. It 
was also negative in a forward mutation assay using Chinese hamster lung cells. Lisinopril did not produce single strand 
ONA breaks in an in vitro alkaline elution rat hepatocyte assay. in addition, lisinopril did not produce increases in 
chromosomal aberrations in an in vitro test in Chinese hamster ovary cells or in an in vivo study in mouse bone mar- 
row. There were no adverse effects on reproductive performance in male and female rats treated with up to 300 mg/kg/day 
of lisinopril. nancy. Pregnancy C: Lisinopril was not teratogenic in mice treated on days 6-15 of gestation 
with up to 1,000 mg/kg/day (625 times the maximum recommended human dose). There was an increase in fetal 
resorptions at doses down to 100 mg/kg: at doses of 1,000 mg/kg this was prevented by saline supplementation. There 
was no Tetotoxicty or teratogenicity in rats treated with up to 300 mg/kg/day (188 times the maximum recommended 
dose) of lisinopril at days 6-17 of gestation. In rats receiving lisinopril from day 15 of gestation through day 21 post- 
partum. there was an increased incidence in pup deaths on days 2-7 postpartum and a lower average body weight 
of pups on day 21 postpartum. The increase in pup deaths and decrease in pup weight did not occur with maternal 
saline supplementation. Lisinopril, at doses up to 1 mg/kg/day, was not teratogenic when given throughout the organ- 
ogenic period in saline supplemented rabbits. Saline supplementation (physiologic saline in place of tap water) was 
used to eliminate maternotoxic effects and enable evaluation of the teratogenic potential at the highest possible dosage 
level. The rabbit has been shown to be extremely sensitive to angiotensin converting enzyme inhibitors {captopril and 
enalapril} with maternal and fetotoxic effects apparent at or below the recommended therapeutic dosage levels in man. 
Fetotoxicity was demonstrated in rabbits by an increased incidence of fetal resorptions at an oral dose of lisinopril 
of 1 mg/kg/day and by an increased incidence of incomplete ossification at the lowest dose tested (0.1 mg/kg/day). 
A single intravenous dose of 15 mg/kg of lisinopril administered to pregnant rabbits on gestation days 16. 21 or 26 
resulted in 88% to 100% fetal death. By whole body autoradiography, radioactivity was found in the placenta following 
administration of labeled lisinopril to pregnant rats, but none was found in the fetuses. Human Experience: There 
are no adequate and well-controlled studies of lisinopril in pregnant women. However, data are available that show drugs 
of this class cross the human placenta. Because the risk of fetal toxicity with the use the ACE inhibitors has not been 
clearly defined (see below), lisinopril should be used during pregnancy only if the potential benefit justifies the potential 
risk to the fetus. Postmarketing experience with all ACE inhibitors thus far suggests the following with regard to pregnancy 
outcome. Inadvertent exposure limited to the first trimester of pregnancy has not been reported to affect fetal outcome 
adversely. Fetal exposure during the second and third trimesters of pregnancy has been associated with fetal and neonatal 
morbidity and mortality. When ACE inhibitors are used during the later stages of pregnancy, there have been reports 
of hypotension and decreased renal perfusion in the newborn. Oligohydramnios in the mother has also been reported, 
presumably representing decreased renal function in the fetus. Infants exposed in utero to ACE inhibitors should be 
closely observed for hypotension, oliguria and hyperkalemia. If oliguria occurs. attention should be directed toward 


ZESTRIL” (lisinopril) 


support of blood pressure and renal perfusion with the administration of fluids and pressores as appropriate. Problems 
associated with prematurity such as patent ductus arteriosus have occurred in association with maternal use of ACE 
inhibiters, but itis not clear whether they are related to ACE inhibition, maternal hypertension or the underlying prematurity. 
Another ACE inhibitor, enalapri!, has been removed trom the neonatal circulation by peritoneal alysis and theoretically 
may be removed by exchange transfusion, although there is no experience with the latter procedure. There is no experience 
with either of these procedures for removing lisinopril or other ACE inhibitors from the neonatal circulation. Nursing 
Mothers: Milk of lactating rats contains radioactivity following administration of *4C lisinopril, It is not known whether 
this drug is excreted in human milk. Because many drugs are excreted in human milk, caution should be exercised 
when ZESTRIL is given to a nursing mother. Pediatric Use: Safety and effectiveness in children have not been established, 
ADVERSE REACTIONS. ZESTRIL has been found to be generally well tolerated in controlled clinical trials involving 
2003 patients and subjects. The most frequent clinical adverse experiences in controlled trials with ZESTRIL were dizzi- 
ness (6.3%), headache (5.3%), fatigue (3.3%), diarrhea (3.2%). upper respiratory symptoms (3.0%), and cough (2.9%), 
all of which were more frequent than in placebo-treated patients. For the most part, adverse experiences were mild 
and transient in nature. Discontinuation of therapy was required in 6.0% of patients. in clinical trials, the overall frequency 
of adverse experiences could not be related to total daily dosage within the recommended therapeutic dosage range. 


















For adverse experiences which occurred in more than 1% of patients and subjects treated with ZESTRIL or ZESTRIL plus 
hydrochlorothiazide in controlled clinical trials, comparative incidence data are listed in the table below. 
Percent of Patients in Controlled Studies 
ZESTRIL ZESTRIL/Hydrochlorothiazide 

{n = 20031) {n = 644) Placebo 

incidence incidence (n = 207) 

(discontinuation) (discontinuation) incidence 
Dizziness 6.3 (0.6) 9.0 (0.9) 19 
Headache 5.3 {0.2} 4,3 (0.5) 1.9 
Fatigue 3.3 (0.2) 3.9 (0.5) 1.0 
Diarrhea 3.2 (0.3) 2.6 (0.3) 2.4 
Upper Respiratory Symptoms 3.0 (0.0) 4.5 (0.0) 0.0 
Cough 2.9 (0.4) 4.5 (0.8) 1.0 
Nausea 2.3 (0.3) 2.5 (0.2) 2.4 
Hypotension 1.8 (0.8) 1.6 (0.5) 0.5 
Resh 1.5 (0.4) 1.6 (0.2) 0.5 
Orthostatic Effects 1.4 (0.0) 3.4 (0.2) 1.0 
Asthenia 1.3 (0.4) 2.0 (0.2) 1.0 
Chest Pain 13 (0.1) 1.2 (0.2) 1.4 
Vemiting 1.3 (0.2) 1.4 (0.0) 0.5 
Dyspnea 1.1 (0.0) 0.5 (0.2) 14 
Dyspepsia 1.0 (0.0) 1.9 (0.0) 0.0 
Paresthesia 0.8 (0.0) 2.0 (0.2) 0.0 
irepotence 0.7 (0.2) 1.6 (0.3) 0.0 
Muscle Cramps 0.6 (0.0) 2.8 (0.6) 0.5 
Back Pain 0.5 (0.0) 1.1 (0.0) 1.4 
Nasal Congestion 0.3 (0.0) 12 (0.0) 0.0 
Decreased Libido 0.2 (0.1) 1.2 (0.0) 0.0 
Vertigo 0.1 (0.0) 1.4 (0.2) 0.0 











tincludes 420 patients treated for congestive heart failure who were receiving concomitant digitalis and/or diuretic therapy. 


Clinical adverse experiences occurring in 0.3% to 1.0% of patients in the controlled trials and rarer, serious, possibly 
drug related events reported in uncontrolied studies or marketing experience included: BODY AS A WHOLE: Chest dis- 
comfort, fever, flushing. CARDIOVASCULAR: Angina pectoris, orthostatic hypotension, rhythm disturbances, tachy- 
cardia, peripheral edema, palpitation. DIGESTIVE: Abdominal pain, anorexia, constipation, flatulence. METABOLISM: 
Gout. MUSCULOSKELETAL: Joint pain, shoulder pain. NERVOUS SYSTEM/PSYCHIATRIC: Depression, somnolence, 
insomaia, stroke. RESPIRATORY SYSTEM: Bronchitis, sinusitis, pharyngeal pain. UROGENITAL: Oliguria, progressive 
azotemia. acute renal failure. OTHER: Blurred vision, pruritus, urinary tract infection, vasculitis of the legs. ANGIOEDEMA: 
Angioedema has been reported in patients receiving ZESTRIL (0.1%). Angioedema associated with laryngeal edema 
may be fatal. If angioedema of the face, extremities. lips, tongue, gons and/or larynx occurs, treatment with ZESTRIL 
should be discontinued and appropriate therapy instituted immediately. (See WARNINGS.) HYPOTENSION: in hyper- 
tensive patients, hypotension occurred in 1.2% and syncope occurred in 0.1% of patients. Hypotension or syncope 
was a cause of discontinuation of therapy in 0.5% of hypertensive patients. (See WARNINGS. } in patients with congestive 
heart failure, hypotension occurred in 5.0% and syncope occurred in 1.0% of patients. These adverse experiences 
were causes for discontinuation of therapy in 1.3% of these patients. Clinical Laboratory Test Findings. Serum Electro- 
lytes: Hyperkalemia. (See PRECAUTIONS.) Creatinine, Blood Urea Nitrogen: Minor increases in blood urea nitrogen 
and secum creatinine, reversible upon discontinuation of therapy, were observed in about 2.0% of patients with essential 
hypertansion treated with ZESTRIL alone. Increases were more common in patients receiving concomitant diuretics 
and in patients with renal artery stenosis. (See PRECAUTIONS. } Reversible minor increases in blood urea nitrogen and 
serum creatinine were observed in approximately 9.1% of patients with congestive heart failure on concomitant diuretic 
therapy. Frequently, these abnormalities resolved when the dosage of the diuretic was decreased. Hemoglobin and 
Hematocrit: Small decreases in hemoglobin and hematocrit (mean decreases of approximately 0.4 g% and 1.3 vol%, 
respectively) occurred frequently in patients treated with ZESTRIL but were rarely of clinical importance in patients 
without some other cause of anemia. in clinical trials, less than 0.1% of patients discontinued therapy due to anemia. 
‘Other (Causal Relationship Unknown): Rarely, elevations of liver enzymes and/or serum bilirubin have occurred. Over- 
ail, 2.0% of patients discontinued therapy due to laboratory adverse experiences, principally elevations in blood urea 
nitrogen (0.6%), serum creatinine (0.5%), and serum potassium (0.4%). OVERDOSAGE. The ora! L.Dso of lisinoprit 
is greater than 20 g/kg in mice and rats. The most likely manifestation of overdosage would be hypotension, for which 
the usual treatment would be intravenous infusion of normal saline solution. Lisinopril can be removed by hemodialysis. 
DOSAGE AND ADMINISTRATION. Initial Therapy: in patients with uncomplicated essential hypertension not on diuretic 
therapy, the recommended initial dose is 10 mg once a day. Dosage should be adjusted according to blood pressure 
response. The usual dosage range is 20-40 mg per day administered in a single dally dose. The antihypertensive effect 
may diminish toward the end of the dosing interval regardless of the administered dose, but most commonly with a 
dose of 10 mg daily. This can be evaluated by measuring blood pressure just prior to dosing to determine whether 
satisfactory control is being maintained for 24 hours. If itis not, an increase in dose should be considered. Doses up to 
80 mg have been used but do not appear to give greater effect. if blood pressure is not controlled with ZESTRIL alone, a 
tow dose of a diuretic may be added. Hydrochlorothiazide, 12.5 ma has been shown to provide an additive effect. After 
the addition of a diuretic, it may be possible to reduce the dose of ZESTRIL. Diuretic Treated Patients: in hypertensive 
patients who are currently being treated with a diuretic, symptomatic hypotension may occur occasionally following the 
initial cose of ZESTRIL. The diuretic should be discontinued, if possible. for two to three days before beginning therapy 
with ZESTRIL to reduce the likelinood of hypotension. (See WARNINGS.) The dosage of ZESTRIL should be adjusted 
according to blood pressure response. If the patient's blood pressure is not controlled with ZESTRIL alone, diuretic 
therapy may be resumed as described above. If the diuretic cannot be discontinued, an initial dose of § mg should be 
used under medical supervision for at least two hours and until blood pressure has stabilized for at least an additiona! 
hour. (See WARNINGS and PRECAUTIONS, Drug Interactions.) Concomitant administration of ZESTRIL with potassium 
supplements, potassium salt substitutes, or potassium-sparing diuretics may lead to increases of serum potassium, 
(See PRECAUTIONS.) Use in Elderly: In general, blood pressure response and adverse experiences were similar in 

unger and older patients given simitar doses of ZESTRIL. Pharmacokinetic studies, however, indicate that maximum 
blood levels anc area under the plasma concentration time curve (AUC) are doubled in older patients so that dosage ad- 
justments should be made with particular caution. Dosage Adjustment in Renal impairment: The usual dose of ZESTRIL 
(10 mg} is recommended for patients with creatinine clearance > 30 mL/min (serum creatinine of up to approximately 
3 mg/dL). For patients with creatinine clearance = 10 mL/min < 30 mL/min (serum creatinine = 3 mg/dL), the first 
dose is 5 mg once daily. For patients with creatinine clearance < 10 mL/min (usually on hemodialysis) the recommended 
initial dose is 2.5 mg. The dosage may be titrated upward until blood pressure is controlled or to a maximum of 40 mg daily. 











Renal Status Creatinine Clearance mL/min Initial Dose mg/day 






Normal Renal Function to Mild Impairment >30 10 
Moderate to Severe Impairment 210 <30 5 
Dialysis Patients <10 2.5% 








Dosage or dosing interval should be adjusted depending on the blood pressure response. 
Stuart Pharmaceuticals, A business unit of ICI Americas inc., Wilmington, DE 19897 USA Rev J 4/89 


REFERENCES: 1. ZESTRIL® (lisinopril) full prescribing information issued January 1989. 2. Ajayi AA, Campbell BC, 
Kelman AW, et al: Pharmacodynamics and population pharmacokinetics of enalapril and lisinopril. Int J Clin Pharmacol 
Res 1935;5(6):419-427. 2. Millar JA, Derkx FHM, McLean K, et al: Pharmacodynamics of converting enzyme inhibition: 
The cardiovascular, endocrine and autonomic effects of MK421 {enalapril} and MK521, Br J Clin Pharmacol 1982;14:347-355, 
4 Hodsman GP. Zabludowski JR, Zoccaii C, et al: Enalapril (MK421) and its lysine analogue (MK521): A comparisca 
of acute and chronic effects on blood pressure, renin-angiotensin system and sodium excretion in normal man. Br J Clin 
Pharmacol 1984(17:233-241. 5. Physicians’ Desk Reference, ed 43. Oradell, NJ, Medical Economics Co, 1989. Vasotec® 
{enalapril maleate, MSD), pp 1408-1410. 6. Physicians’ Desk Reference. ed 43. Oradell, NJ, Medical Economics Co, 1989. 
Capoten® (captopril), pp 2080-2082. 7. Uim EH, Hichens M. Gomez HJ, et al: Enalapril maleate and a lysine analogue 
{MK-521}: Disposition in man. Br J Clin Pharmacol 1982;14:357-362. 8. Mojaverian P, Rocci ML Jr, Viasses PH, et al: 
tee 7 {ood o ane bioavailability of lisinopril, a nonsu!fhydry! angiotensin-converting enzyme inhibitor. J Pharm Sci 








CONTENTS/ABSTRACTS 


599 

Intravenous Amiodarone for the Rapid Treatment of Life- 
Threatening Ventricular Arrhythmias in Critically Ill Patients 
with Coronary Artery Disease 

Robert P. Ochi, Irvin F. Goldenberg, Adrian Almquist, Marc Pritzker, 
Simon Milstein, Wes Pedersen, Fredarick L. Gobel, and David G. Benditt 


We examined the effectiveness of intravenous amiodarone in preventing 
recurrent life-threatening ventricular tachyarrhythmias associated with 
cardiovascular collapse. In 22 critically ill patients, recurrent ventricular 
tachyarrhythmias proved refractory to 3.7 + 1.1 (mean + standard devi- 
ation) antiarrhythmic drugs. In the 24-hour period before intravenous 
amiodarone treatment, patients experienced 2.4 + 2.3 episodes of life- 
threatening ventricular tachycardia, ventricular fibrillation, or both, that 
required 4.0 + 3.9 direct current cardioversions. By the second 24-hour 
period after intravenous amiodarone, life-threatening ventricular 
tachyarrhythmias were reduced to 0.4 + 0.7 episode/patient, requiring 
0.4 + 0.9 direct current cardioversion. Arrhythmias were controlled in 11 
of 22 (50%) patients within the first 24 hours, and in 14 of 22 (64%) in the 
second 24 hours. Thus, in critically ill patients, intravenous amiodarone 
may be useful for rapid control of spontaneous refractory ventricular 
tachyarrhythmias. 


SYSTEMIC HYPERTENSION 


ON eee E ANE at e PAA ee 
Usefulness of Twenty-Four-Hour Blood Pressure Patterns and 
Response to Short-Term Sodium Restriction in Normotensive 
Subjects in Detecting a Predisposition to Systemic Arterial 
Hypertension 

Pietro Cugini, Daniele Danese, Paola Battisti, Loredana Di Palma, 
Giuseppe Leone, and Terukazu Kawasaki 


The response to an abrupt dietary sodium restriction was investigated in 
normotensive subjects via 24-hour monitoring of blood pressure. The 
chronobiologic analysis disclosed different responses depending on the 
familial predisposition to hypertension. In detail, the subjects with a posi- 
tive pedigree for hypertension showed no significant response of the blood 
pressure mesor to acute dietary sodium deprivation. The finding may be 
regarded as a clinical marker for identification. 


Continued on page A39 
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This is nota 
headache! 





It'saheart . 
attack waiting 
to happen 


In patients with unstable angina or prior infarction, stenotic 
coronary arteries are like a time bomb waiting for the 

Left coronary artery stenosis as detonator, a blood clot. This is no time for false economies.. 
ener Or for recommending just any aspirin. It's a situation 

the left ventricle (the most common to be trusted to the brand of aspirin proven effective 

site of infarction) of 60% of its poten- 


tial blood supply. in two of the three landmark aspirin/MI trials conducted 
in the U.S. 


Genuine BAYER® Aspirin costs about 1 cent a day more 
than generic aspirin. For that extra cent, BAYER provides 
assurance of quality and consistency...the exclusive 
patented Toleraid® coating for easy swallowing... 
extensive patient educational materials...and ongoing 
support of cardiovascular research. 


BAYER Aspirin contains no sodium or caffeine, and no 
costly unnecessary buffers. At the low dosage (one 
325 mg tablet daily) approved for MI prophylaxis, it 
poses virtually no risk of gastric ulcer.* BAYER. It's pure 
aspirin, economical aspirin...serious 


medicine for a serious problem. 
*Cameron, A.J.: Aspirin and gastric ulcer. Mayo Clin. Proc. 50:565-570, 1975. 


About 2¢ a day for MI prophylaxis 
Specify Genuine 

® © © 
Bayer Aspirin 


The wonder drug that works wonders” 


For professional labeling, please see the following page. 








FDA will publish professional labeling for this use of aspirin in its tenta- 
ve: final. monograph for OTC internal anaigesic, antipyretic, and anti- 
_ theumatic drug products. Professional labeling is information provided 


“tO health professionals, but not to the general public. This monograph 
will propose the following wording 


INDICATION: 


Aspirin is indicated to reduce the risk of death and/or non-fatal myocar- 
«dial infarction in patients with a previous infarction or unstable angina 
oo pectoris, 


“CLINICAL TRIALS: 


<The indication is supported by the results of six, large, randomized, 
“multicenter, placebo-controlled studies)? involving 10,816, predomi- 
“nantly male, post-myocardial infarction (MI) patients and one random- 
ized, placebo-controlled study of 1,266 men with unstable angina 
Therapy with aspirin was begun at intervals after the onset of acute MI 
varying from less than 3 days to more than 5 years and continued for 
periods of from less than 1 year to 4 years. In the unstable angina study, 
treatment was started within 1 month after the onset of unstable angina 
and continued for 12 weeks, and complicating conditions such as con- 
gestive heart failure were not included in the study. 


Aspirin therapy in MI patients was associated with about a 20 percent 
reduction in the risk of subsequent death and/or non-fatal reinfarction, a 
median absolute decrease of 3 percent from the 12 to 22 percent event 
fates in the placebo groups. In aspirin-treated unstable angina patients 

the reduction in risk was about 50 percent. a reduction in event rate of 5 
percent frorn the 10 percent rate in the placebo group over the 12 weeks 
of the study. 


Daily dosage of aspirin in the post-myocardial infarction studies was 300 
mg in one study and 900-1500 mg in five studies. A dose of 325 mg was 
usedin the study of unstable angina. 


ADVERSE REACTIONS: 


Gastrointestinal Reactions: Doses of 1000 mig per day of aspirin caused 
gastrointestinal symptoms and bleeding that in some cases were clini- 
Cally significant. In the largest post-infarction study (the Aspirin Myocar- 
dial Infarction Study (AMIS) trial with 4,500 people), the percentage 
incidences of gastrointestinal symptoms for the aspirin (1000 mg of a 
standard, solid-tablet formulation) and placebo-treated subjects, 
respectively, were: stomach pain (14.3%: 4.4%): heartburn (11.9%; 
4.3%); nausea and/or Se (7.3%, 2.1%}; hospitalization for Gi disor- 
der (4.9%: 3.3%). In the AMIS and other trials. aspirin-treated patients 
had increased rates of gross gastrointestinal bleeding. Symptoms and 
signs of gastrointestinal irritation were not significantly increased in sub- 
-jects treated for unstable angina with buffered aspirin in solution. 


CARDIOVASCULAR AND BIOCHEMICAL: 


In the AMIS trial. the dosage of 1006 mg per day of aspirin was associ- 
ated with small increases in systolic blood pressure (BP) (average 15 to 
2.1mm) and diastolic BP (0.5 to 0.6 mm), depending upon whether maxi- 
mal or last available readings were used. Blood urea nitrogen and uric 
acid levels were also increased, but by less than 1.0 mg%. Subjects with 
marked hypertension or renal insufficiency had been excluded from the 
trial so that the clinical importance of these observations for such sub- 

jects or for any subjects treated over more prolonged periods is not 
= known. It is recommended that patients placed on long-term aspirin 
treatment, even at doses of 300 mg per day. be seen at regular intervals 
=> t0 assess changes in these measurements. 


SODIUM IN BUFFERED ASPIRIN FOR SOLUTION FORMULATIONS: 


One tablet daily of buffered aspirin in solution adds 553 mg of sodium to 
that in the diet and may not be tolerated by patients with active sodium- 
retaining states such as congestive heart or renal failure. This amount of 
sodium adds about 30 percent to the 70 to 90 meq intake suggested as 
appropriate for dietary treatment of essential hypertension in the 1984 
Report of the Joint National Committee on Detection, Evaluation, and 
Treatment of High Blood Pressure 8 


DOSAGE AND ADMINISTRATION: 


Although most of the studies used dosages exceeding 300 mg, two trials 
used only 300 mg, daily and pharmacologic data indicate that this dose 
inhibits platelet function tully. Therefore, 300 mg or a conventional 325 
mg aspirin dose, daily is a reasonable routine dose that would minimize 
gastrointestinal adverse reactions. This use of aspirin applies to both 
Solid, oral dosage forms (buffered and plain aspirin) and buffered aspi- 
rin in solution. 
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THEBAYERCOMPANY _ 
90 Park Avenue, New York: NY 10016 



















CARDIOLOGIST (U. S. TRAINED). Board Certified/Board Eligible, In- 
vasive/Non-invasive to join group of Board Certified Cardiologists in 
rapidly growing suburb of Atlanta, Ga. Busy hospital based private 
practice including Cath. PTCA, all non-invasive parameters. Available 
immediately. Excellent Opportunity with generous salary and benefit 
package leading to partnership. Reply Box 960, The American Journal 
of Cardiology, 249 W. 17th St., New York, N.Y. 10011. 







CARDIOLOGIST—Non-invasive BC-BE to join a superior and 
growing multispecialty group in northwestern PA college town. 
Excellent living and working environment. Attractive salary and 
benefits. Send CV to Box 1015, The American Journal of Car- 
diology, 249 W. 17th St., New York, NY 10011. 






CARDIOLOGIST—-BC/BE, Invasive referral practice, 
quaranteed salary. Willing to supplement Cardiology 
with IM. Central Florida. CV to Box 1030, The American 
Journal of Cardiology, 249 W. 17th St., New York, N.Y. 
10011. 
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Marshfield Clinic, a 325-physician multi- 
Specialty group, is seeking several inva- 
sive (but not interventional) cardiologists 
to join its expanding 13-member Cardiol- 
ogy Department. Currently morethan 2750 
cardiac catheterizations, 600 open heart 
operations, 250 electrophysiology proce- 
dures are performed annually. This is an 
outstanding opportunity for a BC/BE eli- 
gible cardiologist with three years of fel- 
lowship training. The position offers an ex- 
cellent starting salary, superior fringe 
benefits, and full partnership in two years. 
Send C.V. with first letter to: 


























W. Bruce Fye, M.D. 
Chairman 
Department of Cardiology 


1000 North Oak Avenue 
Marshfield, WI 54449 


Marshfield Cinic vie 












































CONGESTIVE HEART FAILURE 


ee eee ee ee 
Relation Between Plasma Norepinephrine and Response to 
Medical Therapy in Men with Congestive Heart Failure 
Secondary to Coronary Artery Disease or Idiopathic Dilated 
Cardiomyopathy 

Walter Kao, Mihai Gheorghiade, Veronica Hall, and Sidney Goldstein 


Serial measurements of plasma norepinephrine concentration and heart 
failure scores were examined in 11 patients with heart failure and dilated 
cardiomyopathy over a 1-year period. A significant difference in plasma 
norepinephrine concentration was observed between patients who re- 
sponded to heart failure therapy and those who did not. There was also a 
significant correlation between plasma norepinephrine levels and change 
in clinical heart failure score. 


VALVULAR HEART DISEASE 
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Influence of Transmitral Filling Dynamics on Continuous-Wave 
Doppler Assessment of Aortic Regurgitation by Half-Time 
Methods 

Jean-Louis Vanoverschelde, Annie R. Taymans-Robert, Daniel A. Raphaél, 
and Jacques R. Cosyns 


To assess the influence of transmitral filling dynamics on the evaluation of 
aortic regurgitation (AR) by continuous-wave Doppler pressure half- 
time, we studied 30 patients with chronic AR. Pulsed-wave Doppler regur- 
gitant fraction and color flow-relative regurgitant jet area were chosen as 
reference standards of the severity of AR. The ratio of early (E) to late (A) 
transmitral peak velocities was used to divide the patients into 2 groups: 
group A = 16 patients with E/A <1; and group B = 14 patients with E/A 
>1. At a similar degree of AR, assessed by either Doppler regurgitant 
fraction or relative regurgitant jet area, pressure half-time was shorter in 
group A (p <0.001). Thus, the transmitral inflow pattern affects pressure 
half-time independently of the severity of AR and should be considered 
when AR is assessed by half-time methods. 
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Combined Percutaneous Mitral and Aortic Balloon 
Valvuloplasty 

Alfonso Medina, Armando Bethencourt, Ignacio Coello, Enrique 
Hernandez, Javier Goicolea, Eva Laraudogoitia, Francisco Melián, 
Francisco Jimenez, Antonio Drumond, and Eduardo Olalla 


Combined mitral and aortic balloon valvuloplasty was performed in 10 
patients who had symptomatic mitral and aortic rheumatic stenosis. The 
procedure could be considered successful in 9 patients, resulting in a 
significant increase in both the mitral (0.97 + 0.19 to 1.80 + 0.26 cm?) 
and aortic valve area (0.63 + 0.18 to 1.15 + 0.32 cm?). One patient 
immediately developed severe mitral regurgitation and required emergen- 
cy surgery in the following 24 hours. Mid-term follow up, for a period 
averaging 8 + 3 months, showed a persistent clinical benefit and echo 
Doppler showed no case of mitral restenosis and 2 cases of aortic resteno- 
sis. We conclude that, in selected patients with mitral and aortic rheumat- 
ic stenosis, combined mitral and aortic percutaneous balloon valvuloplasty 
could be a valid alternative treatment. Further experience and long-term 
hemodynamic follow-up are necessary to define the role of this mode of 
treatment. 
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Continuous Spectral Analysis of Heart Murmurs for Evaluating 
Stenotic Cardiac Lesions 

Richard L. Donnerstein 





Computer frequency analysis of heart murmurs was used to determine if 
the instantaneous sound frequencies contained in these murmurs were 
related to instantaneous jet velocities distal to associated obstructions. 
Murmurs were recorded from 18 patients, ages 1 day to 23 years, with 21 
separate murmurs. Instantaneous dominant frequencies contained in the 
murmurs were compared to jet velocities measured by continuous wave 
Doppler echocardiography. For 88 points analyzed, instantaneous domi- 
nant frequencies ranged from 130 to 460 Hz and correlated to instanta- 
neous jet velocities (r = 0.85). Peak dominant frequencies for the 21 
separate murmurs ranged from 165 to 460 Hz and correlated to peak jet 
velocities (r = 0.89). This study demonstrates that frequency contents of 
heart murmurs can be used to estimate jet velocities distal to stenotic 
lesions and, therefore, the severity of these lesions. 


Continued on page A444 











In hypertension, in heart failure* 


A PAS GE OF BRYEITSTOR 
YOU 
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e Promotes LVH regression’ 

e Tends to sustain cerebral blood flow? 

e Does not adversely affect lipid profile? 
e Tends to sustain renal blood flow* 


*CAPOTEN is indicated for the treatments of both hypertension and heart 
failure. CAPOTEN may be used as initial therapy only for hypertensive 
patients with normal renal function in whom the risk of neutropenia/ 
agranulocytosis is relatively low (1 out of over 8,600 in clinical trials). 
CAPOTEN also may be used in patients with heart failure who have not 
responded adequately to treatment with diuretics and digitalis. 

Although the beneficial effect of captopril in heart failure does not 
require the presence of digitalis, most controlled clinical trial experience 
with captopril has been in patients receiving digitalis, as well as diuretic 
treatment. Consequently, CAPOTEN should generally be added to both of 
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SQUIBB 


LDER CV PATIENTS 


Your therapeutic choice today, 


can offer patients a 
lifetime of benefits. 


these agents except when digitalis use is poorly tolerated or otherwise not 
feasible. In using CAPOTEN, consideration should be given to the risk of 
neutropenia/agranulocytosis. Use special precautions in all patients with 
impaired renal function, collagen vascular disorders, or those exposed 

to other drugs known to affect the white blood cells or immune response. 
Evaluation of hypertensive and heart failure patients should always 
include assessment of renal function. See INDICATIONS AND USAGE, 
CONTRAINDICATIONS, WARNINGS, PRECAUTIONS, and ADVERSE 
REACTIONS in the brief summary of prescribing information on the 
adjacent page. 





_ Your therapeutic choice today can mean a lifetime of patient benefits 
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Captopril Tablets 
INDICATIONS: Hypertension—CAPOTEN (captopril) is indicated for the treatment of hyper- 
“tension. Consideration should be given to the risk of neutropenia/ agranulocytosis (see 
WARNINGS). CAPOTEN is effective alone and in combination with other antihypertensive 
gents, especially thiazide-type diuretics. 
Heart Failure: CAPOTEN (captopril) is indicated in the treatment of congestive heart failure in 
patients who have not responded adequately to treatment with diuretics and digitalis. CAPOTEN 
should generally be added to both of these agents except when digitalis use is poorly tolerated 
or otherwise not feasible. 


‘CONTRAINDICATIONS: CAPOTEN is contraindicated in patients who are hypersensitive to this 
“product. 
‘WARNINGS: Angioedema—Angicedema involving the extremities, face, lips, mucous membranes, 
tongue, glottis or larynx has been seen in patients treated with ACE inhibitors, including captopril. 
angioedema involves the tongue, glottis or larynx, airway obstruction may occur and be fatal. 
Emergency therapy, including but not necessarily limited to, subcutaneous administration of a 
/:1000 solution of epinephrine should be promptly instituted. 
Neutropenia/Agranulocytosis—Neutropenia (< 1000/ mm?) with myeloid hypoplasia has resulted 
“fram use of captopril. About half of the neutropenic patients developed systemic or oral cavity 
infections or other features of the syndrome of agranulocytosis. The risk of neutropenia is de- 
pendent:on the clinical status of the patient: 
in clinical trials in patients with hypertension who have normal renal function (serum creati- 
‘nineless than 1.6 mg/dL and no collagen vascular disease), neutropenia has been seen in 
: < one patient out of over 8,600 exposed. in patients with some degree of renal failure (serum 
creatinine at least 1.6 mg/dL} but no collagen vascular disease, the risk in clinical trials was 
about 1 per 500. Doses were relatively high in these patients, particularly in view of their 
“diminished renal function. in patients with collagen vascular diseases (e.g., systemic lupus 
: erythematosus, scleroderma) and impaired renal function, neutropenia occurred in 3.7% of 
patients in clinical trials. While none of the over 750 patients in formal clinical trials of heart 
failure developed neutropenia, it has occurred during the subsequent clinical experience. Of 
reported cases, about half had serum creatinine = 1.6 mg/dL and more than 75% received 
procainamide. in heart failure, it appears that the same risk factors for neutropenia are present. 


Neutropenia has appeared usually within 3 months after starting therapy, associated with my- 
eloid hypoplasia and frequently accompanied by erythroid hypoplasia and decreased num- 
bers of megakaryocytes (e.g., hypoplastic bone marrow and pancytopenia); anemia and 
Ahrombocytopenia were sometimes seen. Neutrophils generally returned to normal in about 2 

_ weeks after captopril was discontinued, and serious infections were limited to clinically com- 
-plex patients, About 13% of the cases of neutropenia have ended fatally, but almost ail fatalities 
were in patients with serious iliness, having collagen vascular disease, renal failure, heart 
-failure or immunosuppressant therapy, or a combination of these complicating factors. Evatua- 
“tion of the hypertensive or heart failure patient should always include assessment of renal 
function. if captopril is used in patients with impaired renal function, white blood cell and 
differential counts should be evaluated prior to starting treatment and at approximately 2-week 

intervals for about 3 months, then periodically. in patients with collagen vascular disease or 
who are exposed to other drugs known to affect the white cells or immune response, particu- 
larly when there is impaired renal function, captopril should be used only after an assessment 
sof benefit and risk, and then with caution. All patients treated with captopril should be told to 
feport any signs of infection (e.g., sore throat, fever). If infection is suspected, perform white 
cell counts without delay. Since discontinuation of captopril and other drugs has generally led 
“to prompt return of the white count to normal, upon confirmation of neutropenia (neutrophil 
count <1000/mms) withdraw captopril and closely follow the patient's course. 
Proteinuria: Total urinary proteins >1 g per day were seen in about 0.7% of patients on captopril. 
About 90% of affected patients had evidence of prior renal disease or received high doses 
150.mg/ day), or both. The nephrotic syndrome occurred in about one-fifth of proteinuric 
patients. in most cases, proteinuria subsided or cleared within 6 months whether or not captopril 
“was continued. The BUN and creatinine were seldom altered in proteinuric patients. Since 
most cases of proteinuria occurred by the 8th month of therapy with captopril, patients with 
prior renal disease or those receiving captopril at doses >150 mg per day, should have urinary 
protein estimates (dip-stick on ist morning urine) before therapy, and periodically thereafter. 
Hypotension: Excessive hypotension was rarely seen in hypertensive patients but is a possi- 
bility in severely salt/volume-depleted persons such as those treated vigorously with diuretics 
{see PRECAUTIONS [Drug Interactions). In heart failure, where the blood pressure was either 
normal or low, transient decreases in mean blood pressure >20% were recorded in about half 
“of the patients. This transient hypotension may occur after any of the first several doses and is 
‘usually well tolerated, although rarely it has been associated with arrhythmia or conduction 
defects. A starting dose of 6.25 or 12.5 mg tid may minimize the hypotensive effect. Patients 
‘should be followed closely for the first 2 weeks of treatment and whenever the dose of captopril 
‘and/or diuretic is increased. 


[BECAUSE OF THE POTENTIAL. FALL IN BLOOD PRESSURE IN THESE PATIENTS, THERAPY 
SHOULD BE STARTED UNDER VERY CLOSE MEDICAL SUPERVISION. 


PRECAUTIONS: General: impaired Renal Function—Hypertension— Some hypertensive pa- 
tients with renal disease, particularly those with severe renal artery stenosis, have developed 
increases in BUN and serum creatinine. It may be necessary to reduce captopril dosage and/or 
liscontinue diuretic. For some of these patients, normalization of blood pressure and mainte- 
: nance of adequate renal perfusion may not be possible. Heart Failure—About 20% of patients 
develop stable elevations of BUN and serum creatinine >20% above normal or baseline upon 
jong-term treatment. Less than 5% of patients, generally with severe preexisting renal disease, 
: Yequired discontinuation due to progressively increasing creatinine. See DOSAGE AND ADMINI- 
-O STRATION, ADVERSE REACTIONS [Altered Laboratory Findings]. Valvular Stenosis—A theo- 
: retical concern, forrisk of decreased coronary perfusion, has been noted regarding vasodilator 
treatment in-patients with aortic stenosis due to decreased afterload reduction. Surgery/Anes- 
er -occurs during surgery or anesthesia, and is considered due to the ef- 
is Correctable by volume expansion. 





HOW. SUPPLIED: Available in tablets of 12 





the diuretic or increasing the salt intake about 1 week prior to initiation of captopril therapy or 
by initiating therapy with smali doses (6.25 or 12.5 mg). Alternatively, provide medical supervi- 
sion for at least 1 hour after the initial dose. 

Agents Having Vasodilator Activity—in heart failure patients, vasodilators should be ad- 
ministered with caution. 

Agents Causing Renin Release—Captopril's effect will be augmented by antihypertensive 
agents that cause renin release. 

Agents Affecting Sympathetic Activity—The sympathetic nervous system may be especially 
important in supporting biood pressure in patients receiving captopril alone or with diuretics. 
Beta-adrenergic blocking drugs add some further antihypertensive effect to captopril, but the 
overall response is less than additive. Therefore, use agents affecting sympathetic activity (e.9., 
ganglionic biocking agents or adrenergic neuron blocking agents) with caution. 

Agents increasing Serum Potassium—Give potassium-sparing diuretics or potassium sup- 
plements only for documented hypokalemia, and then with caution, since they may lead to a 
significant increase of serum potassium. Use potassium-containing salt substitutes with caution, 

Inhibitors of Endogenous Prostaglandin Synthesis— Indomethacin and other nonsteroidal 
anti-inflammatory agents may reduce the antihypertensive effect of captopril, especially in tow 
renin hypertension. 

Drug/Laboratory Test Interaction: Captopril may cause a false-positive urine test for acetone. 


Carcinogenesis, Mutagenesis and Impairment of Fertility: Two-year studies with doses of 50 
to 1350 mg/ kg/day in mice and rats failed to show any evidence of carcinogenic potential. 
Studies in rats have revealed no impairment of fertility. 

: Category C: There are no adequate and well-controlled studies in pregnant women. 
Embryocidal effects and craniofacial malformations were observed in rabbits. Therefore, 
captopril should be used during pregnancy, or for patients likely to become pregnant, only if 
the potential benefit outweighs the potential risk to the fetus. Captopril crosses the human 
placenta. 


Nursing Mothers: Captopril is secreted in human milk. Exercise caution when administering 
captopril to a nursing woman, and, in general, nursing should be interrupted. 
Pediatric Use: Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS: Reported incidences are based on clinical trials involving approxi- 
mately 7000 patients. 

Renai—About 1 of 100 patients developed proteinuria (see WARNINGS). Renal insufficiency, 
renal failure, polyuria, oliguria, and urinary frequency in 1 to 2 of 1000 patients. 

Hematologic—Neutropenia/agranulocytosis has occurred (see WARNINGS). Anemia, 
thrombocytopenia, and pancytopenia have been reported. 

Dermatologic—Rash, {usually maculopapular, rarely urticarial), often with pruritus, and some- 
times with fever and eosinophilia, in about 4 to 7 of 100 patients (depending on renai status and 
dose), usually during the 1st 4 weeks of therapy. Pruritus, without rash, in about 2 of 100 pa- 
tients. A reversible associated pemphigoid-like lesion, and photosensitivity, have also been 
reported. Flushing or pallor in 2 to 5 of 1000 patients. 

Cardiovascular—Hypotension may occur; see WARNINGS and PRECAUTIONS [Drug 
interactions] for discussion of hypotension on initiation of captopril therapy. Tachycardia, chest 
pain, and palpitations each in about 1 of 100 patients. Angina pectoris, myocardial infarction, 
Raynaud's syndrome, and congestive heart failure each in 2 to 3 of 1000 patients. 

Dysgeusia—Approximately 2 to 4 (depending on renal status and dose) of 100 patients 
developed a diminution or loss of taste perception: taste impairment is reversible and usually 
self-limited even with continued drug use (2 to 3 months). 

Angioedema—Angicedema involving the extremities, face, lips, mucous membranes, tongue, 
glottis or larynx has been reported in approximately one in 1000 patients. Angioedema involv- 
ing the upper airways has caused fatal airway obstruction. (See WARNINGS.) 

The following have been reported in about 0.5 to 2 percent of patients but did not appear at 
increased frequency compared to placebo or other treatments used in controlled trials: gastric 
irritation, abdominal pain, nausea, vomiting, diarrhea, anorexia, constipation, aphthous ulcers, 
peptic ulcer, dizziness, headache, malaise, fatigue, insomnia, dry mouth, dyspnea, cough, alo- 
pecia, paresthesias. 

Other clinical adverse effects reported since the drug was marketed are listed below 
by body system. In this setting, an incidence or causal relationship cannot be accurately 
determined. 

General: Asthenia, gynecomastia. 

Cardiovascular: Cardiac arrest, cerebrovascular accident, syncope. 

Dermatologic: Builous pemphigus. 

Gastrointestinal: Pancreatitis, glossitis. 

Hematologic: Anemia, including aplastic and hemolytic. 

Hepatobiliary: Hepatitis, including rare cases of necrosis, cholestasis. 

Metabolic: Symptomatic hyponatremia. 

Musculoskeletal: Myalgia, myasthenia. 

Nervous/Psychiatric: Ataxia, contusion, depression, nervousness, somnolence. 

Respiratory: Bronchospasm, eosinophilic pneumonitis, rhinitis. 

Special Senses: Blurred vision. 

Urogenital: impotence. 

As with other ACE inhibitors, a syndrome has been reported which includes: fever, myalgia, 
arthralgia, rash or other dermatologic manifestations, eosinophilia and an elevated ESR. Find- 
ings have usually resolved with discontinuation of treatment. 


Altered Laboratory Findings: Serum Electrolytes: Hyperkalemia: smail increases in serum po- 
tassium, especially in patients with renal impairment (see PRECAUTIONS). 

Hyponatremia: particularly in patients receiving a low sodium diet or concomitant diuretics. 

BUN/Serum Creatinine: Transient elevations of BUN or serum creatinine especially in volume 
or salt depleted patients or those with renovascular hypertension may occur. Rapid reduction of 
longstanding or markedly elevated blood pressure can result in decreases in the glomerular 
filtration rate and, in turn, lead to increases in BUN or serum creatinine. 

Hematologic: A positive ANA has been reported. 

Liver Function Tests: Elevations of liver transaminases, alkaline phosphatase, and serum 
bilirubin have occurred. 


OVERDOSAGE: Primary concern is correction of hypotension. Volume expansion with an LV. 
infusion of normal saline is the treatment of choice for restoration of blood pressure. Captopril 
may be removed from the general circulation by hemodialysis. 


DOSAGE AND ADMINISTRATION: CAPOTEN (captopril) should be taken one hour before 
meals. in hypertension, CAPOTEN may be dosed bid or tid. Dosage must be individualized; 
see DOSAGE AND ADMINISTRATION section of package insert for detailed information re~- 
garding dosage in hypertension and in heart failure. Because CAPOTEN (captopril) is excreted 
primarily by the kidneys, dosage adjustments are recommended for patients with impaled 





Consult package insert before prescribing CAPOTEN (captopril). 


25, and 50 mg n bottle of 100 and 1000; 100mg : 








To Critical Care - 
Arrhythmia Monitoring. 


The way most arrhythmia moni- 

toring systems work leaves a lot t 

be desired. By capturing and storing . 

only arrhythmic events, important 
ECG information before 
and after the event is.no 
available—forcing the 


Full-Disclosure clinician to make critical 
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Now, there is an alte 
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Full-Disclosure Arrhythm: 

System which provides 

full-disclosure multiple: 
lead ECG, without the need for a _ 
separate Holter recording. 

This system collects data 
directly from SpaceLabs PCMS 
patient monitors via SpaceLabs 
Ethernet™ communications net- 
work and is fully compatible with 
SpaceLabs PCMS telemetry. 

By offering complete retrospec- 
tive data, full-disclosure arrhythmia 
serves as a powerful tool designed.to. 
assist you in making more informed, 
confident diagnoses and treatment 
decisions. Risks due to partial or 
incomplete information are elimi- 
nated. If desired, full-disclosure of 
all monitored parameters, such as 
blood pressures, respiration and 
end tidal CO, can be provided to 
correlate arrhythmic events with 
other physiological effects. 

Why risk knowing anything less? 
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PO, Box 97013, Redmond, WA 98073-9713 

(206) 882-3700 ; 
Distribution worldwide: Offices in Munich, 

London, Paris, Sydney © 1989, Spacelabs, Inc. 
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Lovastatin Therapy for Hypercholesterolemia in Cardiac 
Transplant Recipients 

Paul C. Kuo, James M. Kirshenbaum, John Gordon, Glenn Laffel, Pia 
Young, Verdi J. DiSesa, Gilbert H. Mudge, Jr., and Douglas E. Vaughan 


We identified type II hyperlipidemia in 11 cardiac transplant recipients 
after a mean follow-up period of 15 months (range 3 to 41). Lovastatin, at 
an initial dosage of 20 mg/day, was administered for a period of 1 year. 
Lipid profiles, hepatic transaminase, serum creatinine, creatine kinase and 
cyclosporine-A serum trough levels were measured quarterly. Total cho- 
lesterol decreased by 27% (354 + 50 vs 258 + 36 mg/dl, p <0.01) and low 
density lipoprotein cholesterol decreased by 34% (221 + 51 vs 146 + 40 
mg/dl, p <0.01) after 3 months and remained constant. All other surveil- 
lance laboratory tests remained stable. Lovastatin was uniformly well 
tolerated and we saw no evidence of rhabdomyolysis. The drug appears to 
be a safe, effective and well-tolerated therapy for hypercholesterolemia in 
cardiac transplant patients. 


i i ee eee 
Influence of Beta Blockade on Exercise Capacity and Heart 
Rate Response After Human Orthotopic and Heterotopic 
Cardiac Transplantation 

Salim Yusuf, Stergios Theodoropoulos, Nazir Dhalla, Christopher J. 
Mathias, Koon K. Teo, Janet Wittes, and Magdi Yacoub 


We studied the effects of intravenous propranolol during maximal tread- 
mill exercise in 7 patients with heterotopic and 6 with orthotopic cardiac 
transplantations. After 6 blockade, we observed an average decrease of 
about 15% in exercise duration (p <0.001), a 34% reduction in systolic 
blood pressure increase (p <0.05) and a 40% attenuation of increase in 
heart rate (p <0.001). In patients with heterotopic transplantation, the 
denervated donor heart was found to be more sensitive to 8 blockade than 
the innervated recipient heart. No adverse effects were observed during 
exercise. Beta-blocker therapy should be considered for cardiac transplant 
patients if longer-term studies confirm their safe use in these patients. 
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Exercise Capacity During the First Year After Cardiac 
Transplantation 

Arthur J. Labovitz, Ami M. Drimmer, Lawrence R. McBride, D. Glenn 
Pennington, Vallee L. Willman, and Leslie W. Miller 


To assess the influence of various clinical parameters on exercise capacity 
after cardiac transplantation, 40 patients were studied by metabolic exer- 
cise testing early (1 to 3 months) and late (6 to 12 months) after cardiac 
transplantation. Peak exercise capacity correlated inversely with both age 
and length of hospital stay. Longer cold ischemic time as well as increased 
episodes of rejection after transplantation resulted in lower exercise capac- 
ity 6 to 12 months after transplantation. 
















The only beta blocker 
as effective as quinidine 


without quinidine complications. 


In randomized, double-blind crossover studies,’? Sectral® (acebutolol HCI) 
was shown to be as effective as quinidine in reducing spontaneous 
premature ventricular contractions (PVCs), exercise-induced PVCs and 
complex PVCs’ Unlike quinidine, Sectral® was not associated with drug- 
related gastric discomfort or diarrhea.'? Clinical experience in over 1,000 
patients yielded only a 4 percent incidence of diarrhea, constipation or 
flatulence. 


As the investigators commented: “The antiarrhythmic activity of (Sectral®), 
its ancillary pharmacologic properties, and its tolerance by a diverse 
group of patients make (Sectral®) a significant tool for the clinician in the 
management of chronic arrhythmia.”? 


Like other beta blockers, Sectral® is contraindicated in persistently severe 
bradycardia, second- and third-degree heart block, overt congestive 
heart failure and.cardiogenic shock. 


Initiate Sectral® therapy with 200 mg b.i.d. Dosage can be increased 
gradually until optimal eee obtained, generally between 600 mg 
to 1200 mg per es 


Please see brief s ary on gdjacent page. 
*Sectral® is r ed:fo ventricular tachycardia. | 





acebutolol HCI 


For uncomplicated 
control of PVCs. 









































































acebutolol HCI 


For uncomplicated control of PVCs. 


jet summary of prescribing information) 
CONTRAINDICATIONS: SECTRAL is contraindicated in: 1) persistently severe bradycardia; 
2)second- and third-degree heart block; 3) overt cardiac failure; and 4) cardiogenic shock. (See 
WARNINGS) 
JABNINGS: CARDIAC FAILURE: Sympathetic stimulation may be essential for support of the 
culation in individuals with diminished myocardial contractility, and its inhibition by B - 


frenergic receptor blockade may precipitate more severe failure. Although B -blockers should be 


avoided ih overt cardiac failure, SECTRAL can be used with caution in patients with a history of 
heart failure who are controlled with digitalis and/or diuretics. Both digitalis and SECTRAL 
pair AV conduction. if cardiac failure persists, therapy with SECTRAL should be withdrawn. 
‘PATIENTS WITHOUT A HISTORY OF CARDIAC FAILURE: In patients with aortic or mitral 
iva- disease or compromised left ventricular function, continued depression of the myocardium 
‘with B -blocking agents over a period of time may lead to cardiac failure. At the first signs of 
failure, patients should be digitalized and/or be given a diuretic and the response observed 
closely.tf cardiac failure continues despite adequate digitalization and/or diuretic, SECTRAL 
‘apy should be withdrawn. 
EXACERBATION OF ISCHEMIC HEART DISEASE FOLLOWING ABRUPT WITHDRAWAL: 
‘ollowing abrupt cessation of therapy with certain B-blocking agents in patients with coronary 
ry disease, exacerbation of angina pectoris and, in some cases, myocardial infarction and 
th have been reported. Therefore, such patients shoutd be cautioned against interruption of 
therapy without a physician's advice. Even in the absence of overt ischemic heart disease, when 
iscontinuation of SECTRAL is planned, the patient should be carefuliy observed, and should be 
sed to limit physical activity to a minimum white SECTRAL is gradually withdrawn over a 


pe 

transferred directly to comparabie doses of another agent without interruption of B-blocking 
herapy}. Ifan exacerbation of angina pectoris occurs, anti-anginal therapy should be restarted 
immediately in full doses and the patient hospitalized until his condition stabilizes. 

PERIPHERAL VASCULAR DISEASE: Treatment with B -antagonists reduces cardiac output and 
can precipitate or aggravate the symptoms of arterial insufficiency in patients with peripheral or 
Mesenteric. vascular disease. Caution should be exercised with such patients and they shouid be 
‘observed closely for evidence of progression of arterial obstruction. 

BRONCHOSPASTIC DISEASES: PATIENTS WITH BRONCHOSPASTIC DISEASE SHOULD, IN 

ENERAL, NOT RECEIVE A B-BLOCKER. Because of its relative 8 ,-selectivity, however, low 


doses of SECTRAL may be used with caution in patients with bronchospastic disease who do not 


nd:to, or who cannot tolerate, alternative treatment. Since 8 ,-selectivity is not absolute and 
lgse-dependent, the lowest possible dose of SECTRAL should be used initially, preferably in 
ivided doses to avoid the higher plasma levels associated with the longer dose-interval. A 
‘bronchodilator, such as a theophylline or a g ,-stimulant, should be made available in advance 
with instructions concerning its use. 
ANESTHESIA AND MAJOR SURGERY: The necessity, or desirability, of withdrawal of a B- 
locking therapy prior to major surgery is controversial. B -adrenergic receptor blockade impairs 


the ability of the heart to respond to B -adrenergically mediated reflex stimuli. While this might be of 


benefit in.preventing arrhythmic response, the risk of excessive myocardial depression during 
eral anesthesia may be enhanced and difficulty in restarting and maintaining the heartbeat has 
en reported with beta-blockers. if treatment is continued, particular care should be taken when 
using anesthetic agents which depress the myocardium, such as ether, cyclopropane and 
‘ichiorethylene, and it is prudent to use the lowest possible dose of SECTRAL. SECTRAL., like 


other B-blockers, is a competitive inhibitor of 8-receptor agonists and its effect on the heart can be 


reversed by cautious administration of such agents (e.g., dobutamine or isoproterenoi—see 
OVERDOSE). Manifestations of excessive vagal tone (e.g., profound bradycardia, hypotension} 
iy be corrected with atropine 1 to 3 mg i.v. in divided doses. 


FABETES AND HYPOGLYCEMIA: B -biockers may potentiate insulin-induced hypoglycemia and 


task. some of its manifestations such as tachycardia; however, dizziness and sweating are usually 

NOt significantly affected. Diabetic patients should be warned of the possibility of masked 

hypoglycemia. 

THYROTOXICOSIS: B -adrenergic blockade may mask certain clinical signs (tachycardia) of 
yperthyroidism. Abrupt withdrawal of B -blockade may precipitate a thyroid storm; therefore, 

patients suspected of developing thyrotoxicosis from whom SECTRAL therapy is to be withdrawn 
hould be monitored closely. 


JECAUTIONS: IMPAIRED RENAL OR HEPATIC FUNCTION: Studies on the effect of acebutolo! 


in patients with renal insufficiency have not been performed in the U.S. Foreign published 
‘experience shows that acebutolol has been used successfully in chronic renal insufficiency. 
butololis excreted through the G.I. tract, but the active metabolite, diacetotol, is eliminated 
redominantly by the kidney. There is a linear relationship between renal clearance of diacetoiol 
and creatinine clearance. Therefore, the daily dose of acebutolo! should be reduced by 50% when 
the creatinine clearance is less than 50 mL/min and by 75% when it is less than 25 mL/min. 
ECTRAL should be used cautiously in patients with impaired hepatic function. 
SECTRAL has been used successfully and without problems in elderly patients in the U.S. 
inical trials without specific adjustment of dosage. However, elderly patients may require lower 
Maintenance doses because the bioavailability of both SECTRAL and its metabolite are 
proximately doubled in this age group. 
LINICAL LABORATORY FINDINGS: SECTRAL, like other R -blockers, has been associated with 
development of antinuclear antibodies (ANA). In prospective clinical trials, patients receiving 


REDTRAM had a dose dependent increase in the development of positive ANA titers and the overall 


cidence was higher than that observed with propranolol. Symptoms (generally persistent 
ithralgias and myaigias) related to this laboratory abnormality were infrequent (less than 1% with 
poth drugs), Symptoms and ANA titers were reversible upon discontinuation of treatment. 
INFORMATION FOR PATIENTS: Patients, especially those with evidence of coronary artery 
‘disease, should be warned against interruption or discontinuation of SECTRAL therapy without a 
ysician's supervision. Although cardiac failure rarely occurs in properly setected patients, those 
ing treated with B-adrenergic blocking agents should be advised to consult a physician if they 
develop signs or symptoms suggestive of impending CHF, or unexpiained respiratory symptoms. 
“Patients should also be warned of possible severe hypertensive reactions from concomitant use 
“a-adrenergic stimulants such as the nasa! decongestants commonly used in OTC cold 
preparations and nasal drops. 
DRUG INTERACTIONS: Catecholamine-depieting drugs, such as reserpine, may have an 
additive effect when given with 6-blocking agents. Patients treated with SECTRAL plus 
catecholamine depietors should, therefore, be observed closely for evidence of marked 
bradycardia or hypotension which may present as vertigo, syncope/pre-syncope, or ortho- 


: Static changes in blood pressure without compensatory tachycardia. Exaggerated hypertensive 


fesponses have been reported from the combined use of B-adrenergic antagonists and a- 
renergic stimulants, including those contained in proprietary cold remedies and vaso- 
constrictive nasal drops. Patients receiving 8 -biockers should be warned of this potential 
Hazard, No significant interactions with digoxin, hydrochtorothiazide, hydralazine, 
_Sulfinpyrazone, oral contraceptives, tolbutamide or wartarin have been observed. 


iod of about two weeks. (If therapy with an alternative 8-biocker is desired, the patient may be 


CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Chronic orai toxicity 
studies in rats and mice, employing dose levels as high as 300 mg/kg/day, which is equivalent 
to 15 times the maximum recommended (60 kg} human dose, did not indicate a carcinogenic 
potential for SECTRAL (acebutotol HC!). Diacetolol, the major metabolite of SECTRAL in man, 
was without carcinogenic potential in rats when tested at doses as high as 1800 mg/kg/day. 
SECTRAL and diacetolol were aiso shown to be devoid of mutagenic potential in the Ames 


Test. SECTRAL, administered orally to two generations of male and temale rats at doses of up 
to 240 mg/kg/day [equivalent to 12 times the maximum recommended therapeutic dose in (a 
60 kg) man] and diacetoiol, administered to two generations of male and female rats at doses 
of up to 1000 mg/kg/day, had no significant impact on reproductive performance or fertility. 
TERATOGENIC EFFECTS: Pregnancy Category B: Reproduction studies have been 
performed with SECTRAL in rats and rabbits at doses of up to 60 mg/kg/day, the equivalent of 
3 times the maximum recommended therapeutic dose in (a 60 kg) man. Studies have also been 
performed in these species with diacetolol (at doses of up to 450 mg/kg/day in rabbits and up 
to 1800 mg/kg/day in rats). Other than a significant elevation in postimplantation toss with 450 
mg/kg/day diacetolol, a level at which food consumption and body weight gain was reduced in 
rabbit dams and a non-statistically significant increase in incidence of bilateral cataract in rat 
fetuses from dams treated with 1800 mg/kg/day diacetolol, there was no evidence of harm to 
the fetus with either drug. There are no adequate and well-controlled trials in pregnant women 
in the U.S.; however, studies have shown that both acebutolol and diacetolo! cross the placenta, 
Because animai teratology studies are not always predictive of the human response, SECTRAL 
shouid be used during pregnancy only if the potential benefit justifies the risk to the fetus. 
Labor and Delivery: The effect of SECTRAL on labor and delivery in pregnant women is 
unknown. Studies in animals have not shown any effect of SECTRAL on the usual course of 
labor and delivery. 
Nursing Mothers: Acebutolo! and diacetolol also appear in breast miik with a milk:plasma ratio 
of 7.1 and 12.2, respectively. Use in nursing mothers is not recommended. 
Pediatric Use: Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS: SECTRAL is well tolerated in properly selected patients. Most adverse 
reactions have been mild, not required discontinuation of therapy, and tended to decrease as 
duration of treatment increases. 

The tollowing tabie shows the frequency of treatment-related side effects derived from 
controlied clinical trials in patients with hypertension, angina pectoris, and arrhythmia. These 
patients received SECTRAL, propranolol, or hydrochlorothiazide as monotherapy, or placebo. 


TOTAL VOLUNTEERED AND ELICITED (U.S. STUDIES) 
Hydrochioro- 
SECTRAL Propranolol thiazide Placebo 


(N=1002) (N=424) (N=178) ({N=314) 
% % % % 
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Cardiovascular 
Chest Pain 
Edema 
Centrai Nervous System 
Depression 
Dizziness 
Fatigue 
Headache 
insomnia 
Abnormal 
dreams 
Dermatologic 
Rash 
Gastrointestinal 
Constipation 
Diarrhea 
Dyspepsia 
Fiatwence 
Nausea 
Genitourinary 
Micturition 
{frequency) 
Musculoskeletal d 
Arthraigia j 
Myaigia 
Respiratory 
Cough 1 
Dyspnea 4 
Rhinitis 2 
Speciai Senses 
Abnormal Vision 2 2 3 Qo 
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The following selected (potentially important) side effects were seen in up to 2% of 
SECTRAL patients: Cardiovascular. hypotension, bradycardia, heart failure. Central Nervous 
System. anxiety, hyper/hypoesthesia, impotence. Dermatological: pruritus. Gastrointestinal: 
vomiting, abdominal pain. Genitourinary: dysuria, nocturia. Musculoskeletal: back pain, joint 
pain. Respiratory: pharyngitis, wheezing. Special Senses: conjunctivitis, dry eye, eye pain. 

The incidence of drug-related adverse effects (volunteered and solicited) according to 
SECTRAL dose is shown below. (Data from 266 hypertensive patients treated for 3 months on 
a constant dose.) 








400 mg/ 800 mg/ 1200 mg/ 

day day day 
Body System {N=132) (N=63) {N=71) 
Cardiovascular 5% 2% 1% 
Gastrointestinal 3% 3% 7% 
Musculoskeletal 2% 3% 4% 
Central Nervous 

System 9% 13% 17% 

Respiratory 1% 5% 6% J 
Skin 1% 2% 1% 
Special Senses 2% 2% 6% 
Genitourinary 2% 3% 1% 





POTENTIAL ADVERSE EFFECTS: In addition, certain adverse effects not listed above have 
been reported with other 8 -blocking agents and should also be considered as potential adverse 
effects of SECTRAL. 

Centrai Nervous System; Reversible mental depression progressing to catatonia (an acute 
syndrome characterized by disorientation for time and piace), short-term memory Joss, 
emotional tability, slightly clouded sensorium, and decreased performance 
(neuropsychometrics). 

Cardiovascular: Intensification of AV block (see CONTRAINDICATIONS). 

Altergic: Erythematous rash, fever combined with aching and sore throat, laryngospasm, and 
respiratory distress. 

Hematologic: Agranulocytosis, non-thrombocytopenic, and thrombocytopenic purpura. 
Gastrointestinal: Mesenteric arterial thrombosis and ischemic colitis. 

Miscellaneous: Reversible alopecia and Peyronie's disease. The oculomucocutaneous 
syndrome associated with the B-biocker practolol has not been reported with SECTRAL during 
investigational use and extensive foreign clinical experience. 


Keep at room temperature. Approximately 25°C (77°F). 
*Sectrai® is not indicated in ventricular tachycardia. 
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No longer will 


increasing your 
ad budget 
be an 
act of faith. 


About $3 billion a year is spent on business 
press advertising—yet amazingly little concrete 
evidence has existed to show whether it really 
works. 

Research to actually prove the effectiveness 
of trade and industrial advertising has been 
unconvincing and inconclusive. 

Till now. 


Finally. New research proves business 
press advertising dramatically increases 
sales and profits. 
It's comprehensive. This landmark research 
study took more than three years to complete 
at a cost of over $390,000. 

It's impartial—the study was conducted 
entirely by the independent Advertising 
Research Foundation. 


conten. with io. inks nigh increases i 
plus increased profits. Considering the 
-competitive crunch of today s marketpl 


kinds of results mean increasing your ad 


_isno longer an act of faith—but an act of sur 


| Shoot down your old notions, and p itth 
_research to work. 


Armed with these new, edsy-to-understand 


~ facts and figures, you can now have powerfu' 
_ decision support for i increasing your tra 
magazine ad budget. 


For your copy of the n of the 
Findings”, v ite on 


Services, 
205 E. 2nd Str - New York, NY 10017. 
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Influence of Age and Sex on Left Ventricular Filling at Rest in 
Subjects Without Clinical Cardiac Disease 

Lawrence J. Sinak and lan P. Clements 


We studied left ventricular (LV) filling at rest by radionuclide ventric- 
ulography using alternate R-wave gating in 42 patients (29 men, 13 
women) with a low likelihood of cardiac disease. Gender did not affect LV 
filling. Age was positively correlated with indexes of atrial filling and 
negatively correlated with rapid filling fraction. Peak filling rate, time to 
peak filling rate and first-half filling fraction were not correlated with age. 
The heart rate at rest was negatively correlated with atrial, slow and rapid 
filling durations, but not with isovolumic duration. Weak significant cor- 
relations were noted between heart rate at rest and peak filling rate and 
first-half filling fraction. Systolic blood pressure at rest correlated weakly 
with atrial filling duration. LV ejection fraction and end-diastolic volume 
index did not influence ventricular filling. 
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A Brief Self-Administered Questionnaire to Determine 
Functional Capacity (The Duke Activity Status Index) 

Mark A. Hlatky, Robin E. Boineau, Michael B. Higginbotham, 

Kerry L. Lee, Daniel B. Mark, Robert M. Califf, Frederick R. Cobb, and 
David B. Pryor 


To develop a brief, self-administered questionnaire that accurately mea- 
sures functional capacity and assesses aspects of quality of life, we studied 
50 subjects undergoing exercise testing with measurement of peak oxygen 
uptake. All subjects were questioned about their ability to perform a 
variety of common activities by an interviewer blinded to exercise test 
findings. A 12-item scale (the Duke Activity Status Index) was then 
developed that correlated well with peak oxygen uptake (Spearman corre- 
lation coefficient 0.80). To test this new index, an independent group of 50 
subjects completed a self-administered questionnaire to determine func- 
tional capacity and underwent exercise testing with measurement of peak 
oxygen uptake. The Duke Activity Status Index correlated significantly (p 
<0.0001) with peak oxygen uptake (Spearman correlation coefficient 
0.58) in this independent sample. The Duke Activity Status Index is a 
valid measure of functional capacity that can be obtained by self-adminis- 
tered questionnaire. 


Continued on page A50. ee l 













On the 
wW 
A == y 
DynaCirc 


(isradipine) 





sA 





A SANDOZPHARMACEUTICALS Allen & Hanburys™ 
Corporation, E. Hanover, NJ 07936 (201) 503-7500 DIVISION OF GLA XO INC. 


©1988 Sandoz Pharmaceuticals Corporation 

























HE AMERICAN JOUR 


METHODS 








6S5 a eg 
Noninvasive Measurement of Left Ventricular Filling Pressures 
by Means of Transmitral Pulsed Doppler Ultrasound 

Thomas V. Stérk, Reinhold M. Maller, Günter J. Piske, Christoph O. 
Ewert, and Hans Hochrein 


In 54 consecutive patients, ages 59 + 11 years, the transmitral diastolic 

flow velocity profile was derived by means of pulsed Doppler echocardiog- 

raphy simultaneously with right-sided heart catheterization. Thirty of 

these patients, ages 57 + 10 years, underwent left-sided heart catheteriza- d 
tion at the same time. The ratio of the time-velocity integrals of the A wave a 
(atrial filling) and the E wave (early filling) was calculated (A /E ratio of 

integrals). Linear regression analysis showed a highly significant linear 

correlation of the A/E ratio of integrals with left ventricular (LV) end- 

diastolic pressure (r = 0.98, p <0.001) and pulmonary capillary wedge 

pressure (r = 0.98, p <0.001 ). The correlation between the calculated and 

invasively measured LV filling pressures in 19 additional patients, ages 55 

+ 8 years, also was found to be highly significant (intraclass correlation 

coefficient = 0.99, p <0.001). We conclude that LV filling parameters 

obtained by means of transmitral pulsed Doppler echocardiography pro- 

vide a reliable noninvasive measurement of LV filling pressures. 


66! = ee 
Factors Influencing Accuracy in Left Ventricular Volume 
Determination > 

Florence H. Sheehan and Suzanne Mitten 


The effect of deviations in protocol to calculate left ventricular volume was 
determined. The error in correction factor ranged from 0.001 to 0.241. 
With careful adherence to protocol, the error in volume determination can 
be reduced to approach that due to interobserver variability in tracing the 
ventricular contour. 
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High Incidence of Acute Coronary Occlusions Complicating s 
Percutaneous Transluminal Coronary Angioplasty for Angina 

Pectoris 

Elliot Chesler, Charles Gornick, Gordon Pierpont, and E. Kenneth Weir 


rca ieee cc gc tama pl 
Restenosis After Excellent Angiographic Angioplasty Result 
for Chronic Total Coronary Artery Occlusion-— 

implications for Newer Percutaneous Revascularization 
Devices 

Stephen G. Ellis, Richard E. Shaw, Spencer B. King, Ill, Richard K. Myler, 
and Eric J. Topol 
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Thiazide Diuretics 


In study after study, they have 
been associated with increases 
in cholesterol. 


And now, the Lipid Research 
Clinics Trial has established 

a clear link between elevated 
lipids and risk of coronary heart 
disease.’ Thiazide diuretics are 
also known to cause potassium 
depletion, which, untreated, 
can lead to cardiac arrhythmias. 
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LOZOL’ (indapamide) 
alone 


In long-term clinical trials, 

Lozol has demonstrated little or 
no effect on serum cholesterol 
levels.24* 


Lozol also has minimal impact on 
potassium, with 95% of patients 
showing no clinical hypokalemia 
in a long-term trial." 


*Lozol is not a cholesterol-lowering agent, nor has it been 
shown to reduce existing atherosclerotic plaque. 


Because of the diuretic effects of Lozol, changes 
in certain electrolytes can occur. Determination of serum 
electrolytes should therefore be performed. 
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LOZOL + ACE inhibitor 
or calcium antagonist 


Like ACE inhibitors and 

calcium antagonists, Lozol lowers 
blood pressure without compro- 
mising cholesterol or potassium. 


That makes Lozol the diuretic to 
choose for kindhearted add-on 
antihypertensive therapy. 
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The diuretic that doesn't 
compromise cholesterol 








LOZOL® indapamide 2.5 mg tablets 


Bret Summary 
DESCRIPTION: Lozol® (indapamide| is an oral antinypertensive/diuretic 
INDICATIONS AND USAGE: Lozol is indicated for the treatment of hypertension, 
alone or in combination with other antihypertensive drugs. 
Lozol is also indicated for the treatment of salt and fluid retention associated with 
congestive heart failure. 
Usage in Pregnancy. (see PRECAUTIONS), 
CONTRAINDICATIONS: Anuria. Known hypersensitivity to indapamide or to other 
sulfonamide-derived drugs. 
WARNINGS: Hypokalemia occurs commonly with diuretics, and Srectrobts monitoring 
is essential, particularly in patients who would be at increased risk from hypokalemia, 
Pet CA i with cardiac arrhythmias or who are receiving concomitant cardiac 
glycosi 
In general, diuretics should not be given concomitantly with lithium because they reduce 
its renal clearance and add a high risk of lithium toxicity. Read prescribing information 
for lithium preparations before use of such concomitant therapy. 
PRECAUTIONS: Senora 
1. Hypokalemia and Other Fluid and Electrolyte Imbalances: Periodic determinations of 
serum electrolytes should be performed at appropriate intervals. In addition, patients 
should be observed for clinical signs of fluid or electrolyte imbalance, such as 
hyponatremia, hypochioremic alkalosis, or hypokalemia. Warning signs include dry 
mouth, thirst, weakness, fatigue, lethargy, drowsiness, restlessness. muscle pains or 
cramps, hypotension, oliguria, tachycardia, and gastrointestinal disturbance. Electrolyte 
determinations are particularly important in patients who are vomiting excessively or 
receiving parenteral fluids, in patients subject to electrolyte imbal; (including those 
wath heart failure, kidney disease, and cirrhosis), and in patients on a salt-restricted 
je 
The risk of hypokalemia secondary to diuresis and natriuresis is increased when larger 
doses are used, when the diuresis is brisk, when severe cirrhosis is present and during 
concomitant use of corticosteroids or ACTH. Interference with adequate oral intake of 
electrolytes will also contribute to hypokalemia. Hypokalemia can sensitize or exagger- 
hi the i o se of the heart to the toxic effects of digitalis, such as increased ventric- 
lar irritability. 
Dilutional hyponatremia may occur in edematous patients; the appropriate treatment is 
restriction of water rather than administration of salt, except in rare instances when the 
hyponatremia is life threatening. However, in actual salt depletion. appropriate replace- 
‘ment is the treatment of . Any chloride deficit that may occur during treatment is 
generally mild and usually does not require specific treatment except in extraordinary 
Circumstances as in liver or ge disease. 
2. Hyperuricemia and Gout: Serum concentrations of uric acid increased by an averaf 
oft ng) 100 ML in patients treated with i ide, onk po rey be wen 
tated in certain patients receiving indapamide (see ADVERSE REACTIONS below). 
Fe en of uric acid should therefore be monitored periodically during 
reatmenl 
3. Renal Impairment: indapamide, like the thiazides, should be used with caution in 
patients with severe renal disease, as reduced plasma volume may exacerbate or pre- 
Cipitate azotemia. If progressive renal impairment is observed in a patient receiving 


ONE A DAY 


LO 
INDAFA 25mg 


The diuretic that doesn't 
compromise cholesterol 


indapamide, withholding or discontinuing diuretic therapy should be considered. Renal 
function tests should te performed periodically during treatment with indapamide. 
4. Impaired Hepatic Function: indapamide, like the thiazides, should be used with cau- 
tion in patients with impaired hepatic function or progressive liver disease, since minor 
alterations of fluid and electrolyte balance may precipitate hepatic coma. 
5. Glucose Tolerance: Latent diabetes et bosone manifest and insulin requirements 
in diabetic patients may be altered during thiazide administration. Serum concentrations 
g pa oe be ae routinely during treatment with Lozol. 
cium Excretion: Calcium excretion is Gecreased by diuretics poping 
related to indapamide, In long-term studies of ene pallens however m 
concentrations of calcium increased only slightly with indapamide. Prolonged treatment 
with drugs pamacongoaiy related to indapamide may in rare instances be associated 
with rypercaicoma a eye ‘Secondary to physiologic changes in the 
parathyroid gland; however, the common complications of hyperparathyroidism, such as 
renal lithiasis, bone resorption, and peptic ulcer, have not been seen. Treatment should 
be discontinued before tests for parathyroid function are performed. Like the thiazides, 
indapamide may decrease serum PBI levels without signs of thyroid disturbance. 
7. Interaction With Systemic Lupus Erythematosus: Thiazides have exacerbated or acti- 
vated systemic lupus erythematosus and this possibility should be considered with 
indapamide as well 
DRUG INTERACTIONS: 1. Other Antihypertensives: Lozol (indapamide| may add to or 
potentiate the action of other antihypertensive drugs. In limited controlled trials that 
Compared the effect of indapamide combined with other antihypertensive with the 
effect of the other drugs administered alone there was no notable change in the nature 
Or frequency of adverse reactions associated with the combined therapy. 
2 Lithium: See WARNINGS. 
3, Post-Sympathectomy Patient: The antihypertensive effect of the drug may be 
ennanced in the post-sympathectomized patient ane 
4. Norepinephrine: indi , like the thiazıdes, may decrease arterial responsiveness 
to norepinephrine, but this diminution is not sufficient to preclude effectiveness of the 
pressor agent for therapeutic use. 
CARCINOGENESIS, MUTAGENESIS. IMPAIRMENT OF FERTILITY: Both mouse and rat 
life-time carcinogenicity studies were conducted. There was no significant difference in 
the incidence of tumors between the indapamide-treatec animals and the control groups. 
mancy/Teratogenic Effects: Pregnancy ey B. Reproduction studies have been 
Ha ef in rats, mice and rabbits at doses up to 250 times the therapeutic human 
gose and have revealed no evidence of impaired fertility or harm to the fetus due to 
Lozol. Postnatal development in rats and mice was unaffected by pretreatment of par- 
ent animals during gestation. There are however, no adequate and well-controlted stud- 
ies in pregnant women. Moreover, diuretics are known to cross the placental barrier and 
appear in cord blood. Because animal reproduction studies are not always predictive of 
human response, this drug should be used during pregnancy only if cl needed. There 
may be hazards associated with this use such as fetal or neonatal jaundice, thrombo- 
Cytopenia, and possibly other adverse reactions that have occurred in the adult. 
Nursing Mothers: \t is not known whether this grup is excreted in human milk. Because 
most drugs are excreted in human milk, if use of this drug is deemed essential, the 
Patient should stop nursing. 
ADVERSE REACTIONS: Most adverse effects have been mild and transient. In lon 
term controlled clinical studies, cumulative adverse reactions = 5% are: headache, diz- 








ziness, fatigue, weakness, loss of energy, lethargy, tiredness, or malaise, muscle cramps 
Of spasm, or numbness of the extremities, nervousness, tension, anxiety, irritability, or 
agitation. Cumulative adverse reactions < 5% are: radedness, drowsiness, vertigo, 
insomnia, Gopression. blurred vision, Constipation, nausea, vomiting, diarrhea, gastric 
iratation inal pain or cramps, anorexia, orthostatic hypotension, premature ven- 
tricular Contractions, irregular heart beat, palpitations. frequency of urination, nocturia, 
po. rash, hives, 4 us, vasculitis, impotence or reduced libido, rhinorrhea, 

u nen 

UN) or 


ening. pen " per ia, hyponatremia, hy hloremia, increase in serum 
jeta ie ( cr nie, gl eosina. weight ose iy mounn. tingling of 
it 


Clinical hypokalemia (i.¢., lowered serum potassium concentration with concomitant clin- 
ical Signs Or symptoms) occurred in 3% and 7% of the patients given indapamide 2.5 
5.0 mg, respectively. In a long-term study of both doses (157 patients given 
indapamide), potassium Supplementation was given to 12% of patients on indapamide 
2.5 mg and 27% of patients on indapamide 5.0 mg 
Other adverse reactions reported with proiypertensive/duretics are jaundice 
(intrahepatic cholestatic jaundice), sialadenitis, xanthopsia, photosensitivity, purpura, 
necrotizing angiitis, fever, respiratory distress (including pneumonitis), and lactic 
reactions, also, agranulocytosis, leukopenia, thrombocytopenia, and aplastic anemia 
[hese reactions should be considered as possible occurrences with clinical usage of 


HOW SUPPLIED: Lozol (i gemide) White, round film-coated tablets of 2,5 mg in 
bottles of 100 (NDC 007: -00), 1,000 (Noc 0075-0082-99), and in unit-dose 
blister packs, boxes of 100 (10 x 10 strips) (NDC 0075-0082-62), 
— foe] ¢ S.A.) law prohibits dispensing without prescription. 

tightly cl tore at room temperature; avoid excessive heat. Dispense in ti 
pe as 4s defined in USP. ý ae 
See product circular for full prescribing information. Revised: November 1988 (AS) 
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S, Vukovich RA, Neiss ES, et al: -term experi- 
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PVCOR PCR? 


(Angel Dust) 


The physiological and psychological symptoms of substance abuse can mimic an 
astounding range of systemic disorders. 

Even more frightening is the fact that illegal drugs can cause sudden death before 
any symptoms occur — regardless of the dose, blood levels, or route of administration. 
Help your patients stop illegal drug use before it stops them. Ask about abuse as 
a routine part of your examination. 

For information, healthcare professionals may call the National Clearinghouse 

for Alcohol and Drug Abuse: 1-301-468-2600, Monday through Friday, 8:30 AM— 
4:30 PM EST. 


HELP STOP SUBSTANCE ABUSE. 
ASK THE QUESTIONS. 


z k Partnership fora Drug-Free America 









Assessment by Doppler Color Flow Mapping of Ventricular 
Septal Defect After Acute Myocardial Infarction 
Gerald Maurer, Lawrence S.C. Czer, Prediman K. Shah, and 
Aurelio Chaux 
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Effect of Propafenone Hydrochloride on Lymphocyte 
Membrane Betaz Adrenoceptors in Ventricular Arrhythmias 
Milou D. Drici, Valérie Sbirrazzuoli, Rodolphe Garraffo, Alain Wajman, 
Philippe Morand, and Philippe Lapalus 
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Increases in Atrial Natriuretic Peptide After Delivery and in the 
Puerperium 

Daniel Duprez, Jean-Marc Kaufman, Yan-Ru Liu, Josée Van Hoecke, Yves 
Van Trappen, Michel Thiery, Alex Vermeulen, and Denis Clement 


676 
Noninvasive Evaluation of Cardiac Structure and Function in 
Alpinists 

Thrassivulos K. Kiratjoglu, Konstantinos D. Gemitzis, and 
Charalampos P. Kougioumtzidis 
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Macroreentrant Ventricular Tachycardia 

and Coronary Artery Disease in Cerebrotendinous 

Xanthomatosis 

Peng-Sheng Chen, R. Peter Fleck, Constance M. Calisi, Joseph A. Kozina, 

and Gregory K. Feld 
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Acute Myocardial Infarction Complicating Recanalization of 

Aortocoronary Bypass Grafts with Urokinase Therapy 

Louis S. McKeever, Joseph R. Hartmann, Vincent J. Bufalino, Joseph C. 

Marek, Alan S. Brown, Mark J. Goodwin, Michael A. Colandrea, Nicholas 

J. Stamato, John M. Cahill, Michael J. O’Donnell, Firouz Amirparviz, and ay 
Elaine L. Enger } 
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Adenosine in Altering Short- and Long-Term Treatment of 
Supraventricular Tachycardia in Infants 

Anthony F. Rossi and David A. Burton 
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Operative Correction of Subcarinal Left Pulmonary Artery 
Originating from the Right Pulmonary Artery 

Robert N. Vincent, George Armstrong, Maryanne L. Dokler, and 
Willis H. Williams 
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In CHE, there's a 
-hidden threat for arrhythmias... 


Magnesium deficiency. 





P... with congestive heart failure (CHF) 
taking diuretics and digoxin are at risk for 
magnesium, as well as potassium, deficiency,” 
and are thus at increased risk for digitalis-toxic 
arrhythmias.”” In fact, magnesium deficiency 
was found in one study in 42% of hypo- 
kalemic patients.* 

Yet, magnesium deficiency is often unrec- 
ognized because blood levels can be normal 
when body stores are deficient.’ When a 
dietary magnesium supplement is adminis- 
tered, however, both magnesium deficiency 
and refractory hypokalemia are h 
often corrected.5 


2 


A CHF profile for magnesium 

supplementation 

The ideal candidate for magnesium 

supplementation is the C 

patient who 

wis on long-term furosemide therapy 

a has had long-term digoxin therapy 

a may be on potassium chloride 
therapy 

s may have presented with 
arrhythmias 

a has normal renal function (based 

on age and creatinine clearance) 


References 
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Magnesium chloride supplementation 
in the CHF patient 


Because of its high solubility,° magne- 
sium chloride provides more magnesium as 
the free ion, the form needed for absorp- 
tion. These ions are readily available in the 
small intestine, the primary site of magne- 
sium absorption.’ 

Other common magnesium salts—such 
as the oxide or carbonate—are relatively 
insoluble® and may not provide a high con- 
centration of magnesium ions for absorp- 
tion. And magnesium chloride is available 
for absorption, even in older patients who 
have poor HCI production, or who are 
on H-antagonist therapy. 
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GO HAND IN HA 


t onset of sedation Less irritation and phleb 


ein astroscopy . Only 1.29% (2/155) incidence of phle 


ae, Si AE : week postprocedure with VERSED ve 
cardiac Catheterization/Angiography 763% (9/118) with diazepam.2 


B nchoscopy P o Dosing Consideration. 
Because serious and life-threatening cardiorespira 


L Pi on ) pt recovery with few adverse events have been reported with VERSED, ps i 


monitoring, detection and correction of these reactions 


; adve rse reactio ns- every patient regardless of age or health status. 


As a standard precoues, priori tolV. administrati 
® Short elimination half-life. 


Excellent amnesia should be ensured. : : 
ee BSP RE E For conscious sedation, VERSED should be fittated I 
never give as a bolus. Respiratory depression.an 
may result from excess doses or rapid. or single 6 


PER CEN TAGE OF PATIEN TS WITH is 3 to 4 times.as potent per mg as diazepam, Ref to th 
NO RECALL OF PROCEDURE' complete dosage and administration guidelines. 


NO RECALL lt is recommended that patients not drive or operai haza 
OF SCOPE ous machinery after receiving VERSED until the eff 
NO RECALL WITHDRAWAL drug (e.g., drowsiness) are gone or until the Gays al 
OF SCOPE thesia. Decision must be individualized. 
INTRODUCTION 
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- VERSED 


midazolamHol/Roche @ 


VERSED LV 
ae (midazolam HCl/Roche) 
| valuable when repeat E 


of diazepam 





ummary: The Evaluation of VERSED® (brand of midazolam 


oratories, a division of Hoffmann-La Roche Inc., Nutley. New 
Phaosawasdi K, Rice P:SGA Journal 1987: Spring: 176-178 





re prescribing, please consult complete product information, a summary 
ot which follows: 
intravenous VERSED has been associated with respiratory depression and respi- 
“-fatory arrest, especially when used for conscious sedation. In some cases, where 
this was not recognized promptly and treated effectively, death or hypoxic 
| encephalopathy has resulted. Intravenous VERSED should be used only in hos- 
| pital or ambulatory care settings, including physicians’ offices, that provide for 
Continuous monitoring of respiratory and cardiac function. immediate availability 
. of resuscitative drugs and equipment and personnel trained in their use should 
be assured. (See WARNINGS.) 
The initial intravenous dose for conscious sedation may be as little as 1 mg, but 
should not exceed 2.5 mg in a normal healthy adult. Lower doses are necessary 
. for-older (over 60 years) or debilitated patients and in patients receiving concomi- 
“tant narcotics or other CNS depressants. The initial dose and all subsequent 
doses should never be given as a bolus; administer over at least 2 minutes and 
x allow an additional 2 or more minutes to fully evaluate the sedative effect. The use 
{Of the 1 mg/mL formulation or dilution of the 1 mg/mL or 5 mg/mL formulation is 
: recommended to facilitate slower injection. Consult complete product infor- 
imation under DOSAGE AND ADMINISTRATION for complete dosing information. 













































CONTRAINDICATIONS: Patients with known hypersensitivity to the drug. Benzo- 
_diazepines are contraindicated in patients with acute narrow angle glaucoma; may 
© be. used in open angle glaucoma only if patients are receiving appropriate therapy. 
WARNINGS: Never use without individualization of dosage. Prior to IV use in 
<: any dose, ensure immediate availability of oxygen, resuscitative equipment 
-and skilled personnel for maintenance of a patent airway and support of venti- 
lation. Contin monitor for early signs of underventilation or apnea, which 
_ can lead to hypoxia/cardiac arrest unless effective countermeasures are taken 
immediately. Vital signs should continue to-be monitored during the recovery period. 
Because IV VERSED depresses respiration, and opioid agonists and other sedatives 
< an add to this depression, it should be administered as an induction agent only by a 
person trained in general anesthesia and should be used for conscious sedation only 
in the presence of personnel skilled in early detection of underventilation, maintaining 
@ patent airway and supporting ventilation. For conscious sedation, do not admin- 
ister IV by rapid or single bolus. Serious cardicrespiratory adverse events have 
“occurred. These have included respiratory depression, apnea, respiratory arrest 
and/or cardiac arrest, sometimes resulting in death. There have been rare reports of 
hypotensive episodes requiring treatment during or after diagnostic or surgicai 
manipulations in patients who have received VERSED. Hypotension occurred more 
frequently in the conscious sedation studies in patients premedicated with narcotic. 
Reactions such as agitation, involuntary movements. hyperactivity and combativeness 
fave been reported. These may be due to inadequate or excessive dosing or 
improper administration; however, the possibility of cerebral hypoxia or true paradoxi- 
+ cal reactions should be considered. Should these reactions occur, response to each 
“dose of VERSED and all other drugs should be evaluated before proceeding. 
Concomitant use of barbiturates, alcohol or other CNS depressants may increase the 
‘tisk of uinderventilation or apnea and may contribute to profound and/or prolonged 
“drug effect. Narcotic premedication also depresses the ventilatory response to carbon 
ioxide stimulation. 
Higher risk surgical, elderly or debilitated patients require lower dosages for induction 
‘of anesthesia, premedicated or not. Patients with chronic obstructive pulmonary 
i> disease are unusually sensitive to the respiratory depressant effect of VERSED. 
‘Patients with chronic renal failure and patients with congestive heart failure eliminate 
: Midazolam more slowly. Because elderly patients frequently have inefficient function of 
“one ormore organ systems, and because dosage requirements have been shown to 
decrease with age, reduce initial dosage and consider possibility of a profound and/or 
“prolonged effect. 
Do.not administer in shock, coma, acute alcohol intoxication with depression of vital 
“signs. Particular care should be exercised in the use of IV VERSED in patients with 
uncompensated acute illnesses, such as severe fluid or electrolyte disturbances. 
Guard against unintended intra-arterial injectiors, hazards in humans unknown. Avoid 
extravasation. 
“Gross tests of recovery from the effects of VERSED cannot alone predict reaction time 
under stress. This drug is never used alone during anesthesia, and the contribution of 
, other perioperative drugs and events can vary. The decision as to when patients may 
engage in activities requiring mental alertness must be individualized; it is recom- 
_ mended that no patient should operate hazardous machinery or a motor vehicle until 
_ the effects of the drug, such as drowsiness, have subsided or until the day after anes- 
thesia, whichever is longer. 
Usage in Pregnancy: An increased riak of congenital malformations associated 
‘with the use of benzodiazepines (diazepam and chlordiazepoxide) has been 
Suggested in several studies. If VERSED is used during pregnancy, apprise the 
>» patient of the hazard to the fetus. 
PRECAUTIONS: General: Decrease intravenous doses in elderly and debilitated 
patients. These patients will also probably take longer to recover completely after 
VERSED for induction of anesthesia. 
VERSED does not protect against increased intracranial pressure or against the heart 
rate rise and/or blood pressure rise associated with endotracheal intubation under 
light general anesthesia. 
information for patients: Cornmunicate the following information and instructions to 
the patient when appropriate: 1. Inform your physician about any alcohol consumption 
and medicine you are now taking, including nonprescription drugs. Alcohol has an 
increased effect when consumed with benzodiazepines; therefore, caution should be 
exercised regarding simultaneous ingestion of aicohol and benzodiazepines. 2. inform 
your physician if you are pregnant or are planning to become pregnant. 3. Inform 
your physician if you are nursing. 
Drug interactions: The sedative etfect of IV VERSED is accentuated by premedication, 
particularly narcotics (e.g., morphine, meperidine, fentany!) and also secobarbital 
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and Innovar (fentany! and droperidol}. Consequently, adjust the dosage according to 
the type and amount of premedication. 

A moderate reduction in.induction dosage requirements of thiopental (about 15%) 
has been noted following use of IM VERSED for premedication. 

IV administration of VERSED decreases the minimum alveolar concentration (MAC) of 
halothane required for general anesthesia. This decrease correlates with the dose of 
VERSED administered. 

Although the possibility of minor interactive effects has not been fully studied, VERSED 
and pancuronium have been used together in patients without noting clinically signifi- 
cant changes in dosage, onset or duration. VERSED does not protect against the 
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pancuronium, or against the increased intracranial pressure noted following adminis- 
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muscle relaxants) or topical local anesthetics (including lidocaine, dycionine HCI and 
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administered to mice and rats for two years. At the highest dose (80 mg/kg/day) 
female mice had a marked increase in incidence of hepatic tumors and male rats had m 
a small but significant increase in benign thyroid follicular cell tumors. These tumors 
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doses. 

Midazolam did not have mutagenic activity in tests that were conducted. 

A reproduction study in rats did not show any impairment of fertility at up to ten times 
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Pregnancy: Teratogenic effects: Pregnancy Category D. See WARNINGS section. 
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dence of teratogenicity in rabbits and rats. 

Labor and delivery: Use in obstetrics has not been evaluated. Because midazolam is 
transferred transplacentally and because other benzodiazepines given in the last 

weeks of pregnancy have resulted in neonatal CNS depression, VERSED is not rec- 
ommended for obstetrical use. 

Nursing mothers: it is not known whether midazolam is excreted in human milk. 
Because many drugs are excreted in human milk, caution should be exercised when 
injectable VERSED is administered to a nursing woman. 

Pediatric use: Safety and effectiveness in children below the age of 18 years have not 
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ADVERSE REACTIONS: See WARNINGS concerning serious cardlorespiratory 
events and possible paradoxical reactions. Fluctuations in vital signs following 
parenteral administration were the most frequently seen findings and included 
decreased tidal volume and/or respiratory rate decrease (23.3% of patients following 

iV and 10.8% of patients following IM administration) and apnea (15.4% of patients 
following IV administration), as well as variations in blood pressure and pulse rate. 
Following IM injection: headache (1.3%); local effects at IM site: pain (3.7%), induration M 
(0.5%). redness (0.5%), muscle stiffness (0.3%). Following IV administration: hic- : 
coughs (3.9%), nausea (2.8%), vomiting (2.6%), coughing (1.3%), “oversedation” 
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airway obstruction, tachypnea. Cardiovascular: Bigerniny, premature ventricular 
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laste, excessive salivation, retching. CNS/Neuromuscular: Retrograde amnesia, 
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dreaming during emergence, sleep disturbance, insomnia, nightmares, athetoid 
movements, ataxia, dizziness, dysphoria, slurred speech, dysphonia, paresthesia. 
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of eyelids, visual disturbance, difficulty focusing eyes, ears blocked, loss of balance, 
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or feeling of burning, warmth or coldness at injection site, rash, pruritus. Miscella- 
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Drug Abuse and Dependence: Available data concerning the drug abuse and 
dependence potential of midazolam suggest that its abuse potential is at least equiv- 
alent to that of diazepam. 

OVERDOSAGE: Manifestations would resemble those observed with other benzo- 
diazepines (e.g., sedation, somnolence, confusion, impaired coordination, diminished 
reflexes, coma, untoward effects on vital signs). No specific organ toxicity would be 
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DOSAGE AND ADMINISTRATION: VERSED is a potent sedative agent which 
requires slow administration and individuaiization of dosage. Clinical experi- 
ence has shown VERSED to be 3 to 4 times as potent per mg as diazepam. 
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CORONARY ARTERY DISEASE 


Coronary Risk Associated with Age and Sex 
of Parental Heart Disease in the Framingham 
Study 


Joellen M. Schildkraut, PhD, Richard H. Myers, PhD, L. Adrienne Cupples, PhD, 
Dan K. Kiely, MA, and William B. Kannel, MD 


Data from the Framingham Study, a population- 
based prospective study of 5,209 persons, were 
analyzed to determine whether a parental history 


of death hy coronary artery disease (CAD) before 


or after 65 years of age was an independent risk 
factor for CAD of early onset (age younger than 60 
`: years) or late onset (age 60 years or older) among 
the men and women in the cohort. Death due to 
CAD in parents was associated with a 30% in- 
crease in the risk of CAD. The effect was apparent- 
ly stronger for an early CAD outcome, with adjust- 
_ ed relative risks of 1.5 for early and 1.2 for late 

outcome CAD. The effect of parental CAD death on 
risk was not mediated by other shared risk factors 
. -for CAD. These findings were similar for those with 

either a mother or a father with CAD, if CAD onset 
in the offspring occurred before the age of 60 
years. For persons with CAD at age 60 years or 
older, maternal CAD death was a stronger predic- 
tor of CAD than paternal CAD death. The associa- 
tion with parental history of CAD was similar 
among men and women in the cohort, with adjusted 
relative risks of 1.3 and 1.2, respectively. How- 
ever, early age of parental CAD death may account 
for the association among women (RR = 1.6), 
‘whereas late age of CAD death for either parent 
was associated with the risk of CAD among men 

RR = 1.4). 

(Am J Cardiol 1989;64:555-559) 
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oronary artery disease (CAD) has been observed 
to cluster in families.'-!” In some studies this has 
been shown to be particularly true of men with — 
early onset CAD, defined as onset at less than 50 or 60 _ 
years of age.*-©!4.16-20 Several established risk fact 
for CAD such as systolic blood pressure, cholesterol, 
body weight and cigarette smoking have been rigorously 
studied,?! and some of these risk factors have also been © 
shown to cluster in families.!2!81922-25 Therefore, al- 
though family history of CAD is a widely accepted risk 
factor for CAD, there has been some question as to- 
whether it is independent of other established risk fac- 
tors that families tend to share.” The support for fam 
history as an independent risk factor remains controver- 
sial.27,8 ; 
The purpose of this analysis was to explore how the 
impact of a positive family history of CAD varies with 
early versus late age of CAD onset in the offspring, _ 
among men versus women and for mothers versus fa- 
thers dying of CAD. 
To account for potential bias due to competing 
causes of death and length of follow-up, we used Cox’s 
proportional hazards model.?? 


METHODS 
The Framingham Study cohort consists of 2,336 

men and 2,873 women. At time of entry into the study, 

participants were between 28 and 62 years of age. 


Members of the original cohort were medically evaluat- 


ed biennially from 1948 to the present. 


Parental history of coronary artery disease: The 2 


cause of death for parents and siblings was coded at the . 
first Framingham Study medical evaluation and updat- 
ed at each subsequent biennial examination. Thus, the 
cause of death for the parents was often coded before 
the expression of CAD in the Framingham Study par- 
ticipants. Cause of death was classified as coronary 
heart disease, stroke, other cardiovascular disease, can- 
cer, accident, suicide, infection, other or unkown. 


Persons with 1 or both parents reported to have died < > 


of CAD were coded as positive for parental history of 
CAD, whereas those with neither parent reported to 
have died of CAD were coded as negative. Death due to 


CAD of mothers and fathers also. was examined 











a TABLE I Parental History of Coronary Artery Disease Death 
“1 by Coronary Artery Disease in Offspring 


Onset of Coronary Heart Disease 
During the Follow-Up Period 
Parental CAD Yes No 
Death (n=988) Percentage (n=2,945) Percentage 


304 














Either parent 
or both parents 

Either parent 8l 8.2 192 65 
or both parents 
(<65 yrs) 


















Either parent 223 22.6 609 20.7 
or both parents 
(265 yrs) 
Father 182 18.4 500 17.0 
Mother 141 14.3 353 12.0 
Father (<65 yrs) 55 5.6 138 47 
Father (265 yrs) 127 12.9 362 12.3 
Mother (<65 yrs) 30 3.4 61 27 
Mother (265 yrs) 111 11.2 292 9.9 





: CAD = coronary artery disease. 


rately for some analyses. When age of death due to 
CAD in a parent was considered, the earlier age of 
-death of either parent was used to classify early versus 
late age of death. Because age at onset of CAD in par- 
ents was unknown, deaths for mothers and fathers were 
classified as either early or late age of death by taking 
into account the length of time between CAD onset and 
death in cohort members. On average, cohort members 
were found to survive 5 years after onset of CAD. 
Therefore, because early onset had been defined as on- 
set before 60 years of age in the cohort, early age of 
CAD death in the parent was defined as occurring be- 
fore 65 years of age. 

The accuracy of the report of parental cause of 
death was evaluated for the 191 cohort members with 
parents who also were examined cohort members. A 
comparison was made between the reported cause of 
death and the cause of death as determined by the Fra- 
mingham Study. Cause of death for each participant in 
the Framingham Study is determined by review of med- 
ical records and correspondence with the immediate 
family. The results? showed that 35% of the reports 
were in error, mainly due to underreporting of CAD. 

CAD in cohort members was defined as the first 
_ occurrence of angina pectoris, coronary insufficiency, 
- myocardial infarction or death due to CAD. CAD inci- 
:: “dence in cohort members was counted if it occurred af- 
> ter exam 2 and before exam 16 in the follow-up period, 
“excluding persons who entered the study with this diag- 
nosis. Therefore, the length of follow-up was 28 years. 
Other risk factors for CAD considered as potential con- 
founders included age, sex, systolic blood pressure, se- 
rum cholesterol, cigarettes smoked per day, left ventric- 
ular hypertrophy (normal, borderline and definite), glu- 
cose intolerance (present or absent), Metropolitan 
“relative weight (defined as a sex- and height-adjusted 
ratio.of the actual weight to the desirable weight deter- 
mined by the Metropolitan Life Insurance Co.), as. well 
as mothers’ 








































and fathers’ ages of death. Interactions — 


among several of these covariates also were analyzed for 
potential confounding. These included cholesterol and 
systolic blood pressure, cholesterol and cigarettes 
smoked per day, and cholesterol and age. All risk fac- 
tors included in the analysis were measured at exam 2 
(exam 2 data are used because cholesterol was not mea- 
sured at exam 1 for many cohort members). If data on 
risk factors at exam 2 were missing, data from exam 1 
were substituted in the analysis. 

Statistical procedures: For each participant without 
a CAD endpoint, a follow-up equal to the number of 
days between the date of exam 2 and whichever came 
first, date of examination 16 or the date of death, was 
calculated. For those who developed CAD between ex- 
ams 2 and 16, the length of follow-up was calculated 
from the date of exam 2 to the date of the CAD event. 
Relative risks and 95% confidence intervals (or signifi- 
cance at p = 0.05) for parental death from CAD, ad- 
justed for person years of follow-up and with the addi- 
tion of other covariates, were calculated using Cox’s 
proportional hazards model.?? These analyses were lim- 
ited to persons with both parents deceased and for 
whom all covariates were recorded. Therefore, 913 
members in the cohort who had at least 1 living parent 
were not included in the present analysis. 


RESULTS 

Among the 5,209 members of the Framingham 
Study cohort, 3,933 had both parents who were de- 
ceased and could also be evaluated for CAD risk factors 
and potential confounders. Of these 3,933 cohort mem- 
bers, 988 developed CAD during the study period (423 
women and 565 men). Of these 988 persons, 332 had 
onset before age 60 versus 656 who had onset at age 60 
or older. Table I lists the number of persons whose par- 
ents were reported to have died of CAD according to 
sex and age of death (less than 65 years and 65 or old- 
er). More cohort members reported parental CAD 
death at age 65 years or older than before age 65. 

The risk factors for CAD, considered as potential 
confounders in the multivariate analysis, are listed in 
Tables II and III. The results demonstrate no statistical 
differences for mean systolic blood pressure, mean num- 
ber of cigarettes smoked per day, mean Metropolitan 
relative weight, glucose intolerance and left ventricular 
hypertrophy between those with parental CAD death 
and those without parental CAD death. Although of 
only borderline statistical significance (p = 0.066), 
mean cholesterol appears to be higher among those with 
a parent reported to have died of CAD. Statistically sig- 
nificant differences were found for mean age at entry 
into the study, with those reporting a family history be- 
ing younger. Women were more likely than men to re- 
port that at least 1 parent had died of CAD, although 
fewer women developed CAD than men. 

Proportional hazards models: Analyses are present- 
ed that simultaneously control for risk factors of CAD. 


These results are compared with crude relative risks 
(without controlling for risk factors) to examine the evi- . 


dence of confounding and to evaluate the independen 








association of family history of parental CAD death 

th the risk of developing the disease. 

The relative risks for CAD among those with a pa- 
rental history of CAD compared with those without one 
were calculated. In all proportional hazards analyses, 
we examined 3 different models: (1) for those with at 
least 1 parent with CAD; (2) for those with a mother 
and/or father with CAD, included as 2 variables in the 
model; and (3) for those with either parent who died of 
CAD before age 65 versus 65 years or older, included as 
variables in the model. 

In Table IV, the crude relative risk, adjusted for 
length of follow-up using Cox’s proportional hazards 
model, for any parent having died due to CAD was 1.1 
(statistically not significant). Fathers dying of CAD did 
not confer an increased risk of CAD. For mothers a risk 
ratio of 1.2 was noted, which was borderline statistically 
significant. Thus, unadjusted for coexistent risk factors, 
a positive maternal history was only weakly related to 
CAD risk. 

After adjusting for potential confounders and inter- 
actions between covariates, the adjusted relative risk for 
having either parent who died of CAD was found to be 
increased to 1.3 and statistically significant (Table IV). 
The risk factor-adjusted relative risks were significant 
for both mothers and fathers. When age of parental 
CAD death was examined, having either parent who 
died of CAD death before age 65 years increased the 
risk of CAD in a cohort member to a risk ratio of 1.4.A 
slightly weaker, but still significant, cohort CAD rela- 
tion was found for those whose parents died of CAD 
after age 65 years. 

Analyses by age of onset of coronary artery disease 
in cohort members: A positive family history of CAD 
was more strongly related to early onset CAD in the 
cohort and for either parent having an age of death be- 
fore 65 years versus 65 years and older (Table V). A 
parental history of CAD also predicted late onset CAD 
in the cohort. 

The relation with early onset CAD resisted an ad- 
justment for coexistent risk factors. The adjusted rela- 
tive risk for the cohort with onset at 60 years of age and 
older was 1.2, which was higher in magnitude than the 
crude relative risk, which was <1.0. 

When separate factors for maternal and paternal 
“CAD death were included in the analysis, the adjusted 
“relative risks for mothers versus fathers were not appre- 
-ciably different from each other for those with early age 
-of onset. No notable patterns were observed for associa- 

tions with sex of parent among the late onset subgroup, 

or onset of CAD according to parent’s age of death in 
either age of onset subgroup. 

Analyses according to sex: Comparisons of the 
crude with the adjusted estimates (Table VI) indicate 
some confounding. Crude relative risks suggest an ele- 

‘vated and statistically significant association of family 
history in men but not women. When sex of parents was 
considered, the association of a positive family history 

mong men appeared to be primarily due to mothers 


who died of CAD. Controlling for potential confounders 


TABLE Il Means, Differences and 95% Confidence Intervals 
of Coronary Artery Disease Risk Factors Among Those with 
Positive Versus Negative Parental History of Coronary Artery 
Disease* 


Family History 
Yes No 


CAD Risk Factor (n= 1,074) (n= 2,859) 
Age 
Cholesterol 
Systolic blood 
pressure 
Cigarettes smoked 
per day 
Mean Metropolitan 120 
relative weight 


* All ages of onset considered. 
CAD = coronary artery disease; CI = confidence intervals. 


TABLE Ill Odds Ratios and 95% Confidence Intervals of 
Coronary Artery Disease Risk Factors Among Those with 
Positive Versus Negative Parental History of Coronary Artery 
Disease* 


Family History 


CAD Risk Factor Yes No Ae 


Sex 
Male 
Female 

Left ventricular hyper- 
trophy 
Normal 
Borderline 
Definite 

Glucose intolerance 
No : < Referent ` 
Yes 0.9, 1.7 


Referent : 
11,14 


Referent 
6.6, 1.6 
0.6, 1.8 


* Ail ages of onset considered. 
OR = odds ratios. Other abbreviations as in Table ti. 


TABLE IV Relative Risks of Parental Farnily History of 
Coronary Artery Disease Death 


No. of 


Model CAD Death Persons 95% Cl 95% Cl 


Either parent 
Father 
Mother 
Either parent 
(<65 yrs) 
Either parent 
(265 yrs) 
From proportional hazards model among those with and without CAD. 
aRR = the relative risk adjusted for age, sex, systolic blood pressure, cholesterol, 
glucose intolerance, cigarettes smoked per day, relative body weight, left ventricular 
hi ophy, mother’s age of death, father’s age of death and interactions between 
olesterol and age, cholesterol and systolic blood pressure, cholesterol and ciga- 


rettes smoked per day at exam 2; cRR = the unadjusted, or crude, relative risk for 
CAD. Other abbreviations as in Table fl. 





among those with either parent who died due to CAD 
revealed that men had only a slightly higher adjusted 
relative risk than women. For women, positive family 
histories of fathers and mothers who had died of CAD 
were similarly predictive, but CAD in mothers. was 
more predictive than CAD in fathers for men. Women 
with a parent with an early age of death due to CAD 
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‘| Coronary Artery Disease Onset 
Age of Onset Model* 









TABLE VI Relative Risks of Parental Family History of 
Coronary Artery Disease Death from Proportional Hazards 
Models Stratified by Sex 


Sex- 
Stratified 
Model* 















No. of 







CAD Death cRR* 95% CI aRR* 95% Ci 















Either parent 2,220 


10.17 




















2 Father 2,220 0.8,1.3 13 
Mother 11 08,14 13 10,17 
3 Either parent 2,220 13 10,19 16 1.2, 2.3 
(<65 yrs) 
Either parent 09 07,12 12 09,15 
(265 yrs) 
Men 
1 Either parent 1,713 1.3 11,15 13 1.1, 1.6 
2 Father 1,713 12 09,18 12 10,15 
Mother 1.4 11,18 14 11,18 
3 Either parent 1,713 12 09,17 13 08,20 
(<65 yrs) 
Either parent 1.3 11,16 14 1.1,1.7 
(265 yrs) 





* The models are defined in Table IV. 
Abbreviations as in Tables H and IV. 


had the highest relative risk. Among the male cohort, 
having either parent with an early or late age of CAD 
death was predictive. 


~- DISCUSSION 
¿os Parental history of CAD, defined as death due to 
CAD, was found to be an independent risk factor for 
CAD in the Framingham Study cohort. Although the 
association of CAD with parental CAD death is sup- 
ported for both early (age younger than 60 years) and 
late onset CAD (age 60 years or older), the association 
is stronger for early onset CAD. Parental history of 
CAD death is also associated with occurrence of CAD 
among both male and female Framingham Study mem- 
bers. 
Cox’s proportional hazards model revealed that ef- 
-> feets of other risk. factors influenced the.association of 
_ parental history of CAD with CAD. Aithough parental 


ne TABLE V Relative Risks of Parental Family History of Coronary Artery Disease Death from Proportional Hazards Model by Age of 











of CAD in Offspring CAD Death No. of Persons cRR* 95% CI aRR* 95% Cl 
Age younger than 60 
1 Either parent 3,933 1.6 1.2,1.9 15 1.2, 1.8 
2 Father 3,933 1.5 1.2, 2.0 14 11,19 
Mother 15 1.1, 2.0 14 11,19 
3 Either parent (<65 yrs) 3,933 2.0 1.5, 2.8 1.6 1.1,2.2 
Either parent (265 yrs) 1.4 1.1,1.8 15 11,19 
Age 60 or older 
1 Either parent 3,424 09 0.8, 1.1 1.2 11,15 
2 Father 3,424 0.8 0.7, 1.0 1.2 0.9, 1.4 
Mother 1.1 0.9, 1.4 13 11,17 
3 Either parent (<65 yrs) 3,424 0.9 0.7, 1.2 13 1.0, 1.8 
Either parent (265 yrs) 0.9 0.8, 1.1 1.2 1.0, 1.5 


* The models are defined in Table IV. 
; Abbreviations as in Tables ii and IV. 


factor-adjusted analysis (Table IV), it was not signifi- 
cantly associated with CAD in the unadjusted analysis. 
Although this suggests that the effect of a positive fami- 
ly history is not mediated by other risk factors, the pres- 
ence of other risk factors in the analysis is necessary to 
reveal the association of parental CAD with CAD. One 
interpretation is that parental history of CAD recog- 
nizes a subgroup of CAD events that would not be rec- 
ognized by traditional risk factors alone. These persons 
may be thin, nonsmoking nonhypertensives for whom 
CAD risk is primarily recognized by parental CAD 
death. 

Early CAD (age younger than 60 years) has previ- 
ously been reported to be associated with family histo- 
ry,®!4-16.20 and we also found late CAD associated with 
family history of parental CAD death (Table V). How- 
ever, although early CAD was associated with family 
history in both the nonrisk factor-adjusted analysis and 
when controlling for these potential confounders, an as- 
sociation with family history was only present for the 
risk factor-adjusted model in late CAD. These onset 
age-specific differences may suggest CAD heterogene- . 
ity, and the lower magnitude of the relative risks among 
those with late age of onset suggests that the heteroge- 
neity is greater in this group. Nonfamilial or sporadic 
forms of CAD have likely occurred in both cohort par- 
ticipants and their parents, which has been shown to 
lower relative risks of genetic traits.3!32 Both early and 
late onset CAD appear to have a familial component 
that may or may not be genetic. Furthermore, control- 
ling for potential confounders in the model suggests that 
this familial component acts independently of the other 
risk factors. 

The data in our study also suggest that women as 
well as men have a familial susceptibility to CAD (Ta- 
ble VI). Among women, early age of CAD death in a 
parent appears to account for this association. Colditz et 
al!’ observed a similar tendency for an association with 
parental history of myocardial infarction at 60 years of 
age or younger in a prospective study of CAD in wom- 
en. Among men, a difference i in the association accord- 
































explanation for these observed differences may be that 

: men, who have a higher incidence of CAD than women, 
may be susceptible to a greater variety of forms of CAD 
than women. 


Many previous studies that examined the association 


of family history of CAD with the risk of CAD had 
restricted their analysis to men, and some further re- 
stricted the sample to those with onset before age 
60.45:816.18.19 Others have examined the association of 
family history of CAD with the risk of CAD, seeking to 
test hypotheses similar to ours.®!4 Although the results 
from our study do not necessarily contradict those of 
previous reports, the size of our sample and the relative- 
ly long follow-up period may permit sufficient statistical 
power to detect associations for women and for late 
CAD that have not been noted previously. 

Because the data in the present study were based on 
reported family history of CAD, misclassification exists. 
Although there is evidence of misclassification of paren- 
tal family history of CAD, misreporting will dilute the 
predictive power of family history because ascertain- 
ment of family history occurred before the onset of the 
disease and differential misclassification is unlikely. In 
another investigation of the concordance between re- 
ports of cause of death due to heart disease in first de- 
gree relatives and the death certificate, there was 73% 
agreement with the majority of the differences due to 
underreporting,” thereby lowering the strength of the 
association. In the present study, power may have also 

- been lost because parental CAD was defined as death 
by CAD rather than the prevalence of CAD in parents. 
Thus, some parents with CAD who died of another 
cause are not accounted for in this analysis. 

We were able to adjust only for total cholesterol in 
this analysis because high density lipoprotein and low 
density lipoprotein values were not obtained until 20 
years into the study. These and other lipoprotein factors 
may explain the association between CAD family histo- 
ry and CAD that we detected. Despite these limitations, 
this study suggests that there is a familial CAD compo- 
nent in both early and late onset CAD for men and 
women that is independent of accepted risk factors. 
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Usefulness of Percutaneous Transluminal 
Coronary Angioplasty in Alleviating Silent 
Myocardial Ischemia in Patients with Absent or 
Minimal Painful Myocardial Ischemia 


Gregg W. Stone, MD, Susan Spaude, Robert W. Ligon, and Geoffrey O. Hartzler, MD 


To examine the role of percutaneous transluminal 


coronary angioplasty (PTCA) in patients with silent 
-< ischemia, 50 consecutive patients (mean age 54 
years, 88% men) with 1-vessel disease and absent 
or minimal symptoms who underwent PTCA were 
identified. Nineteen patients (38%) were asymp- 

- tomatic and 31 patients (62%) had minimal angina 
(at most 1 episode/month, and with marked exer- 
tion only). Exercise-induced ischemia was present 
in 45 of 49 patients (92%) tested. The remaining 5 
patients had a critical stenosis in a vessel supplying 
a large myocardial territory. 

A total of 75 lesions were dilated, 71 success- 
fully (95%). There were no procedural deaths or in- 
farctions. The single complication was an urgent 
bypass operation. After PTCA, only 3 of 46 pa- 
> tients exercised (7%) had inducible ischemia (p 
<0.0005 vs before PTCA). At a mean follow-up of 
36 months, 46 of 49 patients alive (94%) were 
asymptomatic (p <0.0005 vs before PTCA). The 3- 
year actuarial survival and infarct-free survival 
were 98 and 96%, respectively. However, 5 pa- 
tients (10%) crossed over to bypass surgery and 
14 patients (28%) underwent repeat PTCA. Pro- 
gression of native coronary disease was present in 
9 of these patients (47%). 

As in symptomatic patients, elective PTCA can 
be performed safely and with a high success rate in 
patients with silent ischemia, and can markedly re- 
duce the incidence of exercise-induced ischemia. 
With this approach, >90% of the patients were 
asymptomatic at the 3-year follow-up; however, 
34% required a further revascularization proce- 
dure for restenosis or progression of native disease 
or both. A prospective randomized trial is needed to 
firmly establish the role of PTCA in the treatment 
of silent ischemia. 

(Am J Cardiol 1989;64:560-564) 
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onary artery disease has been to reserve coronary 
artery revascularization for patients with symp- 
toms refractory to medical therapy or left main artery 
stenosis, and for selected patients with 3-vessel coronary 
disease.! Although patients with 1-vessel disease gener- 
ally have a favorable prognosis and prolonged survival,” 
a significant number of these patients will eventually 
develop progressive angina, myocardial infarction or 
sudden death, or require bypass surgery.>-® 
In addition, recent reports have emphasized that 
ischemia may portend an equally poor outcome regard- 
less of the presence or absence of angina.’-? Myocardial 
infarction or sudden death may be the first manifesta- 
tion of silent ischemia in the asymptomatic patient. Al- 
though prior studies have reported the results of medi- 
cal!°-!3 and surgical? therapy in patients with absent or 
mild symptoms, the proper choice of therapy is un- 
known at present. Little information exists regarding 
the role of percutaneous transluminal coronary angio- 
plasty (PTCA) in the treatment of patients with coro- 
nary artery disease and silent ischemia. Thus, to exam- 
ine whether PTCA can alleviate silent ischemia and 
possibly improve the natural history of these patients, 
we identified 50 consecutive patients at our institution 
with 1-vessel disease and absent or minimal symptoms 
who underwent PTCA. 


T he traditional approach to the management of cor- 


METHODS 

Patient selection: Between February 4, 1983, and 
July 12, 1987, 50 (0.9%) of 5,612 consecutive patients 
who underwent dilation procedures by 5 invasive cardi- 
ologists at the Mid-America Heart Institute had 1-ves- 
sel coronary disease and absent or minimal symptoms. 
The definition of minimal symptoms was angina present 
only with heavy exertion (e.g., jogging, tennis, shoveling 
snow) and occurring infrequently (at most 1 time/ 
month). In general, most of these patients had a critical 
stenosis in a vessel supplying a large myocardial territo- 
ry, or several lesions within 1 vessel. PTCA was dictated 
by patient and referring physician preference. Patients 
were excluded for acute or prior myocardial infarction, 
and for prior revascularization procedures. 


Functional evaluation and follow-up: Symptom-lim-. 


ited exercise treadmill testing was performed according 


to the standard Bruce protocol using 12-lead electrocar-_ 







A 







diographic monitoring.'4 The exercise electrocardio- = 


_ gram was considered abnormal if horizontal or down- 





loping ST-segment depression of 21 mm measured 80 
ms after the J point relative to the rest recording devel- 
oped either during exercise or recovery. 

As dictated by the referring physician, exercise pla- 
nar thallium-201 scintigraphy also was performed in se- 
lected patients using standard techniques.!° The meth- 
ods and protocol varied slightly according to test site. 
Peak stress and redistribution images were evaluated for 
the presence and reversibility of perfusion defects in the 
anterior, inferior and posterior distributions. A scan was 
considered positive if a definite reversible or partially 
reversible defect was present. No nonreversible defects 
were present in any patient tested. 

Long-term follow-up information was available by 
telephone interview or clinic visit for the entire group of 
50 patients (100%). Functional status and the presence 
or absence of cardiac events were determined. 

Percutaneous transluminal coronary angioplasty 
protocol: All patients were pretreated with aspirin and 
dipyridamole. Unless specific contraindications existed, 
patients received dextran (200 to 500 ml), verapamil 
(5.0.mg), heparin (10,000 U intravenously) and sublin- 
gual isosorbide dinitrate in the catheterization laborato- 
ry. After angiography using multiple angulated views, 
PTCA was performed with a steerable catheter system 
using standard techniques as previously described.!® A 
stenosis was considered successfully dilated when the re- 
sidual narrowing was <40% in 2 orthogonal views refer- 
enced to the nearest normal proximal segment. All pa- 
tients received maintenance dosages of aspirin, dipyrid- 
amole and a calcium antagonist after PTCA. 

Statistical analysis: Fisher’s exact test was used to 
compare categorical variables. With respect to the out- 
come of exercise tests, the Fisher’s statistic was used to 
compare positive versus negative results. Survival curves 
were generated using the Kaplan-Meier method and 
compared with the Lee-Desu statistic. A p value of 0.05 
was considered significant. 


RESULTS 
Patient population: There were 44 men (88%) and 6 
women (12%) in the study. The mean age was 54 years. 
Thirty-two patients (64%) had a history of smoking, 
: and 20 patients (40%) had hypertension. Cholesterol 
~ levels available in 48 patients were >220 mg/dl in 23 
patients (48%). The family history was positive for ear- 
ly-onset coronary artery disease in 36 (75%) of the 48 
patients from whom it was available. No patient had 
diabetes mellitus. 
Nineteen patients (38%) were totally asymptomatic; 
18 of these patients underwent “screening” exercise 
treadmill tests (Table I). Electrocardiographic or thalli- 
um evidence of ischemia was present in 15 patients (Ta- 
ble II). The 3 patients with negative exercise test results 
were referred for angiography because of a very strong 
family history of early-onset coronary artery disease. 
The nineteenth patient underwent angiography before 
nal revascularization. 
Thirty-one patients (62%) with minimal symptoms 
nderwent exercise treadmill testing before PTCA (Ta- 
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TABLE I Clinical Characteristics and Follow-Up Data 
Before PTCA After PTCA 


Follow-Up Data 


Age (yrs), 
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CABG = coronary artery bypass grating; Class = angina class (! = asymptomatic, H 
= minimal symptoms); ETT = exercise treadmill test; T! = thallium test (+ = positive, 
+ = equivocal, 0 = negative, — = not done); MI = myocardial infarction. 


ischemia was present in 30 patients (Table I). Thus, 45 
of the 49 patients (92%) who underwent exercise testing 
had objective evidence of ischemia. The remaining 5 pa- 
tients had critical stenoses in vessels supplying an exten- 
sive myocardial territory. 












TABLE Il Exercise Data and Functional Status Before and 








<- Exercise testing results 




















All pts (n = 50) 
n 49 46 
+ (%) 45 (92) 3(7)* 
+ (%) 0 (0) 5 (11) 
0(%) 4(8) 38 (82)* 
Asymptomatic (n = 19) 
n 18 17 
+ (%) 15 (83) 1 (6)* 
+(%) 0 (0) 2(12) 
0(%) 3(17) 14 (82)* 
Minimal symptoms (n = 31) 
n 31 29 
+ (%) 30 (97) 2(7)* 
+ (%) 0 (0) 3 (10) 
0(%) 1(3) 24 (83)* 
Functional status 
Asymptomatic (%) 19 (38) 46 (94)* 
Minimal symptoms (%) 31 (62) 3 (6)* 










+ = electrocardiographic or thallium evidence of ischemia; + = equivocal evidence 
of ischemia; 0 = no ischemia present. 
* p <0.0005, 















had 3 lesions dilated and 2 patients (4%) had 4 lesions 
dilated. Twenty-one patients (42%) had dilation of the 
proximal left anterior descending artery and an addi- 
tional 10 patients (20%) had dilation of the proximal 
right coronary artery or left circumflex artery. There 
<- were no procedural deaths or myocardial infarctions. 
- The single complication was an urgent bypass operation 
(2%). 

After PTCA, only 3 of 46 patients exercised (7%) 
had objective evidence of inducible ischemia (p <0.0005 
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vs before PTCA); exercise-induced ischemia was mark- 
edly reduced both in the asymptomatic and minimally 
symptomatic patients (Table II). 

Follow-up data: At a mean follow-up of 36 months 
(range 6 to 60), 1 patient (2%) had died and 3 patients 
(6%) had sustained a nonfatal myocardial infarction 
(Table I). The actuarial 3-year survival and infarct-free 
survival were 98 and 96%, respectively (Figure 1). Sev- 
enteen patients (34%) required 21 revascularization 
procedures. Five patients (10%) underwent late bypass 
surgery, and 14 patients (28%) required repeat PTCA. 
Considering death, myocardial infarction and bypass 
surgery as events, the actuarial 3-year event-free surviv- 
al was 78% (Figure 1). Restenosis was documented in 
15 patients (30%) by angiography. Progression of native 
disease contributed to or was responsible for 9 of the 19 
(47%) repeat revascularization procedures. 

There was no difference in survival or event-free sur- 
vival between patients with absent or minimal symp- 
toms before PTCA (Figure 2). At late follow-up, 27 of 
the 30 patients (90%) alive with minimal symptoms be- 
fore PTCA were asymptomatic (p <0.0005 vs before 
PTCA), 3 patients (10%) had minimal symptoms and 
none had progressive angina. All 19 patients asymptom- 
atic before PTCA were angina free at late follow-up, 
although 1 patient had sustained a myocardial infarc- 
tion and 2 patients had undergone bypass surgery. 


DISCUSSION 

Rationale for angioplasty in patients with absent 
and minimal symptoms: Although the annual mortality 
rate in patients. with coronary artery disease and absent 
or minimal symptoms may be low, the cardiac event 
rate may be unacceptably high. Erikssen and Thaulow!” 
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FIGURE 1. Long-term survival and 
cardiac events after PTCA in 50 
patients with absent or minimal 
symptoms. 
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scribed 69 men who were asymptomatic or minimally 


ymptomatic, 26% of whom had angiographically docu- 
mented 1-vessel disease. The 50 asymptomatic men 
were followed for 8 years; 96% of those undergoing re- 
peat angiography showed progression of disease, 32% 
developed angina, 14% sustained a myocardial infarc- 
tion, 22% required bypass surgery and 6% died of cardi- 
ac causes. 

The progression of coronary disease is variable and 
unpredictable,'? and even selected patients with 1-vessel 
disease may have a high rate of death, infarction and 
need for surgery. In a natural history study by Samaha 
et al,* the 5-year survival in 50 patients with 1-vessel 
disease limited to the proximal left anterior descending 
artery was 87%, compared with 93% in 67 patients with 
disease after the first septal perforator. The CASS reg- 
istry revealed a 5% annual incidence of anterior infarc- 
tion in patients with left anterior descending artery ste- 
noses of 90 to 98%.® Hlatky et al? studied 110 medically 
treated patients with 1-vessel disease and coronary anat- 
omy suitable for PTCA. After 5 years, although the 
survival rate was 97%, 15% had sustained a myocardial 
infarction and 51% required bypass grafting. 

The presence of ischemia, “silent” or nearly so, may 
identify those high risk asymptomatic or minimally 
symptomatic patients with underlying coronary artery 
disease. The Multiple Risk Factor Intervention Trial!? 
demonstrated a nearly 4-fold increase in mortality for 
asymptomatic men with an abnormal exercise test re- 
sult (5.2 vs 1.4% cardiac mortality over 6 years of fol- 
low-up). Other studies have shown that the cardiac 
event rate may be 9 to 14 times greater in asymptomat- 
ic patients with positive treadmill exercise test re- 
sults.2%2! Recent reports indicate that the presence, se- 
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FIGURE 2. Comparison of survival 
and event-free survival after PTCA 
in 19 asymptomatic patients (ASX 
PTS) and 31 minimally symptomat- 
ic patients (MSX PTS). 
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verity and frequency of angina are not helpful in pre- _ 
dicting coronary anatomy or event rate,8°?23 and that _ 
the existence of silent myocardial ischemia offers prog- 
nostic information independent of angiographic vari- 
ables.2+25 However, the choice of most effective therapy 
for these patients is not yet known. : 
PTCA may very effectively abolish episodes of silent | 
ischemia. Josephson et al% described 10 patients (6 with 
1-vessel disease) who had a total of 39 episodes of silent 
ischemia during 24-hour ambulatory monitoring. Sev. 
enty-two hours after successful PTCA, no ischemic epi 
sodes were documented on repeat monitoring. Thi 
100% reduction in the frequency of ischemic episod 
during Holter monitoring after PTCA compares fav 
ably with the 50 to 95% decrease noted after 
trates,!':27 B blockers!23 and calcium antagonists.'® 
Results of the present study: The safety and effi 
cy of 1-vessel PTCA, as well as the rate of restenosis, - 
appear to be similar whether or not symptoms are pre- 
sent. PTCA markedly reduced the incidence of exercise- 
induced silent ischemia, which was consistent with th 
abolition of Holter-detected silent ischemic episodes 
the study by Josephson et al.” No differences in short- 
or long-term outcome were noted in patients with ab- 
sent versus minimal symptoms. SESS 
Our results confirm and extend the findings in the 
recent report by Bergin et al, in which 54 patients | 
with exercise-induced silent ischemia (33 of whom had 
1-vessel disease) underwent PTCA. They similarly de 
scribed a high primary success rate (87%), few acut 
complications (3.7%) and no early mortality. Althoug! 
the short-term exercise data after PTCA were not re- 
ported, 25% of patients had positive exercise test results _ 
during a 35-month follow-up. Restenosis was document- 
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ed in 19% of patients, whereas 6% had progression of 
“native disease. 

_ In the subset of patients with minimal symptoms, 
PTCA was very effective in relieving angina; 90% of 
‘patients with minimal symptoms before PTCA were 
- asymptomatic at the 3-year follow-up. No patient had a 
worsening of angina. All 19 patients asymptomatic be- 
fore PTCA were angina free at late follow-up. How- 
ever, repeat PTCA was required in 14 (28%) of patients 
and 6 (12%) “crossed-over” to bypass surgery (1 ur- 
-gently and 5 electively). This was similar to the 25% of 
patients requiring repeat PTCA and the 13% of patients 
ultimately undergoing bypass surgery in the series by 
Bergin et al. Thus, a strategy requiring an additional 
revascularization procedure may often be necessary to 
ensure symptom-free survival. 

In summary, PTCA appears to be a promising ap- 
proach for patients with absent or minimal symptoms 
and active ischemia. As in symptomatic patients, PTCA 
can be performed safely and with a high success rate in 
patients with silent ischemia, markedly reduces the inci- 
dence of exercise-induced ischemia and has a favorable 
effect upon long-term prognosis. A prospective, ran- 
domized trial comparing PTCA with medical therapy is 
clearly needed to firmly establish the role of PTCA in 
the therapy of patients with silent ischemia. 
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Army physicians have opportunities to practice in a variety 
of clinical settings. Comprehensive primary and secondary care are 
provided by Army Community Hospitals, such as Florence A. 
Blanchfield at Fort Campbell, Kentucky, and 32 others located at 
Army installations in the U.S., eight in Europe and one in Korea. 
All Army medical facilities are staffed by well trained health care 
professionals. 

Part of the Community Hospital mission is training. Com- 
munity Hospital staff physicians receive ample opportunities to teach 
and train medical personnel. Some of the hospitals offer highly 

competitive Family Practice and Emergency Medicine Residency Programs. Approximately 21 Com- 

munity Hospitals in the United States and West Germany are involved in instructing, annually, 

450 American medical students enrolled in the Army 

Health Professions Scholarship Program. 

All of the primary medical and surgical specialties, such 3 

as internal medicine, general surgery, pediatrics, psychiatry 

and pathology, are represented at these hospitals. Sub- 

specialties are also staffed by American-trained, board- 

eligible or certified physicians. 

Multiple professionally rewarding opportunities to 

practice high-quality medicine are available in all Army Com- iii 

munity Hospitals. Medicine is practiced without concern for ; 

patient ability to pay. Excellent clinical support staffs assist physicians treating patients with a wide variety 
of diseases and disorders. Most significant, these hospitals 
provide excellent medical care for some of America’s most 
important citizens, American soldiers and their families. 

If you would like the opportunity to visit an Army 
hospital near you and observe Army medicine first-hand, 
write to Army Medical Opportunities, P.O. Box 7711, 
i Clifton, New Jersey 07015. 


ARMY MEDICINE. 
BE ALLYOU CAN BE. 
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PROCARDIA indications: Patients with proven or suspected 
vasospastic angina, and patients with classic effort angina who 
remain symptomatic despite adequate doses of beta blockers and/or 
nitrates or who cannot tolerate these agents 





PROCARDIA 


(NIFEDIPINE) 
PREVENTS THE PAIN... 
PROTECTS THE ANGINA PATIENT 
AT EVERY STAGE 


Suppty/ Demand @ PROCARDIA increases myocardial oxygen 
supply and reduces demand 


LV Function @ PROCARDIA helps to maintain or enhance 
parameters of left ventricular function! 


ECG Chances @ PROCARDIA decreases the incidence of 
ischemic ECG changes? 


a @ PROCARDIA reduces episodes of both 
painful and painless ischemia ** 


PROCARDIA 


(NIFEDIPINE) ""°""""””" 


PREVENTS THE PAIN... 
PROTECTS THE ANGINA PATIENT 


Please see PROCARDIA® (nifedipine) brief summary on following page 
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©. PROGARDIA® (nifedipine) Capsules For Oral Use 
INDICATIONS AND USAGE: |. Vasospastic Angina: PROCARDIA (nifedipine) is indicated tor the management of va~ 
Sospastic angina confirmed by any of the following criteria: 1) classical pattern of angina at rest accompanied by ST seg- 
ment elevation, 2) angina of coronary artery spasm provoked by ergenavine, of 3) angiographically demonstrated 
coronary artery spasm. in those patients who have had angiography, the presence of signilicant fixed obstructive disease 
is not incompatible with the diagnosis of vasospastic angina, provided that the above criteria are satisfied. PROCARDIA 
may also be used where the clinica! presentation suggests a possible vasospastic component but where vasospasm has 
hot been confirmed, oo. where pain has a variable threshold an exertion or in unstable angina where electracardiographic 
pangs are čompatibie with intermittent vasospasm., or when angina is refractory to nitrates and/or adequate doses of 

ata blockers. 

23e AL Chronic Stable Angina (Classical Effort-Associated Angina): PROCARDIA is indicated for the management of 
Chronic stable angina (effort-associated angina) without evidence o! vasospasm in patients who remain symptomatic de- 
Spite adequate doses ot beta blockers and/or organic nitrates or who cannot tolerate those agents. 

In.chronic stable angina (effor!-associated angina) PROCARDIA has been effective in controlled trials of up to eight 
weeks duration in reducing angina frequency and increasing exercise tolerance, bul confirmation of sustained elfective- 
ness and evaluation of long-term satety in these patients are incomplete 
Controlled studies in small numbers of patients suggest concomitant use o! PROCARDIA and beta-biocking agents may 
be benelicial in patients with chronic stable angina, but available information is not sufficient to predict with confidence 
the eHects of concurrent treatment, especially in patients with compromised left ventricular function or cardiac conduction 
abnormalitias. When introducing such concomitant therapy, care must be laken to monitor blood pressure closely since 
severe hypotension can occur from the combined effects of the drugs. (See WARNINGS.) 

CONTRAINDICATIONS: Known hypersensitivity reaction to PROCARDIA 
‘WARNINGS: Excessive Hypotension: Although in most patients, the hypotensive effect of PROCARDIA is modest and 
well tolerated, occasional patients have had excessive and poorly tolerated hypotension. These responses have usually 
curred during initial titration or at the time of subsequent upward dosage adjustment, and may be more likely in patients 
On concomitant beta blockers 
> Severe hypotension and/or increased fluid volume requirements have been reported in patients receiving PROCARDIA 
together with a beta blocking agen! who underwent coronary artery bypass surgery using high dose fentanyl anesthesia. 
< The interaction with high dose tentany! appears to be due to the combination of PROCARDIA and a beta blocker, but the 
possibility that it may occur with PROCARDIA alone, with low doses of fentanyl, in other surgical procedures, or with other 
narcotic analgesics cannot be ruled out. in PROCARDIA treated patients where surgery using high dose fentany! anesthe- 
is contemplated, the physician should be aware of these potential probiems and, if the patient's condition permits, sul- 
ient time (at teast 36 hours) should be allowed for PROCARDIA to be washed out of the body prior to surgery 
Increased Angina and/or Myocardial Infarction: Rarely, patients, particularly those who have severe obstructive cor- 
onary artery disease, have developed wel! documented increased frequency, duration and/or severity of angina ot acute 
noaa infarction on starting PROCARDIA or at the time of dosage increase. The mechanism of this effect is not 
éstablished, 
Bela Blocker Withdrawal: Patients recently withdrawn trom beta blockers may develop a withdrawal syndrome with in- 
; Greased angina, probably related to increased sensitivity to catecholamines. initiation of PROCARDIA treatment will not 
“Prevent this occurrence and might be expected to exacerbate it by provoking refiex catecholamine release. There have been 
occasional reports of increased angina in a setting of beta blocker withdrawal and PROCARDIA initiation. itis important to 
taper beta blockers if possible, rather than stopping them abruptly betore beginning PROCARDIA 
Congestive Heart Failure: Rarely, patients, usually receiving a beta blocker, have developed heart failure alter beginning 

IOCARDIA. Patients with tight aortic stenosis may be at greater risk for such an event. 

ECAUTIONS: General: Hypotension: Because PROCARDIA decreases peripheral vascular resistance, caretul moni- 
toring of blood pressure during the initial administration and titration of PROCARDIA is suggested. Close observation 
es ecrally Tecommended for patients already taking medications that are known to lower blood pressure. (See 

INGS.) 

Peripheral edema: Mild to moderate peripheral edema, typically associated with arterial vasodilation and not due to 
left ventricular dystunction, occurs in about one in ten patients treated with PROCARDIA. This edema occurs primarily in 
the lower extremities and usually responds to diuretic therapy. With patients whose angina is complicated by congestive 

f; pear failure, care should be taken to differentiate this peripherat edema from the effects o! increasing ieft ventricular 
“dysfunction. 

<ii Laboratory tests: Rare, usually transient, but occasionally significant elevations of enzymes such as alkaline phos- 

phatase, CPK, LOH, SGOT and SGPT have been noted. The relationship to PROCARDIA therapy is uncertain in most cases, 


Briet Ane 


In the evolution of an angina attack, 
PROCARDIA 
(NIFEDIPINE) °°" """"""” 


PREVENTS THE PAIN... 
PROTECTS THE ANGINA PATIENT 


..With an Excellent Side-Effects Profile 


PROCARDIA side effects are usually mild and include dizziness, 
peripheral edema, nausea, weakness, headache and flushing 
(each in about 10% of patients); transient hypotension (about 5%): 
exacerbation of angina occurs rarely. 


bu! probable in some. These laboratory abnormalities have rarely been associated with clinica! symptoms, however, cho- 
lestasis with or without jaundice has been reported. Rare instances of allergic hepatitis have been reported. 

Limited clinical studies have demonstrated a moderate but statistically significant decrease in platelet aggregation and 
increase in bleeding time in some PROCARDIA (nifedipine) patients. No clinical significance for these findings has been 
demonstrated. Positive direct Coombs test with/without hemolytic anemia has been reported. 

Although PROCARDIA has been used safely in patients with renal dyslunction and has been reported to exert a benefi- 
cial effect ir certain cases, rare, reversible elevations in BUN and serum creatinine have been reported in patients with pre- 
existing chronic renal insufficiency. The relationship to PROCARDIA therapy is uncertain in most cases but probable in 
some, 

Drug interactions: Beta-adrenergic blocking agents: (See INDICATIONS and WARNINGS.) Experience in over 1400 pa- 
tients in a ron-comparative clinical trial has shown that concomitant administration of PROCARDIA and beta-blocking 
agents is usually well tolerated. but there have been occasional literature:reports suggesting that the combination mayin- 
crease the likelihood of congestive heart failure, severe hypotension or exacerbation of angina. 

Long-acting nitrates: PROCARDIA may be safely co-administered with nitrates, but there have been no controlled stud- 
ies to evaiuate the antianginal effectiveness of this combination. 

Digitalis: Administration of PROCARDIA with digoxin increased digoxin levels in nine of twelve normal volunteers. The 
average increase was 45%, Another investigator found no increase in digoxin levels in thirteen patients with coronary ar- 
tery disease. in an uncontrotied study of over two hundred patients with congestive heart failure during which digoxin 
blood levels were not measured, digitalis toxicity was not observed. Since there have been isolated reports of patients with 
elevated digoxin levels, it is recommended that digoxin levels be monitored when initiating, adjusting, and discontinuing 
PROCARDIA to avoid possible over- or undet-digitalization 

Coumaria anticoagulants: There have been rare reports of increased prothrombin time in patients taking coumarin an- 
ticoagulants to whom PROCARDIA was administered. 

Cimetidine: A study in six healthy volunteers has shown a significant increase in peak nitedipine plasma levels (80%) 
and area-umder-the-curve (74%) after a one week course of cimetidine at 1000 mg per day and nifedipine at 40 mg per day. 
Ranitidine produced smaller, non-significant increases. If nifedipine therapy is initiated in a patient currently receiving 
cimetidine, cautious titration is advised 

Carcinogenesis, mutagenesis, impairment of fertility: Nifedipine was administered orally to rats tor two years 
and was not shown to be carcinogenic. When given to rats prior to mating, nifedipine caused reduced fertility ata dose ap- 
proximately 30 limes the maximum recommended human dose. Jn vivo mutagenicity studies were negative. 

Pragnancy: Pregnancy Category C. Nifedipine has been shown to be teratogenic in rats and embryotoxic in rats, mice 

and rabbits. There are no adequate and well controlied studies in pregnant women. PROCARDIA should be used during 
pegao only if the potential benefit justifies the potential risk to the fetus. 
ADVERSE REACTIONS: The most common adverse events include dizziness or lightheadedness, peripheral edema, nau- 
sea, weakness. headache and flushing, each occurring in about 10% of patients, transient hypotension in about 5%, pal- 
pilation in about 2% and syncope in about 0.5%. Syncopal episodes did not recur with reduction in the dase of 
PROCARDIA or concomitant antianginal medication. Additionally, the following have been reported: muscle cramps, nerv- 
ousness, dyspnea, nasal and chest congestion, shortness of breath, diarrhea, constipation, gastrointestinal cramps, fat- 
ulence, inflammation, joint stiffness, shakiness, jitleriness, steep disturbances, blurred vision, difficulties in balance, 
dermatitis, pruritus, urticaria, fever, sweating, chiiis, sexual difficulties, thrombocytopenia, anemia, leukopenia, purpura, 
allergic hepatitis, gingival hyperplasia, depression, paranoid syndrome, transient blindness at the peak of plasma level, 
erythromeiaigia, and arthritis with ANA { + ). Very rarely, introduction of PROCARDIA therapy was associated with an in- 
crease in anginal pain, possibly due to associated hypotension. 

in addition, more serious adverse events were observed, not readily distinguishable from the natural history of the dis- 
ease in these patients. It remains possible, however, thal some or many of these events were drug related. Myocardial in- 
farction occurred in about 4% of patients and congestive heart failure or pulmonary edema in about 2%. Ventricular 
arrhythmias or conduction disturbances each occurred in tewer than 0.5% of patients. 

SUPPLIED: PROCARDIA soft gelatin capsules are supplied in: 
Botties of 169: 10 m NDC 0069-2600-66) orange #260; 20 mg (NDC 0069-2610-66) orange and light brawn #261, Bot- 
tles of 300: 30 m: { C 0069-2600-72) orange #260; 20 mg (NOC 0069-2610-72) orange and light brown #261, Unit 
dose packages of 100: 10 mg (NDC 0069-2600-41) orange #260; 20 mg (NDC 0069-2670-41) orange and light brown 
# 

The capsules should be protected from light and moisture and stored at controlled room temperature 59° to 77°F (15° to 
25°C} in the manufacturer's original container. 


More detailed professional intormation available on request. © 1982, Pfizer ing. 
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To examine the effects of sublingual isosorbide 
dinitrate (ISDN) in patients receiving sustained 
ISDN therapy, 24 patients with coronary artery 
disease were divided into 2 groups. Group C com- 
prised 12 patients without sustained ISDN therapy 
and group N included 12 patients with sustained 
ISDN therapy. Before and during administration of 
sublingual ISDN in both groups, aortic systolic 
pressure, left ventricular end-diastolic pressure and 
coronary artery diameter were examined at cardiac 
catheterization. During sublingual ISDN, the aortic 
systolic pressure decreased by 20 + 6% (138 + 26 
to 112 + 27 mm Hg, p <0.01) in group C and 10 + 
6% (127 + 26 to 113 + 23 mm Hg, p <0.01) in 
group N (p <0.01, group C vs group N). The left 
ventricular end-diastolic pressure decreased by 65 
+ 16% (11 + 5 to 4 + 3 mm Hg, p <0.01) in group 
Cand 43 + 14% (12 + 5 to 7 + 3mm Hg, p 
<0.01) in group N (p <0.01, group C vs group N). 
During sublingual ISDN, the diameters of the proxi- 
mal and distal segments of the left anterior de- 
scending and circumflex coronary arteries in- 
creased more significantly in group C than in group 
N (p <0.01, group C vs group N). Thus, sublingual 
ISDN produced less reduction of aortic systolic 
pressure and left ventricular end-diastolic pressure, 
and less dilation of coronary artery diameter in pa- 
tients receiving sustained therapy with ISDN than 
in those without sustained therapy. These results 
might be related to the differences in short-term ef- 
fects of sublingual ISDN for the relief of ischemia in 
patients with and without sustained ISDN therapy. 
(Am J Cardiol 1989;64:565-568) 
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used by physicians to treat patients with angina 

pectoris. The primary determinants of nitrate 
efficacy in preventing or relieving myocardial ischemia 
are the peripheral arterial and venous vasodilatory a 
tions, resulting in a decrease in myocardial energy. 
quirements related to a lower cardiac preload and afte 
load.!-3 There is considerable evidence that nitrates also 
have important central or direct coronary actions in cor- 
onary artery disease. Nitrates produce an increase in 
coronary blood flow that is directly related to epicardial 
coronary artery dilation.*-° The sustained-release, orally 
administered preparation of this organic nitrate is being 
widely used for prophylactic treatment of angina pecto- _ 
ris. Tolerance develops with the long-term use of ni- 
trates. Concern has been raised not only for the develop-: 
ment of tolerance to the therapeutic effect of long-act- 
ing drugs such as oral isosorbide dinitrate ISDN), but 
also for crossover tolerance impairing the efficacy of 
sublingual nitroglycerin.’?!? This study compares the 
short-term effects of sublingual ISDN for angina in pa- 
tients with and without sustained therapy for angina. 
During cardiac catheterization, the plasma concentra- 
tions of ISDN, aortic pressures, left ventricular pres- 
sures and coronary artery diameters were assessed be- 
fore and during sublingual ISDN in patients with and 
without sustained ISDN therapy. 


O= nitrates are the most common medications 


METHODS oe 

Patient selection: Twenty-four patients with coros — 
nary artery disease were randomly divided into 2. _ 
groups. Twelve patients (group N) received long-acting — 
ISDN, 20 mg 4 times daily, for >3 weeks. Another 12 
patients (group C) did not have ISDN for at least 1 
week. All other cardiac medications were stopped in all 
24 patients 24 hours before cardiac catheterization. In 
group N, patients received the last administration of 
ISDN 2 hours before cardiac catheterization. Each pa- 
tient signed a written informed consent, after full expla- 
nation of the procedure, before the study. 

Cardiac catheterization: Aortic and left ventricular 
pressures and plasma ISDN concentrations were ob- 
tained before administration of sublingual ISDN. Coro- 
nary arteriography was performed by the Sones tech- 
nique and was followed by sublingual ISDN adminis- 
tration. Five minutes after the resolution of sublingual — 






TABLE I Patient Profile 












Group Nt 
(n= 12) 


Group C* 
(n = 12) 


6548 
10/2 

















5748 
12/0 


Age (yrs) 
Sex (M/F) 
No. coronary arteries 
>50% in diameter 
0 

















Left ventricular 
ejection fraction (%) 


; * No sustained nitrate therapy; t sustained nitrate therapy. 


ISDN, we again measured the aortic pressure, left ven- 

tricular pressure and plasma ISDN concentration, and 

-repeated the coronary arteriography. The coronary an- 

_ giography frame was the same as that before sublingual 

ISDN. 

- Measurement of plasma isosorbide dinitrate con- 
centrations: Immediately after blood sampling with a 
heparinized syringe, plasma was separated and stored in 

> a freezer at —60°C. ISDN concentrations were mea- 

sured within a few weeks by gas chromatography ac- 
cording to the method of Rosseel and Bogaert.'3 The 
gas chromatography system used was a Hewlett-Pack- 

ard model 5710 A equipped with a 63 Ni-ECD and a 3 

mm X 90 cm glass column packed with 3% OV-17 on 

Chromosorb WHP. The column and the detector were 

heated at 150°C and 200°C, respectively. The flow of 

N2 was at 60 mi/min. The detection limits calculated 

were 0.3 ng/ml in plasma. 

Coronary artery diameter measurements: Our tech- 

- nique for measuring coronary artery diameters has been 

reported in detail previously.'+!> Briefly, 35-mm coro- 

nary angiograms were reviewed on a Vanguard projec- 
tor. The coronary artery diameters were measured in 
the 30° right anterior oblique projection at end-diastole 
by means of a Vernier caliper. The Sones catheter was 
measured at its tip, which was positioned within the cor- 
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responding coronary artery ostium. Actual coronary ar- 
tery diameters were calculated by reference to the 
Sones catheter tip. The left main trunk, the proximal 
and distal segments of the left anterior descending coro- 
nary artery and the proximal and distal segments of the 
circumflex coronary artery were measured before and 
during sublingual ISDN (the investigators were blinded 
as to which patients were in group C or group N). Spe- 
cific locations measured in each coronary artery have 
been described in detail elsewhere.'4!5 The measure- 
ment site was not apparently involved by coronary ar- 
tery disease. 

Statistics: All values are expresed as mean + stan- 
dard deviation. In each patient, the net change in each 
value was calculated by subtracting the value before 
sublingual ISDN was given from that obtained during 
sublingual ISDN. This net change was divided by the 
value before sublingual ISDN to yield the percent 
change. Statistical analysis was performed using the 
Student ¢ test. For all analyses, a p value <0.05 was 
considered significant. 


RESULTS 

Patient profile: The patient profile for each group is 
listed in Table I. 

Hemodynamic parameters: In group N, the plasma 
ISDN concentration before sublingual ISDN was 8 + 5 
ng/ml. During sublingual ISDN, the plasma ISDN 
concentrations were 145 + 82 ng/ml in group C and 
114 + 94 ng/ml in group N (difference not significant). 
The hemodynamic measurements are listed in Table II. 
Figures 1 and 2 show the changes in heart rate, aortic 
systolic and diastolic pressures, and left ventricular end- 
diastolic pressure before and during sublingual ISDN. 
Sublingual ISDN increased the heart rate by 9 + 9% in 
group C and 5 + 5% in group N (difference not signifi- 
cant). The aortic systolic pressure decreased by 20 + 
6% in group C and 10 + 6% in group N (p <0.01). The 
aortic diastolic pressure decreased by 2 + 6% in group 
C and 3 + 9% in group N (difference not significant). 
The left ventricular end-diastolic pressure decreased by 


FIGURE 1. Changes of hemody- 

namic parameters before and after 
sublingual isosorbide dinitrate in 

group C (©) and group N (e). AoDP 
= aortic diastolic pressure; AoSP = 
aortic systolic pressure; HR = heart 
rate; LVEDP = left ventricular end- 
diastolic pressure. 
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‘ABLE il Hemodynamic Data 


Group C* 
(n= 12) 
Sublingual Nitrate 


Before 


Heart rate (beats /min) 
Aortic systolic pressure (mm Hg) 
Aortic diastolic pressure (mm Hg) 
Left ventricular end-diastolic 
pressure (mm Hg) 
Coronary artery diameter 
Left main trunk (mm) 
Proximal LAD (mm) 
Distal LAD (mm) 
Proximal Cx (mm) 
Distal Cx (mm) 


* No sustained nitrate therapy; t sustained nitrate therapy. 
Cx = left circumflex coronary artery; LAD = left anterior descending coronary artery. 


66+11 
138 + 26 
6647 
1145 





3.0 + 0.4 
2.0 0.4 
1.3403 
1840.4 
1340.4 


~ 65 + 16% in group C and 43 + 14% in group N (p 
< <0.01). 

Coronary artery diameter: The absolute coronary 
diameters are listed in Table II. The changes in coro- 
nary artery diameter before and during sublingual 
ISDN are shown in Figures 3 and 4. Sublingual ISDN 





AoDP LVEDP 





FIGURE 2. Percent changes in hemodynamic parameters in 
group C and group N. Abbreviations as in Figure 1. 


FIGURE 3. Changes of coronary 

artery diameters before and after 
EnA ISDH in group C(O) and 
group N (e). Cx = circumflex coro- 
nary artery; D = distal segment; 
LAD = left anterior descending cor- 
onary artery; LMT = left main 
trunk coronary artery; P = proximal 
~ segment. 
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Group Nt 
(n= 12) 
Sublingual Nitrate 


Before 


6848 
127 + 26 
73413 
1245 


During During 


72414 
112427 
6548 
443 


7148 
113 423 
70410 

743 


3.2405 
2.240.6 
1540.4 
2.2 + 0.6 
1740.4 


3.440,7 
2440.7 
1840.4 
2.4 40.7 
2.0 +06 


3.3406 
2440.4 
17404 
2.340.5 
18+0.6 


dilated the left main trunk by 11,+ 11% in group C ai 

5 + 10% in group N (difference not significant). The 
proximal left anterior descending coronary artery was 
dilated by 24 + 13% in group C and 10 + 8% in group 
N (p <0.01). The distal left anterior descending coro- 
nary artery was dilated by 37 + 20% in group C and 18 
+ 13% in group N (p <0.01). The proximal circumfle: 
coronary artery was dilated by 30 + 12% in group 
and 10 + 11% in group N (p <0.01). The distal circum 
flex coronary artery was dilated by 50 + 35% in group 
C and 13 + 18% in group N (p <0.01). 


DISCUSSION 

Many recent studies have evaluated the problem of 
tolerance and cross tolerance to high-dose ISDN in pa- 
tients with stable angina pectoris. ™!? Cross tolerance to 
the circulatory effects of sublingual nitroglycerin devel- 
ops during long-term ISDN therapy.” However, most 
studies have failed to show development of tolerance to 
sublingual nitroglycerin during therapy with conven- 
tional doses of ISDN, buccal nitroglycerin or transder- 
mal nitroglycerin.!*!9 Danahy et al’ reported that heart 
rate, systolic blood pressure and diastolic blood pressure — 
measured after sublingual nitroglycerin were not signifi- 
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FIGURE 4. Percent changes in coronary artery diameters in 
group C and group N. Abbreviations as in Figure 3. 





cantly different between initial testing and follow-up 
testing with high-dose ISDN. The exercise time after 
sublingual nitroglycerin did not reveal any significant 
difference between initial testing and follow-up testing. 
Lee et al? evaluated the cross tolerance to the antiangi- 
nal effect of sublingually administered nitroglycerin in 
patients with long-term oral administration of ISDN. 
The demonstration in that study of the ability to achieve 
equivalent improvements in exercise performance before 
and 1 month after ISDN therapy indicated that long- 
term oral administration of large doses of this long-act- 
ing nitrate does not result in cross tolerance to the anti- 
anginal action of sublingually administered nitroglycer- 
in. The question, still controversial, of whether ISDN 
administered orally in large doses induces the develop- 
ment of tolerance, especially in regard to cross tolerance 
to sublingually administered nitroglycerin, has assumed 
` greater importance. 

The prevention and relief of angina are mainly at- 
tributed to the reduction of afterload and preload, and 
the dilation of the coronary artery.!3 In the present 
study, we used the aortic systolic pressure as an indica- 
tor of afterload and the left ventricular end-diastolic 
pressure as an indicator of preload, and measured the 
coronary artery diameter. During the administration of 
sublingual ISDN, the reductions in aortic systolic pres- 
sure and left ventricular end-diastolic pressure, and the 
dilations of coronary artery diameter were significant 
both in patients with and without sustained ISDN ther- 
apy. When these changes were compared between pa- 
tients with and without sustained ISDN therapy, the 
patients with sustained ISDN had less reduction in aor- 
tic systolic pressure and left ventricular end-diastolic 
pressure, and less dilation of coronary artery diameter. 
Our investigation indicates that cross tolerance to the 
effect of sublingually administered nitrate could be in- 


duced by the long-term oral administration of ISDN. 


These results suggest that the short-term effect of sub- nh 


lingual ISDN for the relief of ischemic manifestations 
might be more significant in patients without sustained 
ISDN therapy than in those with sustained ISDN ther- 
apy. Additional study will be required to compare the 
short-term effects of sublingual nitrates during ischemic 
attacks in patients with and without sustained nitrate 
therapy. 


Acknowledgment: We express our gratitude to Toa 
Eiyo, Ltd. for the measurement of plasma isosorbide 
dinitrate concentrations. 
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Sustained Effect of and Lack of Development of | 
Tolerance to Controlled-Release Isosorbide-5- 
Mononitrate in Chronic Stable Angina Pectoris 


Gerald Wisenberg, MD, Cathy Roks, RN, Peter Nichol, MD, and Michele D. Goddard, MD 


Tolerance has been shown to develop when nitrate 


preparations are used in such a manner as to pro- 
duce plasma levels within the therapeutic range 
continuously over a 24-hour period. However, a pe- 
riod of reduced or low nitrate plasma levels of a 
few hours per day may limit or completely prevent 
tolerance development. in 18 patients with chronic 
stable angina pectoris, a single 60-mg daily dose of 
a controlled-release preparation of isosorbide-5- 
mononitrate (ISMN) was compared with the admin- 
istration of 30 mg, 4 times daily, of immediate- 
release isosorbide dinitrate (ISDN) in a double- 
blind, randomized, placebo-controlled, crossover 
study. The comparisons were carried out on the 
first day of therapy and after 11 to 14 days of con- 
tinuous therapy to assess the duration of effective- 
ness and the development of tolerance. On short- 
term therapy, both drugs produced a significant im- 
provement in treadmill walking times to moderate 
angina in comparison with placebo. The values for 
ISMN were 87 + 99 seconds (23%) at 12:30 P.M., 
72 + 91 seconds (19%) at 5 P.M. and 51 + 81 
seconds (13%) at 8:30 p.m. For ISDN, the re- 
spective values were 71 + 83 seconds (19%), 89 
+ 98 seconds (24%) and 79 + 87 seconds 
(21%). There were no significant differences be- 
tween drugs. Plasma nitrate levels for each drug 
paralleled the improvements in exercise perfor- 
mance. After 11 to 14 days of sustained thera- 
py, only ISMN retained any significant beneficial 
. effects (61 + 71 seconds [21%] at 12:30 P.M. 
and 42 + 60 seconds [14%] at 5 P.M.), but no 
significant effect at 8:30 P.M., with plasma levels 
slightly higher than those achieved on short-term 
therapy. ISDN produced no effect at any time 
point. This loss of effectiveness for ISDN oc- 
curred despite a slight increase in serum nitrate 
levels in comparison with short-term dosing, at 
all time points. Thus, the use of controlled-re- 
lease ISMN minimized the development of toler- 
ance, presumably because the nitrate plasma 
levels decreased into the subtherapeutic range 
during the inactive hours of the late evening and 
night. ISMN provided significant antianginal ef- 
fects both with short-term and sustained therapy 
rat least 8.5 hours after a single morning 
Boas J Cardiol 199904:569-370) 


olerance to the antianginal effects of nitrates has: 
been shown to occur in several clinical studies." ? _ 
Despite improvements in treadmill exercise walk- 
ing times to angina after short-term dosing, an attenua- 
tion of these improvements can develop within as short 
a time as 24 hours and, in some cases, can be almost 
complete by 7 to 10 days. 
Although the mechanisms leading to the develop- 
ment of tolerance have not been completely elucidated, 
it seems that a contributing factor to the development of © 
nitrate tolerance is the maintenance of therapeutic plas- 
ma levels over a 24-hour period using current 4 times/ 
day dosing regimens for oral and topically administered 
nitrate preparations. Parker et alf have suggested that a 
period of reduced nitrate plasma levels, which may need 
to be up to 8 to 12 hours in duration, may prevent or 
minimize the tendency toward the development of toler- 
ance. 
Recently, one of the active metabolites of isosorbide _ 
dinitrate (ISDN), isosorbide-5-mononitrate (ISMN), 
has become available as an antianginal agent. Because 
this compound is not subject to further hepatic metabo- < 
lism, in theory, it would be more likely to produce con-. 
sistent benefit at a given dose. Further, a controlled- 


release preparation of this compound has been devel- 


oped. This preparation may provide therapeutic levels 


for a 10- to 12-hour period during the most active part 


of the day, and then allow a washout period to minimize 
the development of tolerance. 

We evaluated the short-term and sustained benefit 
of this agent, in comparison with isosorbide dinitrate ` 


and placebo in a randomized, double-blind crossover tri- : 


al in patients with stable angina pectoris. 


METHODS 

Twenty patients with stable angina on exertion met 
the inclusion criteria. However, 1 patient withdrew from 
the study because of employment commitments, and 
another was withdrawn by the investigators because of 
this patient’s failure to experience angina on the first 
stress test after reproducibility and nitrate response test- 
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BLE I Heart Rate, Systolic and Diastolic Blood Pressures—Sitting and Standing 
Steady-State Therapy 




























































Short-Term Therapy 
ISMN ISDN ISMN ISMN ISDN ISMN 
vs vs vs vs vs vs 
Hour Placebo ISMN ISDN Placebo Placebo ISDN Placebo ISMN ISON Placebo Placebo ISDN 
Heart rate (sitting) (beats/min) 
BAM. 6349 6349 6147 6348 6248 6246 -1+8* 147 ~247 
NSt NS NS 
12:30PM. 63412 64414 64+11 149* 2Ł410 -147 65413 60411 63410 ~-3412 0410 ~3+410 
NSt NS NS NS NS NS 
5PM. 64410 64413 67414 O+11 4412 -4412 66410 68412 67412 4+8 3+10 1411 
NS NS NS NS NS NS 
8:30PM. 66412 66411 69413 1411 6412 -5412 69413 67410 6649 -149 -2411 -—1411 
NS NS NS NS NS NS 
8AM. 62410 6348 6449 149 4410 -349 — — — —_ a _ 
NS NS NS 
Heart rate (standing) (beats/min) 
8AM. 72410 67411 69410 71412 6748 6947 149 148 O+4 
NS NS NS 
12:30PM. 70412 71415 72413 741l 6415 1412 71413 66412 69412 0+10 Ot9 147 
NS NS NS NS NS NS 
5PM. 70£12 70413 73414 5412 6410 ~149 71412 73413 73412 6411 4413 249 
NS 1/77 NS NS NS NS 
8:30PM. 75412 722412 76411 247 449 -348 74413 74411 73410 4413 1412 4412 
NS NS NS NS NS NS 
8AM. 69410 69412 709 S411 4410 147 — — — — — — 
NS NS NS 
Systolic pressure (sitting) (mm Hg) 
BAM. 127419 125+20 128418 — — — 124420 125220 128418 62412 5411 149 
NS NS NS 
12:30PM. 128419 111420 106416 -15418 ~22422 7421 124416 119420 129419 -9418 -1419 -8+17 
-18/-3 -24/-7 NS NS NS NS 
5PM. 125419 109415 106417 -14427 -19427 52434 126420 120418 126413 -10419 -6419 -4414 
NS -23/~3 NS NS NS ` NS 
8:30PM. 130422 118415 112419 -10422 -18415 8427 130415 130421 126420 -3+23 -10423 7414 
NS -18/-8 NS NS NS NS 
8AM. 123414 121415 111416 O413 ~13412 -13411 — — — 
NS —23/—-1 ~24/-2 
Systolic pressure (standing) (mm Hg) 
BAM. 130418 125418 127419 — — — 128420 129423 131420 6412 6411 O+9 
NS NS NS 
12:30PM. 128417 113423 101415 ~10424 ~23422 14417 124415 117418 125420 -8419 -1+419 ~7425 
NS ~20/-1 NS NS NS NS 
5PM, 124419 105413 106416 -14424 ~15423 1427 123418 115418 126415 ~10419 O+26 ~10418 
~19/-1 ~20/-1 NS NS NS NS 
8:30PM. 130426 114419 112419 -11429 ~15422 4427 130417 127420 125417 -4417 ~-8418 4414 
NS NS NS NS NS NS 
8AM. 122415 121414 112418 4412 -7415 -liti4 — — — — — ~= 
NS NS NS 
Diastolic pressure (sitting) (mm Hg) 
BAM. 77&11 77410 78+10 — — — 77+11 76410 79412 -149 148 ~2+9 
NS NS NS 
12:30PM. 78412 68411 69410 -9+411 ~10413 1415 75412 73411 76412 -1413 0+12 O+12 
—11/=2 -12/-2 NS NS NS NS 
5PM. 77412 66411 68411 ~10414 ~9+17 ~—1+20 77411 73410 78410 ~-3410 -1414 -2+9 
~13/-2 ~12/-1 NS NS NS NS 
8:30 P.M. 79412 7149 67410 -8414 -13414 $414 7849 78+11 77414 149 +2412 348 
—10/-1 ~-12/-6 NS NS NS NS 
8AM. 75410 7449 6948 -1+11 -7410 -6412 — — — — — — 
NS NS NS 
Diastolic pressure (standing) (mm Hg) 
BAM. 79412 79412 78410 — — — 79413 77415 80+13 ~248 248 ~447 
NS NS NS 
12:30PM. 77413 67410 66411 ~9412 -10413 14130 76410 7349 ©77412 -1415 114 -2415. 
-11/-2 -12/-2 NS NS NS NS 
5PM. 76412 6549 67410 -10412 -8413 -2418 76410 73411 78411 -1411 2418 -2411 
-12/-2 ~-11/0 NS NS NS NS 
8:30PM 78415 71410 68410 ~—7+16 -9413 2417 79411 78413 76413 1416 -4412 5412 
74411 6948 
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ing. The remaining 18 patients completed the entire 
protocol. There were 17 men and 1 woman (age range 

34 to 72 years, mean 61 + 10; weight range 66 to 98 kg, 
mean 85 + 11). Coronary artery disease was confirmed 
in 13 patients by coronary angiography, which demon- 
strated at least 75% luminal narrowing in 21 of the 
major coronary vessels. Five patients had 1-vessel, 2 had 
2-vessel and 6 had 3-vessel disease. In the remaining 5 
patients, the diagnosis was confirmed by the presence of 
typical symptoms of angina and abnormal ST-segment 
response to exercise, as well as a positive stress thallium 
scan in 2 patients and documentation of a previous 
myocardial infarction in 3. However, a total of 10 pa- 
tients had had a previous myocardial infarction 23 
months before their entrance into the study. 

Patients were weaned off prophylactic nitrates and 
calcium antagonists before their qualifying stress test- 
ing. However, 10 patients continued to receive 6 
blockers in clinically prescribed doses during the entire 
study, without modification. All patients developed 
chest pain and horizontal or downsloping ST-segment 
depression of 21 mm compared with baseline values 
during the qualifying stress tests. 

Reproducibility: The patient’s consistency in reach- 
ing a predefined subjective endpoint was assessed. This 
endpoint was defined as the point at which angina 
reached a degree such that the patient would normally 
voluntarily terminate the provoking activity (P2). Pa- 
tients were exercised using the standard Bruce protocol. 
To fulfill the entrance criteria, patients had to achieve 

_-P2 within +15% of the initial test on 2 consecutive days. 
During that period, the patients were stressed at pre- 
: cisely the same time of day and no sublingual nitroglyc- 
erin. was administered within 2 hours before the stress 
testing. 

Response to nitroglycerin: Having fulfilled the con- 
sistency criteria, the patients were asked to return for a 
third test. Nitroglycerin (0.6 mg) was administered sub- 
lingually in an open unblinded manner and stress testing 
was repeated 5 minutes after its administration. Pa- 
tients met the nitrate responder criteria if they were 
able to increase their treadmill walking times to P2 by 
at least 15% more than the mean achieved with the 2 
reproducibility treadmill tests. Of 33 patients assessed, 
20 met the criteria and began the formal double-blind 
trial, with 2 subsequent dropouts, as noted. 

Protocol design: Patients then entered into a phase 

` during which they received either placebo, 30 mg of oral 
ISDN 4 times/day or 60 mg of ISMN once daily, ad- 
ministered at 8:30 a.M., in a double blind manner using 
a double dummy technique. Pill administration times 
were 8:30 A.M., 1, 5:30 and 11 p.m. On the first day of 
therapy, treadmill stress tests using the Bruce protocol 
were performed at 8 A.M, before the first dose, and at 
12:30, 5 and 8:30 P.M., and at 8 a. the following day. 

. After 11 to 14 days of continuous therapy, repeat stress 
testing was performed at 8 A.M, 12:30, 5 and 8:30 P.M. 

_ Thus, exercise tests were performed both on short-term 
continuous therapy at 4, 8.5, 12 and 23.5 hours 
after ISMN ingestion and 4, 4, 3 and 9 hours after 


ISDN intake. All patients then received placebo thera- 
py for a 1-week period (washout) and began a second 
cycle of medications and stress tests as above. After a 
further 1-week washout period, the third and final treat- 
ment cycle and stress tests were completed. 

The 8 a.m. tests were all performed before breakfast, 
the 12:30 p.m. tests before lunch, the 5 PM. tests at least 
2 hours after lunch and the 8:30 pm. tests at least 2 
hours after supper. ; 

Parameters measured: In addition to the time to 
P2, the time to the development of angina (P1) was 
measured. Other variables assessed were blood pressure 
(systolic and diastolic), heart rate at rest (both in the 
sitting and standing positions), maximal exercise heart 
rates and systolic blood pressures, rate-pressure prod- 
ucts, time to 1-mm and 2-mm ST-segment depression, . 
maximal ST-segment depression and nitrate plasma lev- 
els. 

To determine the latter, before each exercise test we 
obtained and placed 10 ml of venous blood into a hepa- 
rinized tube, centrifuged immediately and stored the 
plasma at ~70°C. Plasma concentrations of ISDN and. 
its 2 metabolites, isosorbide-5-mononitrate and isosor-- 
bide-2-mononitrate, were measured by gas liquid chro- ; 
matography using electron capture detection.!° 

Statistical analysis: We used 2-tailed, 3-way analy- _ 
sis of variance, with data analyzed by intra- and inter- 
drug comparisons at the various time points with regard 
to the changes from the values at 8 a.m. on the first day. 
of each treatment cycle. In addition, comparisons were 
made between the values obtained on the first day of 
treatment (short-term) and after 11 to 14 days of con- 
tinuous therapy (steady state). 


RESULTS 

Hemodynamics at rest: On the first day of therapy, 
in comparison with placebo, ISDN tended to produce 
the larger decrease in sitting and standing blood pres- 
sures. No statistically significant differences between 
the 2 drugs were seen, however, except at 12:30 pM. for : 
the standing pressures. No significant effect on heart 
rate was produced by either drug except for ISDN, 
which produced a slight heart rate increase at 5 P.M. 

No significant difference between drugs and placebo 
was observed during steady-state therapy in either blood: 
pressure or heart rate parameters for either ISMN or 
ISDN (Table I). 

Exercise values: Tables II and III list the values for 
treadmill walking times (P1, P2, 1-mm and 2-mm ST- 
segment depression), maximal ST-segment depression 
and exercise hemodynamics (systolic blood pressure, 
heart rate and rate-pressure product at P2). 

Treadmill walking times: With regard to time to P1 
on short-term therapy in comparison with placebo, 
ISMN produced a significant improvement at 12:30 
P.M. only (76 + 107 seconds, 95% confidence limits 20 
and 131), whereas ISDN was effective in increasing 
performance for 12 hours through to 8:30 pM. (Figure 1. 
and 2). The only significant difference between drug ef- - 
fects was at 5 pm, with ISDN producing a 57-second 
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eater improvement (19% above baseline pretreatment 


value) in comparison with ISMN. 

With regard to time to P2, again on short-term ther- 
apy, both drugs produced a significant improvement in 
treadmill walking times through to 8:30 p.m. In compari- 
son with placebo, ISMN increased times by 87 + 99 
seconds (23%) at 12:30 P.M., 72 + 91 seconds (19%) at 5 
p.mM.and 51 + 81 seconds (13%) at 8:30 p.m. The compa- 
rable values for ISDN were 71 + 83, 89 + 98 and 79 + 
87 seconds (19, 24 and 21%, respectively). There were 
no significant differences between drug effects at any 
time point. 

On continuous (steady-state) therapy, both drugs 
produced a significant increase in time to P1 only at 5 
pM. (58 + 92 seconds [20%] for ISMN and 55 + 88 
seconds [20%] for ISDN). There were no significant 
differences between drug effects at any time point. 

However, ISDN produced no significant improve- 
ment in time to P2, in comparison with placebo, at any 
time point. ISMN produced significant improvements 
at 12:30 and 5 pM. (61 + 71 seconds [21%] and 42 + 60 
seconds [14%], respectively), but no significant effect at 
8:30 p.m. (23 + 57 seconds [8%]).. The 2 drugs were 


FIGURE 1. Time until onset of angi- 
na (P1). Short-term administration 
of ISMN produced a significant im- 
. provement in time to P1 at 12:30 
=.. P.M; 4 hours after the morning 

. dose, ISDN, however, improved 
-walking times through to 8:30 p.m. 
On steady-state therapy, both 
drugs produced an improvement 
versus placebo at 5 p.m. only. SS = 
steady state. 
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FIGURE 2. Time until onset of mod- 


to 3:30 p.m. However, on steady- 
state therapy, only ISMN increased 
walking times significantly versus 
placebo at 12:30 and 5 p.m. SS = 
steady state. 
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signifi cantly different in effect at 12:30 pM. but not at 5 
< or 8:30 PM. 


An overall comparison of the change of effect af 
each drug on treadmill walking times from the short- 


term to steady-state assessments demonstrated no: 


change for ISMN, implying no significant loss of drug. 


effect. However, there was a significant decrease in 
drug effect for ISDN on continuous therapy in compar- 


ison with short-term dosing (p <0.034), implying the — 
development of tolerance. ee 

ST-segment changes: On short-term dosing, in gen- 
eral, the times to 1-mm and 2-mm ST-segment depres- 
sion paralleled the improvements in treadmill walking 
times produced by the 2 drugs. However, there was no 


difference between either of the drugs versus placebo in 
maximal ST-segment depression. A similar pattern of 


parallel improvements with walking times was observed 


in these parameters on steady-state therapy, with no im- = 
provement for ISDN at any point but an improvement 


for ISMN at 12:30 pM. in time to 1-mm ST depression, 
and at 5 pM. in time to 2-mm ST depression. Neither _ 
drug produced any significant effect on maximal ST de- — 
pression. : 
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< < Exercise hemodynamics: On short-term dosing, 

\ ISMN and ISDN were associated with a lower peak 
systolic blood pressure versus placebo at 12:30 p.M. only, 
with no significant difference between drugs. ISDN 
alone was associated with a lower peak exercise heart 
rate versus placebo at 12:30 pm. There were no differ- 
ences produced by either drug versus placebo on peak 
rate-pressure product. 

The only significant effect of either drug versus pla- 
cebo during continuous therapy on exercise hemody- 
namics was on peak heart rate. It was shown by ISDN 
at 8:30 P.M. 

Plasma nitrate levels: During short-term ISMN 
therapy, plasma levels of ISMN-5 peaked at 12:30 P.M., 
4 hours after the dose, and decreased progressively at 5 
and 8:30 pM. and 8 a.m. the next day. On sustained 
therapy, at 8 a.M., there was no difference from 8 AM. 
on the second day of therapy. However, slightly higher 
values were observed at each subsequent time point ver- 

gus short-term dosing, although the pattern of an early 
¿peak and subsequent decline were as observed during 
short-term therapy. 

For short-term ISDN, plasma levels of ISMN-5, 
ISMN-2 and ISDN increased from 12:30 p.m. to reach 
a peak at 8:30 pM, 3.5 hours after the third dose. The 
level at 8 A.M. the following day remained in the thera- 
peutic range and, for ISMN-S specifically, at levels in- 
termediate between 12:30 and 5 pM. on the first day. On 
sustained therapy, the levels at 8 p.m. were in the thera- 


-peutic range and ultimately reached higher values at all 
subsequent times during the day, peaking at 8:30 P.M. 
(Figure 3). 


DISCUSSION 

As long ago as 1946, it was recognized that toler- 
ance could develop to the effects of nitrates. Swartz!! 
specifically commented on the headaches developing in 





Plasma Concentration (nmol/L) 


4/4 
12:30 


Before 
8:00 


munitions workers that gradually abated after ‘the 
course of a week, only to return the following Monday 


after a weekend away from nitrate exposure. Tolerance =- 


to the hemodynamic effects of nitrates was recognized 
in the late 1960s.!2!3 However, the clinical significance — 
of these observations on the antianginal effects was not 
documented until 1980, when Thadani et al'* demon- — 
strated a significant attenuation of the improvement in _ 
treadmill walking times after oral ISDN when sus- 
tained therapy was compared with the effects during 
the first day of therapy. 

Subsequently, tolerance has been shown to develop 
to topical nitroglycerin?® and ISMN.®!> Tolerance has — 


developed using these preparations despite the mainte- 
nance of drug levels within the therapeutic range. In- 


fact, it has been shown that tolerance can be avoided, or 
reduced, if nitrate levels are allowed to decrease below- 


the therapeutic range for a period of several hours dur- 


ing each 24-hour cycle of continuous therapy.>*!® Thus, 
if a short-acting preparation, such as ISDN, is adminis- _ 
tered every 6 hours in 3 doses allowing a 6-hour period. 
free of nitrate, the beneficial antianginal effect is re- 
tained, albeit at a somewhat reduced level after 1 week 
of therapy. 
In the present study, tolerance was once again dëm- 
onstrated to the antianginal and hemodynamic effects 
of ISDN after 11 to 14 days of continuous therapy, de- 
spite maintenance of plasma nitrate levels at all time 
points on long-term dosing. During short-term dosing, 
ISMN produced a significant improvement in walking — 
times to P2 up to 12 hours after drug administration. < 
The antianginal effects also were paralleled by the 
changes in systolic and diastolic. blood pressure at rest. 
Measurements of plasma nitrate levels demonstrated a - 
significant decrease occurring by 8:30 r.m., with short- 
term therapy paralleling the changes over time in exer- 
cise parameters. However, on continuous therapy, as op- 
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FIGURE 3. Plasma concentrations of ISMN-5. On short-term therapy, the plasma concentration of ISMN-S peaked at 12:30 p.m. 


and then gr: 


decreased over the next 19.5 hours. On sustained therapy, all values were higher but the same pattern was 


‘adually 
observed. For ISDN, the ISMN-5 metabolite peaked at 8:30 p.m. (short-term). After 2 weeks of therapy, all values were higher 
pattern was maintained. Thus, tolerance develops to ISDN despite maintenance of blood levels well above the range 


‘be effective during short-term therapy. 
after 8:30 Pm. SS = steady state. 


The absence of tolerance with ISMN may in part be explained by the low plas- : 












_ posed to ISDN, improvement in treadmill walking time 
- to. P2 was maintained with ISMN to 5 pM, with a loss 
of benefit by 8:30 p.m. Although this suggests the devel- 
opment of some loss of effect, no overall statistical dif- 
ference was demonstrated in exercise walking times be- 
tween short-term and steady-state testing. The mainte- 
nance of effect is presumably due to the decreased levels 
of nitrate, using this particular preparation, after 8:30 
P.M. and until the next morning dose, with similar levels 
attained on short-term and continuous therapy. The re- 
-sults of our study, demonstrating benefit under steady- 
: state conditions are supported by 2 recent reports that 
«demonstrated benefit after 1 and 2 weeks of continuous 

` therapy with the same single 60-mg controlled-release 
tablet when patients were studied 3 hours after dos- 
ing.!7.18 

These results, however, are in conflict with those 
recently published by Thadani et al? Although 
an improvement was observed with short-term dosing at 
4 hours, no significant benefit in treadmill walking 
times to the onset of angina and moderate angina was 
observed in 5 patients who received a slow-release 
ISMN preparation, both in a 50- and 100-mg dose— 
when assessed 4, 20 and 24 hours after drug adminis- 
tration after 1 week of therapy. Again, these occurred 
despite drug levels after sustained therapy comparable 
to the levels observed during short-term therapy. The 
apparent maintenance of improvement observed in our 
study may be due to the larger sample size and the 
difference in the preparation of ISMN, although the 
pattern of decline in ISMN levels measured at only 4 
and 20 hours after dosing in the study of Thadani et al? 
over the course of the day is similar between the 2 stud- 
ies. 

Our results do suggest that a sustained-release prep- 
aration of ISMN may be an effective once-daily pro- 
phylactic antianginal agent to be used by the patient 
who experiences angina predominantly during finite pe- 
riods of time, for example, during an active working 
day. In such a person, the loss of effectiveness during 
inactive periods produces no symptomatic manifesta- 
tions and minimizes the development of tolerance dur- 
ing the active periods, when antianginal prophylaxis is 
most needed. 
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| Effects of Occlusion of the Left Anterior S 
Descending Coronary Artery During Angioplasty | 
on Right-Sided Cardiac Pressures and 
Electrocardiographic Changes 
Shlomo Charlap, MD, Nancy Schulhoff, RN, Subbarao Mylavarapu, MD, Alvin Greengart, MD, 


Joseph Gelbfish, MD, Linda Budzilowicz, RN, Gerald Hollander, MD, Edgar Lichstein, MD, 
and Jacob Shani, MD 


Controversy persists regarding the presence and 


extent of right ventricular involvement with acute 
anterior injury. Also unclear are the incidence and 
significance of ST elevations in the right-sided 
leads in acute left anterior descending artery occlu- 
‘sion. Baseline and coronary occlusion hemodynam- 
ics and 15-lead electrocardiograms (addition of 
RV; through RV;) were recorded in 42 patients 
during 32 left anterior descending and 13 right 
coronary artery angioplasties. The right coronary 
and left anterior descending artery angioplasties 
had similar baseline right and left ventricular hemo- 
dynamics, as well as identical right atrial to pulmo- 
‘nary wedge pressure ratios (0.51 right coronary vs 
0.51 left anterior descending). Whereas the right 
coronary and left anterior descending occlusions 
produced similar elevations in right ventricular fill- 
ing pressures, the left anterior descending occlu- 
sions produced greater elevations in left ventricular 
filling pressures. The right atrial to pulmonary 
wedge ratio increased with right coronary occlu- 
sions, but was unchanged with left anterior de- 
scending occlusions (0.79 right vs 0.46 left, p 
$0.0001). Presence of right-lead ST elevations in 
10 left anterior descending occlusions did not con- 
note increased right ventricular filling pressures, 
but did suggest increased left ventricular ischemia 
and dysfunction. In conclusion, right ventricular 
dysfunction, as manifested by increased filling 
pressures, is seen with both right coronary and left 
anterior descending occlusions. Although it is the 
predominant abnormality in right coronary occlu- 
sions, in left anterior descending occlusions it is 
proportional to left ventricular dysfunction. ST ele- 
vations in a right lead with left anterior descending 
occlusions do not constitute a marker for increased 
right ventricular dysfunction. 

(Am J Cardiol 1989;64:577-580) 


ight ventricular ischemia and infarction are now 
recognized as clinical entities with important he- 
odynamic consequences.'? Considering that 


most of the right ventricle usually is supplied by the 
right coronary artery, it is not surprising that investiga- 


tors agree that the right ventricle is frequently involved -- 


‘in acute inferior infarctions. However, whether acute 
occlusion of the left anterior descending coronary ar- 
tery, which contributes to the blood supply of the right 
ventricular anterior wall and interventricular septum, 
also is associated with significant right ventricular in- 
volvement remains in dispute.?-69-!! * 
A lag in defining right ventricular ischemia and in- 


farction as clinical entities was due to the initial belief 


that the surface electrocardiogram could not specifically 
pinpoint involvement of the right ventricle. As early as 
1974, Erhardt et al™!? and subsequently other investiga- 
tors!3!4 have demonstrated that, in the presence of an 
inferior infarction, ST elevation in a right-sided lead is.a 
highly sensitive and specific indicator of right ventricu- 
lar involvement. The significance of ST elevation in a 
right lead occurring with acute anterior injury has been 
less thoroughly investigated.>.!5-!6 

The aim of our study was to determine prospectively 
(1) the presence and extent of right ventricular dysfunc- 
tion as manifested by abnormal hemodynamics in acute 
left anterior descending occlusion, and how it compares 
with that observed with acute right coronary occlusion, 
and (2) the frequency and significance of ST elevations 
in the right-sided leads occurring with acute left anteri- 
or descending occlusions. Coronary angioplasty served 
as the model of acute coronary occlusion. 


METHODS 

Patients and angioplasty technique: The study 
group comprised 42 patients who underwent left anteri- 
or descending or right coronary angioplasty, or both. 
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astolic pressure; RVS = right ventricular systolic pressure. 




































Patients were excluded if they had acute myocardial in- 
farction, clinical instability, total occlusion, distal occlu- 
sion or bundle branch block before or during angio- 
plasty. All patients had coronary angiography and left 
ventriculography performed within 2 months of the an- 
gioplasty procedure. Coronary artery narrowing of 
270% in the luminal diameter was considered signifi- 
cant and was present in all the vessels undergoing angi- 
oplasty. Eight patients with left anterior descending an- 
gioplasty had coexistent right coronary disease, and 3 of 
them also underwent right coronary angioplasty. Right 
coronary angioplasties were performed in lesions occur- 
ring proximal to or overlapping major right ventricular 
branches. The duration of balloon inflation was deter- 
mined based on the significance of chest pain or electro- 
_ cardiographic changes, or both. The study was approved 
~~ by the institutional review board at Maimonides Medi- 
‘cal Center. All patients gave informed written consent 
to participate in this study. 

Electrocardiographic study: Complete 15-lead elec- 
trocardiograms (including RV3, RV, and RVs) were re- 
corded at baseline and every 30 to 45 seconds during 
coronary occlusion using a paper speed of 25 mm/s and 
a standardization of 10 mm/1 mV. The 6 standard pre- 
cordial leads and leads RV; through RVs were moni- 
tored by radiolucent electrodes. The electrocardiogram 
with the most prominent ST deviations was used for 
analysis. ST deviation in individual leads was defined by 
a 21.0-mm ST elevation or depression from baseline 
measured 80 ms after the J point. Total ST-segment 
elevations in the right-sided leads (RV3 through RVs), 
inferior leads (II, II, aVF) and the anterior precordial 
leads (V; through V4) were determined. 

Hemodynamic study: Patients had a right-sided car- 
diac catheter placed through the femoral vein before the 
angioplasty procedure. The baseline right atrial, right 
ventricular systolic and end-diastolic, pulmonary artery 
systolic and diastolic, and pulmonary wedge pressures 
were obtained. Repeat hemodynamic measurements 
were obtained during angioplasty at the time of peak 
ST-segment changes on the electrocardiogram. A ratio 
of right atrial to pulmonary wedge pressure was calcu- 
lated for each patient at baseline and during coronary 
occlusion. 

Statistical analysis: Data are expressed as mean and 
standard deviation. The student paired and unpaired 2- 


“TABLE i Baseline and Coronary Occlusion Hemodynamics in Right Coronary Artery and Left Anterior Descending Artery 


RA RVS RVED PAS PAD PW 
(mm Hg) (mm Hg) (mm Hg) (mm Hg) (mm Hg) (mm Hg) RA/PW 
Right coronary artery 
Baseline 442 28410 542 28 +10 1243 945 0.51 +0.14 
Occlusion 10 + 3* 2947 10+ 4* 29+6 1445 13451 0.79+0,14* 
Left anterior descending artery 
Baseline 543 2949 643 2949 1444 10+5 0.51 +0.17 
Occlusion 114 4* 434124 114 4* 43+ 12*+ 25 + 8*t 24 + 9*t 0.46 + 0.14t 


* p <0.0001 vs baseline; t p <0.01 vs baseline; * p <0.0001 vs right coronary artery occlusion. 
PAD = pulmonary artery diastolic pressure; PAS = pulmonary artery systolic pressure; PW = pulmonary wedge pressure; RA = right atrial pressure; RVED = right ventricular end-di- 


















tailed ¢ tests were used to study the statistical signifi- 
cances within and between patient groups. Chi-square 
analysis with continuity correction was used to differen- 
tiate event frequency within and between patient 
groups. Statistical significance was assumed at p <0.05. 


T 


RESULTS 

Clinical: Right coronary angioplasty was performed 
in 13 patients (6 men, 7 women, mean age 63 + 13 
years), whereas left anterior descending angioplasty was 
performed in 32 patients (19 men, 13 women, mean age 
58 + 10 years). Baseline left ventricular ejection frac- 
tion was 52 + 18% in the right coronary group and 49 
+ 14% in the left anterior descending group (difference 
not significant). The 3 patients with both left anterior 
descending and right coronary angioplasties had the left 
anterior descending angioplasty performed first. The a 
coronary occlusion used for electrocardiographic and 
hemodynamic analyses averaged 222 + 84 seconds for 
the right coronary and 235 + 83 seconds for the left 
anterior descending angioplasties (difference not signifi- 
cant). 

Electrocardiography: STANDARD LEADS: All 32 left 
anterior descending occlusions produced ST elevations 
in at least 1 anterior lead; 6 occlusions also led to ST 
elevations in at least 1 inferior lead. All but 1 of the 13 
right coronary occlusions had ST deviations in the infe- 
rior leads (11 elevations, 1 depression). Seven of the 
right coronary occlusions also had ST elevations in at 
least 1 anterior lead; 1 right coronary occlusion pro- 
duced no ST deviations on the standard 12-lead electro- 
cardiogram. 

RIGHT-SIDED LEADS: All 13 right coronary occlusions 
had ST elevations in at least 1 right lead, including the 
1 occlusion with no ST deviations in the standard leads 
(1 in RV; and RVs, 1 in RVs, 11 in RV; through RVs). 
Ten of 32 left anterior descending artery occlusions had 
right-sided ST elevations (p <0.0001 vs right coronary 
artery) (6 in RV3, 2 in RV; and RV4, 1 in RV; and 
RVs, 1 in RV; through RVs). 

Hemodynamics: The baseline hemodynamics as well 
as the ratio of right atrial to pulmonary wedge pressures. 
were similar in the group of patients with right coronary = 
and left anterior descending angioplasties (Table I)... 
Right-sided filling pressures increased with both right 
coronary and left anterior descending occlusions, and __ 



















‘the occlusion pressures as well as the changes from 
baseline were similar. Increases in left-sided pressures 
also were seen in both groups, but were of greater mag- 
nitude with left anterior descending occlusions. When 
the left anterior descending angioplasties with no coexis- 
tent right coronary disease (n = 24) were considered 
separately, similar elevations in right and left ventricu- 
lar filling pressures were seen (right atrial 11.2 + 4.0 
mm Hg, pulmonary wedge 25.3 + 7.1 mm Hg). 

The right atrial/pulmonary wedge ratio increased 
with right coronary occlusions, but was unchanged with 
left anterior descending occlusions. A ratio of 20.65 
during coronary occlusion was seen in 11 of 13 right 
» coronary occlusions compared with 3 of 32 left anterior 
descending occlusions (p = 0.0001); a ratio of 20.85 
was. seen in 5 of 13 right coronary occlusions compared 
with 0 of 32 left anterior descending occlusions (p 
0.002). 

‘Right lead ST elevation with left anterior descend- 
ing occlusion: Patients with right-sided ST elevations 
-with left anterior descending occlusions (group 1, n = 
10). were similar in clinical characteristics to the re- 
‘maining patients (group 2, n = 22) (Table II). The 
baseline hemodynamics also were similar in both 
groups. With coronary occlusion, right-sided and left- 
sided pressures increased in both groups. The right-sid- 
ed pressures during the coronary occlusions as well as 
the changes from baseline were similar. However, left- 
sided pressures with coronary occlusions tended to be 
higher in group | patients, with the changes from base- 
line in right ventricular and pulmonary artery pressures 
being significantly higher (p <0.02) (Figure 1). Total 
ST elevations in leads V; through V4 were 18.2 + 7.3 
mm in group 1 patients compared with 8.9 + 5.5 mm in 
group 2 patients (p <0.001). 


DISCUSSION 

ST elevations in right-sided leads: Our data indicate 
that ST elevation in the right-sided leads may be seen in 
patients with acute anterior injury, although it does not 
reflect more right ventricular involvement with in- 
creased filling pressures compared with patients without 
these findings. Our findings are consistent with previous 
observations.3-!5.!6 Erhardt et al? found ST elevations in 
lead CR4R in 4 of 25 patients with acute anterior in- 
' farction, but in only 1 of these 4 patients was the infarc- 
tion seen to extend to the right ventricle at autopsy com- 
pared with 8 of the 21 patients without ST elevations in 
lead CR4R. Croff et al!> noted right precordial ST ele- 
vations in 1 of 7 patients with acute anterior injury, but 
this patient was no different from the other 6 patients: 
all lacked technetium-99m pyrophosphate uptake in the 
right ventricle. Lopez-Sendon et al!® documented that 5 
< patients with anterior infarctions and evidence of right 
ventricular necrosis at autopsy did not have right pre- 
cordial ST elevation, whereas other patients with anteri- 
or infarctions and no evidence of right ventricular injury 

have ST elevation. In their classic study, Erhardt et 

concluded that the presence of ST elevation in a 


TABLE HI Clinical Characteristics of the Patients with Left 
Anterior Descending Artery Occlusion* 


No ST 
Elevation 
in Right 
Lead 
(Group 2, 
n = 22) 


ST Elevation 
in Right 
Lead 
(Group 1, 
n= 10) 


Age (yrs) 

Sex (M) 

Right-dominant system 
RCA disease 

Left circumflex disease 
Proximal LAD disease 
Triple vessel disease 
Ejection fraction (%) 
Inferior wall abnormality 
Anterior wall abnormality 
Occlusion time (S) 


+12 


223 + 92 


* All comparisons were not significant; t 1 patient had lett to right collaterals. 
LAD = left anterior descending artery; RCA = right coronary artery. 


right-sided lead is a reliable indicator of right ventricu- 
lar infarction. This would be true, however, only in the 
presence of inferior infarctions because anteroseptal in- 
farctions may “interfere with the electrocardiogram in- | 
terpretation concerning right ventricular infarction.” 
This exception is not always recognized,!*!® but ap- 
pears to be supported by our data. 


scending occlusions increase right ventricular filling 
pressures to levels similar to those observed with righ 
coronary occlusions. Our results are compatible with 
those of Caplin et al,? who evaluated 20 patients with 
acute myocardial infarction (10 anterior, 10 inferior) 


RYS RVD PAS PAD PW 


FIGURE 1. Changes in 
rior descending i 
patients with right-lead ST elevations and the shaded bars 
indicate group 2 patients without these findings. Values are 


. The open bars represent group 1 









th groups of patients (32% in anterior vs 28% in infe- 
ior). However, a greater reduction in left ventricular 
tion fraction was seen in the patients with acute an- 
or infarction (40% in anterior vs 53% in inferior, p 
<0.05). As such, in patients with anterior infarction 
there was a linear relation between right and left ven- 
tricular ejection fraction, whereas in patients with infe- 
rior infarction the right ventricular dysfunction was out 
of proportion to the left ventricular dysfunction. Simi- 
larly, in our study, the right atrial/pulmonary wedge 
ratio was unchanged in patients with anterior injury, 
but was increased in patients with inferior injury. 

Our study differs from the study of Caplin et al? and 
those of other investigators.!°!! They determined the 
presence of right ventricular dysfunction with acute an- 
terior injury by direct visualization of the right ventricle 
with radionuclide ventriculography, whereas we deter- 
mined its presence by measuring right ventricular he- 
modynamics, a more clinically available method. It was 
beyond the scope of our study to determine whether the 
abnormal right ventricular hemodynamics seen with left 
anterior descending artery occlusion were actually due 
to right ventricular ischemia of areas supplied by the 
left anterior descending artery, or were due to other fac- 
tors, including increased afterload in the pulmonary 
vascular system, ischemia of the septal segment of the 
left ventricle or increased pericardial pressures secon- 
dary to left ventricular dysfunction.'°!9 The clinical 
studies that have directly visualized the right ventricle 
offer conflicting data on this matter.9-!! 

Clinical implications: Our study was designed to 
evaluate right ventricular dysfunction in acute anterior 
injury as it is manifested by abnormal right ventricular 
hemodynamics. We clearly demonstrate that increases 
in right ventricular filling pressures are present with 
acute anterior injury and that they are comparable with 
those seen with acute inferior injury. The clinical and 
therapeutic implications appear different, however, in 
that the right ventricular dysfunction seen with left an- 
terior descending artery occlusion is of lesser magnitude 
and plays a secondary role to the more predominant left 
ventricular dysfunction. 
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CARDIZEM 
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A remarkable safety profile’ 
The low incidence of side effects with 
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cannot tolerate therapy with beta-blockers and/or nitrates or who remain symptomatic despite adequate 
doses of these agents. 
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BRIEF SUMMARY 

Professional Use Information 
CARDIZEM® 

(diltiazem HCI) 

30 mg, 60 mg, 90 mg and 120 mg Tablets 
CONTRAINDICATIONS 

CARDIZEM is contraindicated in (1) patients with sick sinus 
syndrome except in the presence of a functioning ventricular 
pacemaker, (2) patients with second- or third-degree AV block 
except in the presence of a functioning ventricular pacemaker, (3) 
patients with hypotension (less than 90 mm Hg systolic). (4) 
patients who have demonstrated hypersensitivity to the drug. 
and (5) patients with acute myocardial infarction and 
pulmonary congestion documented by x-ray on admission 
WARNINGS 

1. Cardiac Conduction. CARDIZEM prolongs AV node 

refractory periods without significantly prolonging sinus 
node recovery time. except in patients with sick sinus 
syndrome. This effect may rarely result in abnormally slow 
heart rates (particularly in patients with sick sinus 
syndrome) or second- or third-degree AV block (six of 1,243 
patients for 0.48%). Concomitant use of diltiazem with 
beta-blockers or digitalis may result in additive effects on 
cardiac conduction. A patient with Prinzmetal’s angina 
developed periods of asystole (2 to 5 seconds) after a 
single dose of 60 mg of diltiazem 

2. Congestive Heart Failure. Although diltiazem has a 

negative inotropic effect in isolated animal tissue 
preparations, hemodynamic studies in humans with 
normal ventricular function have not shown a reduction 

in cardiac index nor consistent negative effects on 
contractility (dp/dt). Experience with the use of CARDIZEM 
alone or in combination with beta-blockers in patients 
with impaired ventricular function is very limited. Caution 
should be exercised when using the drug in such patients. 

3. Hypotension. Decreases in blood pressure associated 

with CARDIZEM therapy may occasionally result in 
symptomatic hypotension 

4. Acute Hepatic Injury. In rare instances. significant 

elevations in enzymes such as alkaline phosphatase. LDH. 

SGOT, SGPT. and other phenomena consistent with acute 

hepatic injury have been noted. These reactions have 

been reversible upon discontinuation of drug therapy. The 

relationship to CARDIZEM is uncertain in most cases. but 

probable in some. (See PRECAUTIONS.) 
PRECAUTIONS 

General. CARDIZEM (diltiazem hydrochloride) is extensively 
metabolized by the liver and excreted by the kidneys and in 
bile. As with any drug given over prolonged periods, laboratory 
parameters should be monitored at regular intervals. The drug 
should be used with caution in patients with impaired renal or 
hepatic function. In subacute and chronic dog and rat studies 
designed to produce toxicity. high doses of diltiazem were 
associated with hepatic damage. In special subacute hepatic 
studies, oral doses of 125 mg/kg and higher in rats were 
associated with histological changes in the liver which were 
reversible when the drug was discontinued. In dogs, doses of 
20 mg/kg were also associated with hepatic changes, however. 
these changes were reversible with continued dosing 

Dermatological events (see ADVERSE REACTIONS section) 
may be transient and may disappear despite continued use of 
CARDIZEM. However, skin eruptions progressing to erythema 
multiforme and/or exfoliative dermatitis have also been 
infrequently reported. Should a dermatologic reaction persist 
the drug should be discontinued. 

Drug Interaction. Due to the potential for additive effects 
caution and careful titration are warranted in patients receiving 
CARDIZEM concomitantly with any agents known to affect 
cardiac contractility and/or conduction. (See WARNINGS.) 

Pharmacologic studies indicate that there may be additive 
effects in prolonging AV conduction when using beta-blockers or 
digitalis concomitantly with CARDIZEM. (See WARNINGS.) 

As with all drugs, care should be exercised when treating 
patients with multiple medications. CARDIZEM undergoes bio- 
transformation by cytochrome P-450 mixed function oxidase 
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Coadministration of CARDIZEM with other agents which follow 

the same route of biotransformation may result in the competi- 
tive inhibition of metabolism. Dosages of similarly metabolized 
drugs. particularly those of low therapeutic ratio or in patients 

with renal and/or hepatic impairment. may require adjustment 

when starting or stopping concomitantly administered CARDIZEM 
to maintain optimum therapeutic blood levels 

Beta-blockers: Controlled and uncontrolled domestic studies 
suggest that concomitant use of CARDIZEM and beta-blockers 
or digitalis is usually well tolerated. Available data are not 
sufficient, however, to predict the effects of concomitant 
treatment. particularly in patients with left ventricular 
dysfunction or cardiac conduction abnormalities. 

Administration of CARDIZEM (diltiazem hydrochloride) 
concomitantly with propranolol in five norma! volunteers 
resulted in increased propranolol leve!s in all subjects and 
bioavailability of propranolol was increased approximately 50% 
If combination therapy is initiated or withdrawn in conjunction 
with propranolol, an adjustment in the propranolol dose may 
be warranted. (See WARNINGS.) 

Cimetidine: A study in six healthy volunteers has shown a 
significant increase in peak diltiazem plasma levels (58%) and 
area-under-the-curve (53%) after a one-week course of cimetidine 
at 1,200 mg per day and diltiazem 60 mg per day. Ranitidine 
produced smaller. nonsignificant increases. The effect may be 
mediated by cimetidine's known inhibition of hepatic cytochrome 
P-450, the enzyme system probably responsible for the first-pass 
metabolism of diltiazem. Patients currently receiving diltiazem 
therapy should be carefully monitored for a change in 
pharmacological effect when initiating and discontinuing 
therapy with cimetidine. An adjustment in the diltiazem dose 
may be warranted. 

Digitalis: Administration of CARDIZEM with digoxin in 24 
healthy male subjects increased plasma digoxin concentrations 
approximately 20%. Another investigator found no increase in 
digoxin levels in 12 patients with coronary artery disease. Since 
there have been conflicting results regarding the effect of digoxin 
levels. it is recommended that digoxin levels be monitored when 
initiating. adjusting, and discontinuing CARDIZEM therapy to 
avoid possible over- or under-digitalization. (See WARNINGS.) 

Anesthetics: The depression of cardiac contractility, 
conductivity. and automaticity as weli as the vascular dilation 
associated with anesthetics may be potentiated by calcium 
channel blockers. When used concomitantly, anesthetics and 
calcium blockers should be titrated carefully. 

Carcinogenesis, Mutagenesis, Impairment of Fertility. A 
24-month study in rats and a 21-month study in mice showed 
no evidence of carcinogenicity. There was also no mutagenic 
response in in vitro bacterial tests. No intrinsic effect on fertility 
was observed in rats, 

Pregnancy. Category C. Reproduction studies have been con- 
ducted in mice. rats, and rabbits. Administration of doses ranging 
from five to ten times greater (on a mg/kg basis) than the daily 
recommended therapeutic dose has resulted in embryo and 
fetal lethality. These doses. in some studies, have been reported 
to cause skeletal abnormalities. In the perinatal/postnatal 
Studies, there was some reduction in early individual pup 
weights and survival rates. There was an increased incidence 
of stillbirths at doses of 20 times the human dose or greater 

There are no well-controlled studies in pregnant women 
theretore. use CARDIZEM in pregnant women only if the potential 
benefit justifies the potential risk to the fetus 

Nursing Mothers. Diltiazem is excreted in human milk. One 
report suggests that concentrations in breast milk may approxi- 
mate serum levels. If use of CARDIZEM is deemed essential, an 
alternative method of infant feeding should be instituted 

Pediatric Use. Safety and effectiveness in children have not 
been established. 

ADVERSE REACTIONS 

Serious adverse reactions have been rare in studies carried 
out to date. but it should be recognized that patients with 
impaired ventricular function and cardiac conduction abnormali- 
ties have usually been excluded 
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In domestic placebo-controlled trials, the incidence of adverse 
reactions reported during CARDIZEM therapy was not greater 
than that reported during placebo therapy. 

The following represent occurrences observed in clinical 
studies which can be at least reasonably associated with the 
pharmacology of calcium influx inhibition. In many cases, the 
relationship to CARDIZEM has not been established. The most 
common occurrences as well as their frequency of presentation 
are: edema (2.4%). headache (2.1%), nausea (1.9%), dizziness 
(1.5%), rash (1.3%), asthenia (1.2%). In addition, the following 
events were reported infrequently (less than 1%) 
Cardiovascular: Angina, arrhythmia, AV block (first degree), 
AV block (second or third degree—see 
conduction warning), bradycardia, 
congestive heart failure. flushing. 
hypotension, palpitations, syncope. 
Amnesia, depression. gait abnormality, 
hallucinations, insomnia, nervousness. 
paresthesia, personality change, 
somnolence, tinnitus. tremor. 

Anorexia, constipation, diarrhea, 
dysgeusia, dyspepsia, mild elevations of 
alkaline phosphatase. SGOT, SGPT, and 
LDH (see hepatic warnings), vomiting, 
weight increase 


Nervous System. 


Gastrointestinal. 


Dermatologic Petechiae, pruritus, photosensitivity, 
urticaria 
Other Amblyopia. CPK elevation, dyspnea 


epistaxis, eye irritation, hyperglycemia 

nasal congestion, nocturia, osteoarticular 

pain, polyuria. sexual difficulties 

The following postmarketing events have been reported 
intrequently in patients receiving CARDIZEM: alopecia, gingival 
hyperplasia, erythema multiforme, and leukopenia. However, a 
definitive cause and effect between these events and CARDIZEM 
therapy is yet to be established. 
Issued 3/1/88 


See complete Professional Use Information before prescribing. 





References: 1. Schroeder JS: Mod Med 1982;50(Sept):94- 
116. 2. Cohn PF Braunwald E: Chronic ischemic heart 
disease, in Braunwald E (ed): Heart Disease: A Textbook of 
Cardiovascular Medicine, ed 2. Philadelphia, WB Saunders 
Co, 1984, chap 39. 3. O'Rourke RA: Am J Cardiol 
1985;56:34H-40H. 4. McCall D, Walsh RA, Frohlich ED, 
et al: Curr Probl Cardiol 1985; 10(8):6-80. 5. Frishman WH, 
Charlap S, Goldberger J, et al: Am J Cardiol 1985;56:41H- 
46H. 6. Shapiro W: Consultant 1984;24 (Dec); 150-159. 

7. O'Hara MJ, Khurmi NS, Bowles MJ, et al: Am J Cardiol 
1984;54:477-481. 8. Strauss WE, Mcintyre KM, Parisi AF 
et al: Am J Cardiol 1982; 49:560-566. 9. Feldman RL, 
Pepine CJ, Whittle J, et al: Am J Cardiol 1982;49:554-559. 











d 


y 


Tolerance with Low Dose Intravenous 
Nitroglycerin Therapy in Acute Myocardial 
Infarction 


Bodh |. Jugdutt, MBChB, MSc, and J. Wayne Warnica, MD 


The question of vascular tolerance was examined in 
154 patients with acute myocardial infarction (64 
anterior, 90 inferior) who were treated with pro- 
longed low dose intravenous nitroglycerin in a re- 
cent randomized placebo-controlled study. The 
dose of nitroglycerin was carefully titrated to de- 
crease mean blood pressure by 10% in normoten- 
sive patients and 30% in hypertensive (blood pres- 
sure >140/90 mm Hg) patients, but not <80 mm 

- Hg. Tolerance was defined as the need to increase 
the dose to maintain this hemodynamic effect. It 
was labelled “true” if chest pain was absent and 
“apparent” if chest pain was present. Group analy- 
sis of dose, pain scores, hemodynamic, 2-dimen- 
sional echocardiographic and clinical parameters 
monitored serially before and after therapy indicat- 
ed benefit with nitroglycerin over placebo despite 
equalizing of blood pressures after 10 hours. Re- 
versal of blood pressures and volumes after discon- 
tinuing nitroglycerin suggested lack of significant 
tolerance. However, detailed individual analysis 
suggested significant hemodynamic tolerance in 37 
patients (24%), both in the true tolerance (12%) 
and apparent tolerance (12%) subgroups. Toler- 
ance appeared early, requiring the dose to be in- 
creased by 30 + 39 ¿g/min within 11 + 9 hours. 
The dose was greater (p <0.001) in the tolerance 
than in the no tolerance subgroup, both before (60 
vs 27 ug/min) and after (90 vs 38 4ug/min) 10 
hours. Tolerance blunted the beneficial effect on in- 
farct size, but positive effects on function, topogra- 
phy and complications persisted. 

(Am J Cardiol 1989;64:581-587) 
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ow dose intravenous nitroglycerin can be used safe- 
ly in acute myocardial infarction (AMI) to im- : 


prove left ventricular function.! Prolonged infu- 


sion for 248 hours has been shown to salvage ischemic. © 
myocardium and decrease creatine kinase indexes of in- 

farct size,4-6 and to limit infarct-related complica- 
tions,™ć including infarct expansion.® Sustained therapy _ 
with organic nitrates for angina pectoris’ and congestive 
heart failure®? results in vascular tolerance with atten- 
uation of hemodynamic, antiischemic and antianginal 
effects. Recently, tolerance has been detected between 
1 and 48 hours of therapy with high dose intravenous 
nitroglycerin in patients with coronary artery disease, 
chronic stable angina and severe heart failure !0!? — 
However, the significance of tolerance during prolonged 
low dose intravenous nitroglycerin therapy in the setting. 
of AMI is not known and was not examined in any de- © 
tail in reported studies.! This study examines the fre- 
quency and clinical impact of tolerance in the patient - 
cohort from the largest reported randomized placebo- 

controlled trial of prolonged low dose intravenous nitro- 

glycerin in AMIS to date. 


METHODS 

Patients: The question of tolerance was examined in 
154 patients with AMI who were given prolonged low 
dose intravenous nitroglycerin therapy in a recent ran- 
domized single-blinded, placebo-controlled study. In- 
clusion criteria were (1) typical prolonged chest pain of 
AMI supported by changes in electrocardiograms and 
cardiac enzymes; (2) clinical Killip class I, IT or IM; (3) 
systolic blood pressure >100 mm Hg; and (4) heart rate 
<120 beats/min. Exclusion criteria were (1) age older 
than 75 years; (2) heart rate <55 beats/min; (3) heart 
block; (4) cardiogenic shock (Killip class IV); (5) severe 
hypertension (blood pressure >200/120 mm Hg) re- 
quiring other therapy; and (6) right ventricular infarc- 
tion syndrome. All patients received standard coronary 
care therapy with bed rest, nasal oxygen, intravenous 
morphine for pain and lidocaine (1 mg/min). 

Nitroglycerin protocol: All patients gave written in- 
formed consent. The protocol for infusion has been re- 
ported elsewhere.® Briefly, solutions were prepared by 
the hospital pharmacy from the powder (Parke-Davis) 
and used within 4 weeks.®° Before use, the solutions were- 
diluted to a final concentration of 60 ug/ml in the buret: — 
with 5% dextrose in water, and administered by way of _ 
an infusion pump and standard intravenous sets, begin- _ 














TABLE I Patient Characteristics on Admission 





Placebo 
(n = 156) 


Nitrogiycerin 
(n = 154) 






Parameter 


Age (yrs) 




















Sex (male) (%) 74 78 
Body surface area (m?) 1940.2 1940.2 
Pain to admission (hrs) 5.34.2 47438 
Pain to therapy (hrs) 8.1441 9046.2 
Anterior AMI (%) 47 42 
inferior AMI (%) 53 58 
Q-wave AMI (%) 85 90 
History of AMI (%) 19 22 
Heart rate (beats/min) 82 +22 79417 













Systolic BP (mm Hg) 130+ 22 135 + 22 
Diastolic BP (mm Hg) 84418 88418 
Mean BP (mm Hg) 100 +18 104418 
HR X mean BP 8.1 +42.5 8.2 42.2 
(mm Hg X beats/min X 103) 
Killip class score 1.7408 1.7408 
Killip class Il and IH (%) 54 53 
SST (mV) 17417 17419 
LV asynergy >25% (%) 64 67 
LV ejection fraction <30% (%) 27 25 





AMI = acute myocardial infarction; BP = blood pressure; LV = left ventricular; SST 
| = sum of ST-segment elevations. 
































< ning at a rate of 5 wg/min. The rate was increased by 5 
to 20 g/min every 5 minutes in the first 30 minutes 
until the mean blood pressure was reduced by 10% in 
normotensive patients and 30% in hypertensive patients 
(blood pressure >140/90 mm Hg) but not <80 mm 
Hg. Mean blood pressure was calculated as (2 X dia- 
stolic pressure + systolic pressure)/3. The infusions 
were continued for at least 48 hours. Blood pressure was 
checked at least every 30 minutes and the infusion rate 
adjusted to maintain the target mean blood pressure. 
The infusions were slowed or temporarily stopped when- 
ever mean blood pressure decreased <80 mm Hg. The 
protocol required gradual tapering and discontinuation 
after 48 hours. However, the infusions were continued 
beyond 48 hours in 42 patients because the attending 
cardiologists felt they were clinically indicated. Toler- 
ance was defined as the need to increase the dose to 
maintain the hemodynamic endpoint after initial titra- 
tion, and labelled “true” if chest pain was absent and 
“apparent” if chest pain was present. This distinction 
was made because of the possibility that the dose might 
be increased, in part, to combat an increase in blood 
<- pressure in association with ischemic chest pain. Nitro- 
glycerin was not given to control pain per se. The 156 
<= patients in the placebo group were given 1 ml/min of 

~ $% dextrose in water over 48 hours. 

Measurements: The serial measurements made be- 
fore, during and after therapy comprised (1) clinical pa- 
rameters, including episodes of recurrent chest pain; (2) 
hemodynamics, including heart rate, blood pressure (by 
sphygmomanometer) and, if clinically indicated, pulmo- 

nary artery wedge pressure and cardiac output by ther- 

modilution flotation catheter; and (3) left ventricular di- 
mensions and volumes by 2-dimensional echocardiogra- 
_ phy, as described previously.° During the first 48 hours, 
or more if infusions were continued beyond 48 hours, all 











parameters were recorded at least twice over 30 minutes 
before therapy, serially 1 to 12 times/hr during therapy 
and at least twice at 1 hour after stopping therapy. Oth- 
er measurements included the sum of ST-segment ele- 
vations (ZST) on electrocardiograms (limb leads and 
16-lead precordial maps), creatine kinase infarct size, 
indexes of left ventricular function and topography on 
echocardiograms.® 

Ischemic chest pain was graded prospectively by a 
numeric score of 0 to 4 (0 = none; 1 = mild; 2 = mod- 
erate; 3 = severe; 4 = very severe). For each patient, 
serial data throughout the infusions were collected for 
the following parameters at 1 to 2 hourly intervals: (1) 
pain score; (2) systolic, diastolic and mean blood pres- 
sure; (3) heart rate; (4) nitrogylcerin dose in ug/min; 
and (5) events such as the number of episodes when 
nitroglycerin had to be temporarily stopped, evidence of 
severe hypotension or other complications. The electro- 
cardiograms and echocardiograms were repeated during 
episodes of refractory ischemic pain. 

Analysis: Data on pain scores, blood pressure, heart 
rate and nitroglycerin dose were graphed for each pa- 
tient on computer (VAX 750) and average graphs were 
generated. Computer-assisted analysis was done for left 
ventricular dimensions, function and topography, as de- 
scribed previously.® 

Statistics: All data were coded and analyzed at the 
end of the study. Analysis for endpoints of nitroglycerin 
versus placebo therapy was done in double-blind fash- 
ion. Individual analysis for tolerance within the nitro- 
glycerin group was done by separate personnel. Statisti- 
cal tests included (1) analysis of variance for the differ- 
ence within a group and multivariate analysis of 
variance for the difference between groups; (2) chi- 
square analysis (with analysis of variance and Yates’ 
correction as needed) for the difference in event fre- 
quency between groups; and (3) repeated measures 
analysis of variance for comparing serial data in each 
group, with Duncan’s multiple range test for comparing 
groups. Results are given as mean + standard deviation. 
Differences were assumed significant for p <0.05. 


RESULTS ` 
Patient characteristics: The pretreatment parame- 
ters were similar for the nitroglycerin and placebo 

groups (Table I), as reported previously.® 
Titration of intravenous nitroglycerin and sensitiv- 
ity: Data during titration suggested differences in dose 


-requirement and sensitivity. Initially, 94 patients were 


normotensive and 60 were hypertensive. The initial de- 
crease in mean blood pressure averaged 13 + 9% for all 
patients but was more for the hypertensive than normo- 
tensive patients (19 + 9 vs 10 + 8%, p <0.001). The 
initial infusion rate needed to achieve the target mean 
blood pressure was 45 + 34 ug/min (range 1 to 192 ug/ 
min) for all patients, more for the hypertensive than 
normotensive patients (54 + 39 vs 39 + 30 ug/min, p 





rior than inferior AMI, this difference was not statisti f 
ly significant oa + 37 yS 41 + 32 2-48) main, p <0.2). 





<0.025). Although the rate was slightly higher for ante- yi" 





















cause the mean blood pressure decreased below the dec- 


~-remental cutoff of 80 mm Hg despite mild doses) in 15. 


patients (10%), of whom 11 (73%) had inferior AMI. 


The infusion was given for 39 + 25 hours (range 1 - 


to 154) and exceeded 12 hours in 89%, 24 hours in 75% 
and 48 hours in 27%. It had to be stopped between 1 


and 3 hours in 5 patients (3%) because mean blood — 


pressure decreased to markedly <80 mm Hg and hypo- 
perfusion developed. In another 14 patients (9%), the 


mean blood pressure decreased to slightly <80 mm Hg. 


between 3 and 12 hours, but the patients remained clini- 
cally stable so that nitroglycerin was continued; 9 of 
these 14 patients (64%) also had inferior AMI. In 2 
other patients with inferior AMI, the infusion had to be 
stopped because of excessive hypotension associated 
with the right ventricular infarction syndrome. In all 7 
patients (5%) in whom nitroglycerin was stopped, blood 
pressure returned to baseline within 5 minutes. Of the 
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-The rate had to be decreased within 30 minutes (be- _ 
min), 10 (91%) had inferior AMI. Detailed analysis of _ 


creased sensitivity in inferior AMI (Table II). 


‘ance was not absolute and did not make a major impact 


glycerin infusion, left ventricular asynergy, dimension o 
and volume were less, and left ventricular ejection frac- 
‘tion was greater, compared with baseline or placebo. 






_prverecetvets, SA 1s more markod ret PO bonta. 


11 patients (7%) whose target blood pressures were 
maintained throughout with a very low dose (<6 ug/ _ 


the infusion in anterior and inferior AMI suggested in- 
Group effects of therapy: The changes in hemody- 

namics, left ventricular function and dimensions for the _ 

2 groups during and after therapy suggested that toler- 


on grouped data (Figure 1). Thus, throughout the nitro- - 


However, mean blood pressure and rate-pressure prod- 
uct were less with nitroglycerin than placebo for up to. 
10 hours but did not differ between 12 and 48 hours, _ 
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FIGURE 2. Changes in pain score, hemodynamics and nitro- 
glycerin dose during prolonged infusion. The dose required to 
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TABLE II Nitroglycerin Dose in Anterior and Inferior 
‘| Infarction Subgroups and Tolerance 


















Inferior 
(n = 90) 


Anterior 
(n = 64) 




























Duration of NTG (hrs) 42 + 26 35 +27 
Dose range (ug/min) 1-192 2-132 
Average dose (ug/min) 50 + 37 41432 
| Average decrease in MAP (%) 1549 12+49* 
Initial hypotensive response (%) 4 (6) 11 (12) 
Later hypotensive response (%) 5 (8) 9 (10) 
Minimal dose (ug / min) 541 541 
Maximal dose (ug/min) 48 + 32 42 +32 
Dose <6 g/min (%) 1(2) 10(11)* 
Dose 6-100 g/min (%) 57 (89) 70 (78) 
Dose >100 g/min (%) 6 (9) 10(11) 
Tolerance suggested (%) 17 (27) 20 (22) 
"Apparent" tolerance (%) 6 (9) 13 (14) 
“True” tolerance (%) 11 (17) 7 (8) 






MAP = mean blood pressure; NTG = nitroglycerin. 
* p <0.05 vs anterior. 


suggesting partial tolerance after 10 hours. Moreover, 
there was a downward trend in blood pressure with pla- 
cebo. Nevertheless, within 1 hour of discontinuing nitro- 
glycerin, there was an increase in mean blood pressure 
(85 + 12 vs 88 + 12 mm Hg, p <0.005), rate-pressure 
product, left ventricular dimension (48 + 6 vs 52 + 4 
mm, p <0.05), and end-diastolic volume (90 + 2 vs 100 
+ 4 mm’, p <0.05); the heart rate was unchanged (83 
+ 18 vs 82 + 16 beats/min, difference not significant). 
In 19 patients in whom pulmonary artery wedge pres- 
sure was measured, it remained decreased during nitro- 
glycerin infusion (20 + 4 vs 14 + 3 mm Hg, p <0.001) 
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and increased within 1 hour of discontinuation (14 + 3 
vs 17 + 4 mm Hg, p <0.025). 

individual analysis and tolerance: The graphed data 
on the pain score, nitroglycerin dose, mean blood pres- 
sure and heart rate for the entire group in Figure 2 indi- 
cate a mild early and progressive increase in dose at a 
time when pain was frequent. Dose adjustments were 
made throughout; the average number was 24 in the 
first 24 hours, 24 between 24 and 48 hours and 76 after 
48 hours (Figure 2). Although a more marked late in- 
crease in dose was needed beyond 80 hours, when pain 
was relatively infrequent, these data only represented a 
few patients (5%). The average data from anterior and 
inferior AMI (Figure 3) indicate that the dose had to be 
increased sooner, beyond 70 hours in anterior AMI (6 
patients), and later, beyond 125 hours in inferior AMI 
(2 patients). The changes in systolic and diastolic pres- 
sure followed closely those in mean blood pressure. 
Thus, the average data suggest mild early attenuation 
and more marked late attenuation of blood pressure re- 
sponse. It is important to note that pain scores were 
higher in later stages, suggesting that antiischemic tol- 
erance might accompany late hemodynamic tolerance. 

Frequency of tolerance: Detailed analysis of 
graphed data in individual patients revealed that the 
mild early attenuation of blood pressure response seen 
in Figure 2 was due mainly to significant hemodynamic 
tolerance in 37 patients (24%) (Table II). Tolerance 
was “true” in 18 patients (12%) and “apparent” in 19 
patients (12%). The frequency of tolerance was 16% by 
10 hours (9 true, 16 apparent) and 22% by 24 hours (18 
true, 16 apparent); 2 more patients became tolerant by 
48 hours (both apparent) and 1 more after 48 hours 
(apparent). The maximal dose was greater in the toler- 
ance than in the no tolerance subgroup, both in the first 
10 hours (60 + 31 vs 27 + 18 wg/min, p <0.001), dur- 
ing which blood pressure was less for the nitroglycerin 
than the placebo group, and beyond 10 hours (90 + 48 
vs 38 + 30 ug/min, p <0.001). The increase in dose (p 
<0.001) also was greater in the tolerance than in the no 
tolerance subgroup (30 + 39 vs 5 + 24 yug/min, p 
<0.001). The greatest increase in dose in the tolerance 
subgroup over the first 48 hours occurred at 11 + 9 
hours (range 1 to 37, 51% after 10 hours) and was 
needed to decrease the mean blood pressure that had 
increased 10 + 7% above the target value after initial 
titration. These parameters were similar for the true 
and apparent tolerance subgroups. Also, the frequency 
of tolerance was similar for anterior and inferior AMI 
(Table II). Higher doses (>100 g/min) in 16 patients 
(10%) (Table II) suggested resistance rather than toler- 
ance. In placebo patients, despite the overall downward 
trend in blood pressure, temporary increases were seen 
in 12% over 48 hours (6% true, 6% apparent). 

Effect of increased sensitivity on infarct size: In the 
14 patients (9%) who showed increased sensitivity but 
remained clinically stable despite a mean blood pressure 
<80 mm Hg (systolic 97 + 8 mm Hg, diastolic 64 +5 


mm Hg; mean 75 + 4) between 3 and 12 hours of the 

























Timing 


Baseline 1 hour 

















Nitroglycerin 


Anterior (n = 64) 31421* 19414 
Tolerance (n = 17) 33 + 23* 21415 
True (n = 11) 34 + 25* 22416 
Apparent (n = 6) 32+ 22* 19413 
No tolerance (n = 47) 31421* 18415 
Inferior (n = 90) 6+5* 343 
Tolerance (n = 20) 6+ 5* 44+3 
True (n = 7) 7+2* 53 
Apparent (n = 13) 7+6* 443 
No tolerance (n = 70) 645* 343 
: All (n = 154) 17 + 19* 10412 
“Placebo 
Anterior (n = 74) 31414 30415 
‘Inferior (n = 82) 544 443 
All (n = 156) 17417 16416 





‘infusion, the decrease in mean blood pressure averaged 

20 + 9%, with a mild dose of only 25 + 4 ug/min 
(range 10 to 35). Creatine kinase infarct size in these 
patients was larger than in the 140 patients with mean 
blood pressure >80 mm Hg (81 + 36 vs 37 + 32 gEq, p 
<0.001) and slightly larger than in the placebo group, 
as reported previously. The beneficial effects on isch- 
emic injury, left ventricular function and topography 
also were blunted in these patients.® 

Effect of tolerance on ischemic injury: Ischemic in- 
jury was persistently decreased by nitroglycerin when 
compared with placebo, both in anterior and inferior 
AMI with or without tolerance (Table ITI). However, 
the decrease was slightly less (difference not significant) 
in tolerant than in no tolerance subgroups. Interestingly, 
the degree of ST-segment elevation was similar in the 
true and apparent subgroups despite. the presence of 
chest pain in the latter subgroup. In addition, the per- 
cent decrease in ischemic injury was similar in apparent 
and true subgroups, indicating that antiischemic toler- 
ance was not an important factor in the apparent sub- 
group. 

Effect of tolerance on limitation of infarct size: The 
beneficial effect of nitroglycerin on infarct size was sim- 
ilarly blunted in true and apparent tolerance subgroups 
(Table IV). Also, the tolerance subgroup failed to show 
significant increase in blood pressure, end-diastolic di- 
mension and volume after nitroglycerin was stopped. 

Effect of tolerance on echocardiographic and clini- 
cal parameters: Tolerance did not have a statistically 
significant negative effect on indexes of function, topog- 
raphy or infarct-related complications (Table V). 

Effect of intermittency during nitroglycerin therapy 
on tolerance: The number of episodes per patient when 
nitroglycerin had to be stopped and restarted during the 
infusion to avoid exceeding the target blood pressure de- 

crease tended to be slightly more in the no. tolerance 
subgroup (Table VI). The duration of the nitroglycerin- 





| TABLE Ill Impact of Tolerance on Ischemic Injury 


* p <0.05 vs subsequent measurements by repeated measures ANOVA; t p <0,001 vs placebo subgroups. ae 
i ST (mV) = sum of ST-segment elevations. ae 


Percent Decreasein ST == | 


24 hours 48 hours 1 hour 24 hours : 


17413 16417 40 + 25t 46 + 36" 
22416 21421 37 419t 394291 i 
21418 23423 33 + 20t 434 24t 
22414 18419 434177 334 34t 
15412 14415 414 27+ 49438t 
242 242 54+ 24 57 +351 
342 3+3 48 + 281 544 36t 
3+3 323 33 + 20° 50.4 40f 
342 342 57.429" 56 + 35t 
242 242 56 + 23t 58+ 351 
8411 8+13 48 + 26T 52 +351 
25414 23414 3433 13443 
343 242 3440 22 +43 
13414 12414 3437 18+ 43 




























TABLE IV impact of Tolerance on Creatine Kinase infarct : 
Size fe 


Infarct size 


(gEq) 








Total NTG group 


Tolerance 37 49435 
True 18 55.447 
Apparent 19 43417 

No tolerance 117 38 + 34* 


Placebo group 


s 


free intervals during the episodes ranged between 30` 
and 120 minutes. These short nitroglycerin-free inter- 
vals might have prevented tolerance. 


DISCUSSION 

Tolerance with low dose intravenous nitroglycerin: 
There are 4 major findings. First, hemodynamic toler- = 
ance during prolonged low dose intravenous nitroglycer- 
in therapy in AMI develops progressively, but is only 
partial and does not abolish all beneficial effects of ther- 
apy. Although group analysis showed equalization of. 
blood pressures in the nitroglycerin and placebo groups 
after 10 hours, the reversal of hemodynamic variables 
after discontinuing nitroglycerin and the persistent ben- 
eficial effects on ischemic injury and multiple biologic 
parameters several days later indicate that hemodynam- 
ic tolerance was not absolute. Whether the downward 
trend in blood pressure with placebo contributed to the . 
equalization is speculative. Furthermore, new group 
analysis of the hemodynamic, dose and pain score pro- 
files for the nitroglycerin group indicated mild, early 
but progressively increasing attenuation of the hypoten- 
sive response that was combated by increasing dose. 2 

Second, the frequency of hemodynamic tolerance 
was actually low. Thus, careful detailed individual anal- 










LVEF at 10 days (%) 


LV asynergy at 10 days (%) 2449 
A infarct segment length (%) 26 + 24 
A infarct segment thickness (%) —17 +11 
Infarct expansion syndrome (%) 15 

LV thrombus (%) 22 
Cardiogenic shock (%) 15 

Infarct extension (%) 22 
in-hospital deaths (%)t 26 







* p $0.05 vs placebo group; t deaths between 1 to 38 days of hospitalization. 
LV = left ventricular; EF = ejection fraction. 


Anterior 
(n= 64) 
Total No. per 
No. Pt 
Total NTG group 23 0.4409 
Tolerance 6 0.3410 
Apparent 1 0.2404 
True 5 0.5412 
No tolerance 17 04409 


No. = number of episodes of stopping and starting the infusion; NTG = nitroglycerin. 
* p <0.05 vs no tolerance subgroup. 


ysis of the hemodynamic, pain score and dose profiles 
: indicated that significant hemodynamic tolerance was 
: found in only 24%, and was true in 12% and apparent in 
12%. Its timing also was early (16% by 10 hours and 
22% by 24 hours). The dose in the tolerance subgroup 
` was 2 times greater and the increase in dose 6 times 
greater compared with the no tolerance subgroup. In 
addition, tolerance became significant at a mean of 11 
hours, when the dose had to be increased to combat a 
10% upward drift in blood pressure. Interestingly, the 
apparent tolerance subgroup did not have more isch- 
emic injury than the true tolerance subgroup, so that 
pain did not correlate well with antiischemic tolerance. 
It is possible that pain and increase in blood pressure in 
the apparent subgroup was due to factors other than 
tolerance. It is also possible that the antiischemic effect 
of nitroglycerin was attenuated in both tolerance sub- 
groups. Furthermore, the frequency of tolerance might 
be even lower because spontaneous increase in blood 
pressure was seen in 12% of the patients given placebo. 
Third, the tolerance subgroup still benefited from 
therapy. Thus, the beneficial effect on infarct size and 
the reversal of hemodynamic effects upon discontinuing 
nitroglycerin were blunted, but positive effects on func- 
tion, topography and infarct-related complications were 
not lost. This suggests that nitroglycerin exerts its bene- 
ficial effect on remodeling in the early stages, before 
hemodynamic tolerance becomes significant. 
Fourth, short nitroglycerin-free intervals, due to the 


a mere stopping and restarting of the infusion to avoid 






TABLE VI Effect of Intermittency During Low Dose Intravenous Nitroglycerin Infusion on Tolerance 





No Tolerance 
(n= 117) 


Tolerance 






49+11* 









16+ 8* 18+ 10* 1346* 
—449* -1 +9* -7 +9* 
4+9* 44+9* 449* 
2* 5* iF 
5* 11* 2* 
5* 5* 4* 
11* 8* 18 
14* 11* 15* 








































Inferior All Patients 

{n = 90) (n = 154) 

Totai No. per Total No. per 

No. Pt No. Pt 

27 0.3408 50 0.3408 
1 0.140.3* 7 0.2 +0.7 
1 0.1403 2 0.1403 
0 0 5 0.341.0 

26 0.4409 43 0.4409 





excessive hypotension, appears to have played a role in 
preventing tolerance. 

Increased nitroglycerin sensitivity versus tolerance: 
Another finding in this study is that increased sensitivity 
was a more serious problem than tolerance. There were 
2 aspects to the problem of increased sensitivity. First, it 
occurred in 31% of patients and 72% of them had inferi- 
or AMI. Second, and more important, in the 9% of pa- 
tients whose mean blood pressure decreased to <80 mm 
Hg between 3 and 12 hours, it resulted in larger infarcts 
compared with placebo and lesser beneficial effect on 
function and topography compared with other patients 
receiving nitroglycerin. In contrast, patients who devel- 
oped tolerance had infarct size similar to the placebo 
group (not greater) and similar beneficial effects on į 
function and topography as those who did not develop 
tolerance. The reason for this might be that the impact 
of hemodynamic sensitivity was operative in the early 
stages of AMI and remodeling, whereas the magnitude 
of hemodynamic tolerance did not become a significant 
factor until 10 hours had passed. 

Safety and efficacy of intravenous nitroglycerin in 
acute myocardial infarction: It is now recognized that 
the dose of nitroglycerin in AMI should be low and ti- 
trated to a discrete hemodynamic endpoint for optimum 
benefit.+° Because responsiveness varies from patient to 
patient, the dose must be individualized.!-6!3-15 Most 
studies used a decrease in mean blood pressure of 10% 
but not <80 mm Hg as endpoint.!~° The dose needed to 
achieve this endpoint varies over a wide range (37.5 to _ 














175 g/min) despite similar blood levels,'® again indi- 
cating differences in sensitivity and resistance. 

In our laboratory, this 10% decremental cutoff was 
based on data in normotensive conscious dogs.!7.!8 Rec- 
ognizing that blood pressure can vary widely at the on- 
set of AMI, we used target mean blood pressure reduc- 
tions of 10% for normotensive patients and up to 30% 
for hypertensive patients in the present study.® The dose 
was greater for the initially hypertensive than normo- 
tensive patient, so that hemodynamic tolerance was not 
present during initial titration. When the dose was in- 
creased to reduce mean blood pressure to levels <80 
mm Hg during AMI in conscious dogs,!® collateral 
blood flow actually decreased and infarct size increased. 
The loss of benefit when blood pressure inadvertently 
decreased below the same decremental cutoff in the pre- 
sent study® emphasizes the need for caution when ad- 
ministering higher doses to patients with AMI, especial- 
ly because multivessel disease is often present. Never- 
theless, cautiously administered low dose nitroglycerin 
appears to be potentially effective therapy for salvaging 

“cardiac muscle, function and geometry in AMI® and for 
reducing mortality. 

Tolerance in other studies: Other randomized clini- 
cal trials of prolonged low dose intravenous nitroglycer- 
in in AMI did not address tolerance.2-5/3-15 Studies 
that reported tolerance with prolonged intravenous ni- 
troglycerin used high doses in settings other than 
AMI.!0-i2 However, those studies!®!? indicated that 
tolerance also develops early during prolonged uninter- 
rupted high dose nitroglycerin infusion. Other uninter- 
rupted nitrate regimens for chronic stable angina’ or 
heart failure? also result in tolerance. 

Mechanism of nitrate tolerance: Two postulated 
mechanisms of tolerance include sulfhydryl deple- 
tion?!22 and neurohumoral activation.23-25 The role of 
these mechanisms in our study is not clear. Both were 
likely to be operative. The fact that interrupted infu- 
sions were more frequent in the no tolerance subgroup 
would favor the sulfhydryl depletion mechanism. Sever- 
al reports favor intermittent dosing to provide nitrate- 
free intervals and prevent tolerance in patients with 
chronic stable angina.’26 Packer et al!? found that toler- 
ance induced by continuous high dose intravenous nitro- 
glycerin in patients with severe heart failure was re- 
versed by a 12-hour off-therapy interval. This study 
suggests that the nitrate-free interval with low dose 
therapy might not need to be as long as 12 hours. Al- 
though vascular resistance might explain why 10% of 
patients in this study needed higher doses, this effect 
could also represent very early tolerance. However, tol- 
erance should not deter the use of low dose nitroglycerin 
therapy in AMI. 
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followed by full anticoagulation on the frequency of 
left ventricular (LV) thrombi after acute myocardial 
infarction (AMI). Nineteen consecutive patients 
with a first anterior wall AMI who received 
1,500,000 IU of streptokinase within 3 hours of 
symptom onset, followed by full anticoagulation, 
underwent echocardiographic studies within 24 
hours of symptoms, and then on days 2, 3, 5, 7, 
12, 30 and 90. Forty-four patients, with compara- 
ble clinical features and echocardiographic protocol 
but without antithrombotic therapy, served as the 
<- -gontrol group. LV thrombi developed in 4 of 19 

(21%) treated patients and in 23 of 44 (52%) con- 
trol subjects (p = 0.02). LV aneurysm or major 
wall motion abnormalities were noted in 8 of 19 
|. (42%) treated patients and in 30 of 44 (68%) con- 
-trol subjects (p <0.05). No significant difference 
was found between treated and untreated patients 
when comparing the incidence of thrombi in the 
subgroups of patients with aneurysm or major wall 
motion abnormalities (3 of 8 vs 21 of 30) and in the 
subgroups with less extensive LV dysfunction. 
Thrombi disappeared during hospitalization in 3 of 
-< -4 treated patients, but in none of the controls. Few- 

er patients treated with intravenous streptokinase 
followed by full anticoagulation developed LV 
thrombi compared to patients treated with conven- 
tional therapy. This difference may be related to a 
reduced occurrence of major LV wall motion abnor- 
malities. Resolution of thrombi frequently occurs in 
the hospital phase of AMI; therefore, only frequent 
echocardiographic examinations can assess the 
true frequency of LV thrombi. 
(Am J Cardiol 1989;64:588-—590) 
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_Influence of Thrombolytic Treatment Followed by 
Full Dose Anticoagulation on the Frequency of 
_ Left Ventricular Thrombi in Acute Myocardial 
Infarction 


Gabriele Lupi, MD, Stefano Domenicucci, MD, Francesco Chiarella, MD, Paolo Bellotti, MD, 
and Carlo Vecchio, MD 


This study evaluated the influence of thrombolysis 


in patients with anterior wall acute myocardial 

infarction (AMI).!-* Previous 2-dimensional 
echocardiographic studies, performed either in patients 
treated with antithrombotic drugs or in untreated pa- 
tients, have examined the incidence, the natural history 
and the potential risk of embolism of intraventricular 
thrombi.>!6 Since systemic thrombolysis became a rec- 
ommended treatment for AMI,!7~!9 few studies have re- 
ported the effects of thrombolytic agents on LV throm- 
bi.2°-23 Data concerning the influence of thrombolysis 
on the occurrence of thrombi, based. on angiographic 
examination or on a limited number of echocardio- 
graphic evaluations, are still controversial. In previous 
articles,’ we demonstrated that repeated ultrasound 
examinations, performed often, may give more accurate 
information regarding the incidence and the evolution 
of thrombi. This study, by means of serial 2-dimension- 
al echocardiograms, evaluates the influence of thrombo- 
lytic treatment followed by full dose anticoagulation on 
the development of LV thrombi in patients with anteri- 
or wall AMI. 


| eft ventricular (LV) thrombi are commonly found 


METHODS 

Selection and characterization of patients: From 
February 1987 to February 1988, 19 consecutive pa- 
tients (16 men, mean age 57 + 10 years) entered the 
study. The selection criteria were admission to the coro- 
nary care unit within 3 hours of onset of typical chest 
pain; ST elevation 22 mm in at least 2 contiguous ante- 
rior precordial leads of the electrocardiogram, unre- 
lieved by intravenous nitroglycerin, and followed by ele- 
vation of serum creatine kinase and creatine kinase-MB 
levels; and no contraindications to thrombolytic therapy. 
Enrollment was stopped in February 1988, when a ran- 
domized multicenter study on fibrinolytic treatment in 
AMI (GISSI 2), involving our institution, was started 
in Italy.” In each patient an electrocardiogram was ob- 
tained at admission, at the end of the infusion of strep- 
tokinase and then every 4 hours in the first 24 hours. 
Sum of ST elevation was calculated on the admission 
electrocardiogram: Creatine kinase and creatine kinase- 


MB levels were measured at admission, every 4 hours . 





within the first 24 hours and then daily until day 4. 


































_ Treatment: Upon admission, every patient received i 2 


minutes. After 6 hours, an initial intravenous bolus of 

- §,000.TU of heparin was injected, and followed by con- 
tinuous infusion; the dosage was adjusted to maintain 
activated partial thromboplastin time at 1.5 to 2 times 
the control values. On day 5, the heparin infusion was 
replaced by oral anticoagulation (warfarin), maintain- 
ing the prothrombin activity within values of 25 to 35%. 
Other conventional medical treatment was administered 
according to standard clinical practice. 

Echocardiography: Two-dimensional echocardio- 
grams were performed with an ATL Mark 300 with a 
mechanical sector scanner (3-MHz transducer) or with 
a Hewlett-Packard 700220 phased-array system (3.5- 
MHz transducer). The echocardiographic images were 
recorded on a Panasonic VHS videotape. In each pa- 
tient ultrasound evaluations were obtained within 24 
hours of symptom onset, daily until day 3 and then on 
days 5, 7, 12, 30 and 90 in the survivors. 

Echocardiographic examinations, following standard 
criteria with regard to the visualization of the LV apex 
and the search for thrombi, were done as previously de- 
"scribed. The analysis of all videotaped echocardio- 
grams in real time, slow motion and stop frame mode 
was performed by 2 independent observers, unaware of 
each other’s interpretation and of the patient’s treat- 
ment group. 

Left thrombi: The diagnosis of LV 
thrombi was based on the detection of an echo-dense 
mass with definite margins, adjacent to asynergic myo- 
cardium and distinguishable from cordal structure, 
muscle trabeculation or false masses resulting from 
technical artifacts. Sensitivity and specificity of ultra- 
sonic diagnosis of LV thrombi in our laboratory, as as- 
sessed by an autoptic series, have been previously re- 
ported. Agreement in diagnosis of thrombi was 100%. 

Analysis of left ventricular wall motion: The method 
of evaluation of LV wall motion abnormalities in pa- 
tients with AMI in our laboratory follows criteria from 
others25:6 and has been previously described.** The 
wall motion index was calculated by the method pro- 
posed by Gibson et al.2© An LV aneurysm was defined 
as a demarcated bulge of the contour of the LV wall 
during both diastole and systole that demonstrated 
akinesia or dyskinesia.” 

Control group: A group of 44 patients (36 men, 
mean age 60 + 12 years) with a first anterior wall AMI 
who received conventional therapy, but no antithrom- 
botic or thrombolytic drug, served as control subjects. 
They were part of a population of 109 patients undergo- 
ing serial echocardiograms for a prospective evaluation 
of LV thrombosis. The only entry criterion for these 
patients in the present study was that they were admit- 
ted to the coronary care unit within 3 hours of symptom 
onset. 

Statistical analysis: Continuous data are expressed 
as mean + standard deviation; differences between pro- 
_.. portions were assessed with the chi-square test. 





Comparability of the groups: At the time of admis- 


the 2 groups of patients had similar clinical fea- 


— THE 

























































tures. Particularly, no significant difference was present 
in age, sex distribution or sum of ST elevation; a Killip 
class >II was present in 1 control subject. ae 

Left ventricular thrombi: LV thrombi were observed 
in 4 of the 19 (21%) patients in the streptokinase group — 
and in 23 of the 44 (52%) patients in the control group — 
(p = 0.02). oe 

During hospitalization, thrombi disappeared in 3 of 
the 4 (75%) treated patients, but in none of the control 
subjects. The fourth streptokinase-treated patient had a 
reinfarction and underwent a new thrombolytic admin- 
istration; this treatment significantly modified the ana- 
tomic features of the thrombus, which, however, was. 
still present at the last examination. Loe 

Left ventricular wall motion abnormalities: A differ- 
ence was found in the incidence of LV aneurysms or — 
major wall motion abnormalities (wall motion index 
>0.55). It was significantly higher in the control (30 of — 
44, 68%) versus the treated group (8 of 19, 42%; p- 
<0.05). ee 

Relation between left ventricular thrombi and left _ 
ventricular wall motion abnormalities: We compared — 
the incidence of thrombi in the subgroups of patients — 
with aneurysms or major wall motion abnormalities. - 
There was no significant difference between the control 
and the streptokinase groups (21 of 30 vs 3 of 8, respec- _ 
tively, p >0.1). Moreover, the occurrence of thrombi m. 
the subgroups of patients with a less extensive segmen- 
tal LV dysfunction (wall motion index <0.55 without: 
aneurysm) was similar in the control and the streptoki- _ 
nase-treated groups (1 of 14 and 1 of 11, respectively). 

Embolisms: In the control group 1 patient showed — 
clinical evidence of lower limb embolism. No embolic - 
complication or major bleeding occurred in the treated 
patients. 


DISCUSSION : 

The main limitation of the studies on the effects of 
streptokinase on LV thrombi is the lack of a prospec- — 
tively randomized design. At present, however, random- 
ization of patients with AMI to streptokinase treatment 
or to nonthrombolytic conventional therapy is consid- 
ered unethical, given the effectiveness of streptokinase 
in reducing mortality.!7!9 In some previous studies,0?! 
patients admitted later to the coronary care unit, in 
whom the administration of thrombolytic therapy was 
not indicated, made up the control group. We preferred 
to use part of a previously studied group of patients un- 
treated with antithrombotic or thrombolytic drugs as 
the control group. They were selected on the basis of the 
time of hospital admission; thus, we were able to assess 
the different incidence and evolution of LV thrombi de- 
tected in 2 groups of patients who were clinically com- 
parable until the time of hospital admittance. The only 
difference was treatment with streptokinase followed by 
full dose anticoagulation. 

Previous studies have reported controversial results 
about the effectiveness of systemic thrombolysis in pres 
venting LV thrombosis after AMI. The series reported 
by Eigler et al? showed a significant reduction in the 
incidence of LV thrombi. In contrast, a recently repor 
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_ ed study by Held et al?! in a larger population of pa- 
_ tients described only a favorable but nonsignificant 
trend. Our study demonstrates that in patients with an- 
‘terior wall AMI treated with intravenous streptokinase, 
followed by full dose anticoagulation, the occurrence of 
_ LV thrombi is significantly lower than in patients treat- 
ed with conventional therapy and no antithrombotic 
drug. 
© Streptokinase may reduce the incidence of LV 
thrombi by 2 mechanisms?!: (1) direct lysis or inhibition 
` of thrombosis over a damaged endocardium and (2) re- 
duction of the infarct size, with smaller areas of necrotic 
endocardium, limited systolic dysfunction and relatively 
lower blood stasis. Even if the 2 mechanisms cannot be 
so clearly differentiated, our results suggest that the lat- 
ter mechanism plays a predominant role. In fact, a sig- 
nificantly lower occurrence of severe myocardial dys- 
function was seen in the group of treated patients, in 
whom the incidence of thrombi was also lower. No sig- 
nificant difference in the detection of thrombi was 
found when comparing those patients of the 2 groups in 
whom LV aneurysm or major LV wall motion abnor- 
malities had developed. This result disagrees with other 
previously published data on the possible determinants 
of thrombosis.”° In particular, in the population de- 
scribed by Eigler et al, the number of segments with 
severe wall motion abnormalities was the same in treat- 
ed and untreated patients who showed a different inci- 
dence of thrombi. However, we gave a higher dosage of 
streptokinase to our patients, and it could have led to a 
larger salvage of myocardium. 
On the other hand, in our treated patients, 75% of 
the thrombi disappeared during the hospital stay. More- 
over, in 2 cases thrombi appeared more than 48 hours 
after AMI, and resolved after 4 and 5 days, respective- 
ly. This observation, which may be related to the full 
dose anticoagulation,’ suggests that only echocardio- 
graphic examinations, performed at frequent intervals 
during the hospital phase, can assess the real incidence 
of the phenomenon. Therefore, differences in thrombi 
occurrence compared to other investigators may be due 
also to different echocardiographic protocols. 
One patient with thrombus in the thrombolytic 
group underwent repeat thrombolytic administration for 
a reinfarction. One may question if there is a possible 
increased risk of embolization due to thrombolytic 
treatment in patients with LV thrombus. The available 
data” at the time of our study were not consistent with 
this hypothesis. 
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SUDDEN CARDIAC DEATH: 
New Research, New Implications 


The first two programs in this four-part mini-series examine 
the value of aggressive emergency response for victims 

of potentially lethal arrhythmias and the importance of 
ventricular arrhythmia classification in patient management. 
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m Ready-to-eat cholestyramine bar— 

no mixing, no mess 

m Smooth, pleasant caramel and raspberry flavors- 

m Judged more convenient than cholestyramine resin 
powder by the majority of patients** 

m Reduced total cholesterol 21% (311 mg/dL to 
246 mg/dL) and LDL’ cholesterol 32% (230 mg/dL to 
156 mg/dL)’ 

m One CHOLYBAR (4 g cholestyramine) equals one 
packet or one scoop of cholestyramine resin powder 
m Initial dose: 1 bar BID; maintenance dose: 

I 3 bars i as an adjunct to diet and exercise 
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Cholybar® 
(Cholestyramine Resin Bar) 


Before prescribing, please see full prescribing information. 
Brief Summary follows. 


INDICATIONS AND USAGE 
Holybar (cholestyramine resin bar) is indicated as adjunctive therapy to diet for 
e reduction of elevated serum cholesterol in patients with primary hypercholester- 
emia (elevated low-density lipoprotein [LDL] cholesterol) who do not respond 
‘adequately to diet. Cholestyramine resin may be useful to lower LDL cholesterol in 
‘patients who also have hypertriglyceridemia, but it is not indicated where hypertri- 
yceridemia is the abnormality of most concern. 
Dietary therapy specific for the type of hyperlipoproteinemia is the initial treatment 
of choice. Excess body weight may be an important factor, and caloric restriction for 
Weight normalization should be addressed prior to drug therapy in the overweight. 

heuse of drugs should be considered only when reasonable attempts have been 
made to obtain satisfactory results with nondrug methods. If the decision ultimately is 
to.use drugs, the patient should be instructed that this does not reduce the 
importance of adhering to diet. 
2) Cholestyramine resin is indicated for the relief of pruritus associated with partial 
iliary obstruction. Cholestyramine resin has been shown to have a variable effect on 
Serurn: cholesterol in these patients. Patients with primary biliary cirrhosis may exhibit 
elevated cholesterol level as part of their disease. 
~-CONTRAINDICATIONS 
Cholybar is contraindicated in patients with complete biliary obstruction where bile is 
not secreted into the intestine and in those individuals who have shown hypersensi- 

ity to.any of its components. 
ECAUTIONS 

General: Before instituting therapy with Cholybar, diseases contributing to increased 
blood cholesterol such as hypothyroidism, diabetes mellitus, nephrotic syndrome, 
dysproteinernias and obstructive liver disease should be looked for and specifically 
treated. A favorable trend in cholesterol reduction should occur duri ng the first 
month of cholestyramine resin therapy. The therapy should be continued to sustain 
cholesterol reduction. If adequate cholesterol reduction is not attained, cholestyra- 
mine resin therapy should be discontinued. 
Chronic use of cholestyramine resin may be associated with increased bleeding 
tendency due to hypoprothrombinemia associated with vitamin K deficiency. This will 
usually respond promptly to parenteral vitamin K, and recurrences can be pre- 
vented by oral administration of vitamin K,. Reduction of serum or red cell folate has 
been reported over long-term administration of cholestyramine resin. Supplementa- 
n with folic acid should be considered in these cases. 
< There is a possibility that prolonged use of cholestyramine resin, since itis a 
chloride form of anion exchange resin, may produce hyperchloremic acidosis. This 
would especially be true in younger and smaller patients where the relative dosage 
may be higher. 
-= Cholestyramine resin may produce or worsen preexisting constipation. Dosage 
_ Should be reduced or discontinued in such cases. Fecal impaction and aggravation 
of hemorrhoids may occur, Every effort should be made to avert severe constipation 
and its inherent problems in those patients with clinically symptomatic coronary 
artery disease, 


Anformation for Patients: 
‘Inform your physician if you are pregnant or pian to become pregnant or are 
breast feeding. 

2. Cholestyramine resin may bind other drugs. Therefore, take other drugs at 
least one hour before or 4-6 hours after Cholybar (or at as greatan interval as 
possible) to avoid impeding their absorption. 

3. Chew each bar thoroughly. 

4. Drink plenty of fluids. 



























Laboratory Tests: Serum cholesterol levels should be determined frequently during 
he first few months of therapy and periodically thereafter. Serum triglyceride levels 

should be measured periodically to detect whether significant changes have 

occurred. 

The LRC-CPPT showed a dose-related increase in serum triglycerides of 10.7-17.1% 

nthe cholestyramine-treated group, compared with an increase of 7.0-11.7% in the 

_ placebo group. Based on the mean values and adjusting for the placebo group, the 

cholestyramine-treated group showed an increase of 5% over pre-entry levels the first 

< year of the study and an increase of 4.3% the seventh year. 

Drug Interactions: Cholestyramine resin may delay or reduce the absorption of con- 

‘omitant oral medication such as phenylbutazone, warfarin, chlorothiazide (acidic), 

wellas tetracycline, penicillin G, phenobarbital, thyroid and thyroxine prepara- 
_ tions, and digitalis. The discontinuance of cholestyramine resin could posea hazard 


olestyramine resin 


(Cholestyramine Resin Bar) 


concomitant supplementation with water-miscible (or parenteral) forms of vitamins A 
and D should be considered. i 
SINCE CHOLESTYRAMINE RESIN MAY BIND OTHER DRUGS GIVEN CONCUR- 
RENTLY, PATIENTS SHOULD TAKE OTHER DRUGS AT LEAST ONE HOUR BEFORE % 
OR 4-6 HOURS AFTER CHOLYBAR (OR AT AS GREAT AN INTERVAL AS POSSIBLE) Í 
TO AVOID IMPEDING THEIR ABSORPTION. 
Carcinogenesis, Mutagenesis and Impairment of Fertility: in studies conducted in 
rats in which cholestyramine resin was used as a tool to investigate the role of various 
intestinal factors, such as fat, bile salts and microbial flora, in the development of 
intestinal tumors induced by potent carcinogens, the incidence of such tumors was 
observed to be greater in cholestyramine-resin-treated rats than in control rats. The 
relevance of this laboratory observation from studies in rats to the clinical use of 
cholestyramine resin is not known. In a large, placebo-controlled, multiclinic study, 
the Lipid Research Clinics Coronary Primary Prevention Trial (LRC-CPPT), the total 
incidence of fatal and nonfatal neoplasms was similar in both treatment groups. 
When the many different categories of tumors are examined, various alimentary 
system cancers were somewhat more prevalent in the cholestyramine group. The 
smail numbers and the multiple categories prevent conclusions from being drawn. 
However, in view of the fact that cholestyramine resin is confined to the GI tract and 
not absorbed, and in light of the animal experiments referred to above, further follow- 
up of the LRC-CPPT participants is planned for cause-specific mortality and cancer ~r 
morbidity. 
Pregnancy: Since cholestyramine resin is not absorbed systemically, itis not 
expected to cause fetal harm when administered during pregnancy in recommended 
dosages. There are, however, no adequate and well-controlled studies in pregnant 
women, and the known interference with absorption of fat soluble vitamins may be 
detrimental even in the presence of supplementation. 
Nursing Mothers: Caution should be exercised when Cholybar is administered toa 
nursing mother. The possibie lack of proper vitamin absorption described in the 
“Pregnancy” section may have an effect on nursing infants. 
Pediatric Use: As experience in infants and children is limited, a practical dosage 
schedule has not been established. The effects of long-term drug administration, as 
well as its effect in maintaining lowered cholesterol levels in pediatric patients, are 
unknown. 
ADVERSE REACTIONS 
The most common adverse reaction is constipation. When used as a cholesterol- 
Jowering agent, predisposing factors for most complaints of constipation are high dose 
and increasec age (more than 60 years old). Most instances of constipation are mild, 
transient, and controlied with conventional therapy. Some patients require a 
temporary decrease in dosage or discontinuation of therapy, 
Less Frequent Adverse Reactions: Abdominal discomfort, flatulence, nausea, 
vomiting, diarrhea, heartburn, anorexia, indigestive feeling and steatorrhea, bleeding d 
tendencies due to hypoprothrombinemia {vitamin K deficiency) as well as vitamin A E 
{one case of night blindness reported) and D deficiencies, hyperchloremic acidosis in 
children, osteoporosis, rash and irritation of the skin, tongue and perianal area. One 
ten-month-oid baby with biliary atresia had an impaction presumed to be due to 
cholestyramine resin after three days administration of 9 grams daily. She developed 
acute intestinal sepsis and died. 

Occasional calcified material has been observed in the biliary tree, including 
calcification of the gallbladder, in patients to whom cholestyramine resin has been 
given. However, this may be a manifestation of the liver disease and not drug related. 

One patient experienced biliary colic on each of three occasions on which he took 
cholestyramine resin. One patient diagnosed as acute abdominal symptom complex 
was found to have a “pasty mass” in the transverse colon on x-ray, 

Other events (not necessarily drug related) reported in patients taking 
cholestyramine resin include: 

Gastrointestinal—Gi-rectai bleeding, black stools, hemorrhoidal bleeding, 

bleeding from known duodenal ulcer, dysphagia, hiccups, ulcer attack, sour taste, 

pancreatitis, rectal pain, diverticulitis. 

Hematologic—Prolonged prothrombin time, ecchymosis, anemia. 





Hypersensitivity—Urticaria, asthma, wheezing, shortness of breath. j 
Musculoskeletal—Backache, muscle and joint pains, arthritis. Į 
Neurologic—Headache, anxiety, vertigo, dizziness, fatigue, tinnitus, syncope, ` 
drowsiness, femoral nerve pain, paresthesia. 

Eye— Uveitis. 


Renal—Hematuria, dysuria, burnt odor to urine, diuresis. 
Miscellaneous—Weight loss, weight gain, increased libido, swollen glands, edema, 
dental bleeding. 
OVERDOSAGE 
Overdosage of cholestyramine resin has not been reported. Should overdosage occur, 
however, the chief potential harm would be obstruction of the gastrointestinal tract. The 
location of such potential obstruction, the degree of obstruction, and the presence or 
absence of normal gut motility would determine treatment. 
Caution—Federal law prohibits dispensing without prescription, 
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Prevalence of Silent Myocardial Ischemia 
in Survivors of Cardiac Arrest 


Murray P. Whitaker, MD, and David S. Sheps, MD, MSPH 


The prevalence and type of ischemia (silent vs pain- 
ful) in survivors of cardiac arrest not associated 
with acute myocardial infarction were studied to 
test the hypothesis that survivors may have an 
increased prevalence of silent ischemia. Of 48 sur- 
vivors of cardiac arrest over a 4-year period who 
had undergone exercise testing, 24 met inclusion 
criteria. These 24 subjects had documented ven- 
tricular fibrillation and coronary artery disease 
proven by cardiac catheterization or a previous 
electrocardiographic pattern of myocardial infarc- 
tion. Thirteen of 24 (54%) had a positive treadmill 
stress test (> 1.0 mm flat or downsloping ST de- 
pression). The mean resting left ventricular ejection 
fraction was 43%. Nine of 11 patients (82%) who 
had exercise radionuclide studies performed had 
ischemic abnormalities (<5% increase in left ven- 
tricular ejection fraction with new or worsened wall 
motion abnormalities). Thus, 16 of 24 (67%) had a 
positive treadmill stress test or radionuclide ven- 
triculogram. Only 1 of 16 (6%) had painful isch- 
- emia (p <0.001 relative to an even distribution of 
painful vs painless ischemia). Thus, survivors of 
cardiac arrest have a high prevalence of exercise- 
induced ischemia, and in most the ischemia is 
silent. 

(Am J Cardiol 1989;64:591-593) 
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cise-induced painless myocardial ischemia in sur- 

vivors of. out-of-hospital ventricular fibrillation. 
However, there is little information regarding the preva- 
lence and significance of silent ischemia in survivors of | 
cardiac arrest,” and only a few studies have investigated 
the presence of provokable ischemia in these patients: 
We performed this retrospective analysis of patients re- _ 
ferred to our medical center with the diagnosis of cardi-. - 
ac arrest unrelated to acute myocardial infarction to 
characterize and assess the presence of painless myocar- 
dial ischemia in this population. 


C S harma et al! demonstrated the presence of exer- 


METHODS A 

Study patients: We reviewed the medical records of _ 
the North Carolina’ Memorial Hospital and the clinical 
electrophysiology service of the division of cardiology 
for 1984 through 1987. Eligible patients included those _ 
who had a discharge diagnosis of cardiac arrest or ven- ~ 
tricular fibrillation clinically unassociated with acute | 
myocardial infarction and who had undergone treadmill. 
or radionuclide ventriculographic stress testing. All sub- 


jects had evidence of obstructive coronary disease by 
coronary arteriography, history and electrocardiograph- = 
ic evidence of myocardial infarction or prior history of 


angina pectoris requiring antianginal therapy. Exclusion _ 
criteria included presence of significant aortic valvular 
disease, chronic diabetes mellitus, prior documented: 


sustained ventricular tachycardia, severe left ventricular 
dysfunction at rest (left ventricular ejection fraction __ 
<20%) or history of acute myocardial infarction within 


1 week of the event. 


Sixty-three patients with coronary artery disease had : ;; 
a diagnosis of cardiac arrest due to ventricular fibrilla- 


tion during the study period. Of this number, 39 had 
21 exclusionary criteria: ventricular fibrillation related 
to acute myocardial infarction in 12, significant aortic 
disease in 2, severe left ventricular dysfunction in 6; no 
stress test performed due to inability to exercise in 13; 
chronic diabetes mellitus in 2; and prior documented 
sustained ventricular tachycardia in 4 patients. Thus, 24 
patients met inclusionary criteria and had undergone 
stress testing shortly before or soon after the episode of 
cardiac arrest (within 1 week). There were 21 men and 
3 women with an average age of 60 (range 42 to 74). 
Twenty-three of 24 (96%) underwent treadmill exercise 
electrocardiographic testing and 12 of 24 (50%) had a 
radionuclide ventriculographic stress test performed. _ 
The left ventricular ejection fraction was assessed in 23 
of 24 (96%) with a mean of 43%. Coronary arteriogra= . 
phy was performed in 21 of the 24 patients (88%). 
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TABLE I Clinical, Hemodynamic and Angiographic Data 


















No. of 
CAs 
Age Ejection Stress Narrowed 
(yrs), SMI Fraction ETT RNV >50% in Painful 
Pt Sex Type* (%) Result Result Diameter Ischemia 
1 74,M 2 + — 3 0 
2 59,M 3 + + 2 0 
3 58,F 2 + — 2 0 
4 44M 3 — + 2 ie) 
5 62,M 3 + + 3 0 
6 59,M 1 + — 3 0 
7 73M 2 + + 3 0 
8 64M 2 + + 1 0 
9 62,M 2 — + 1 (0) 
49,F 1 69 + — 1 0 
70,F 1 55 — + 1 0 
59,M 2 59 + — 2 0 
55,M 2 48 + — 2 0 
56,M 3 45 + + 3 0 
60,M 2 32 + + 3 0 
§3,M 1 55 + — 3 + 
42,M 3 37 — — 3 0 
71M 3 — 0 — — 0 
72,M 2 37 0 0 — 0 
69,M 2 36 — — 3 0 
62,M 2 28 0 — 1 (6) 
46,M 2 48 — cer 2 o 
59,M 2 45 0 — 3 0 
65,M 2 37 — — — 0 






* Silent myocardial ischemia (SMI) types: 1 = asymptomatic; 2 = asymptomatic 
with prior myocardial infarction; 3 = angina.” 

CAs = coronary arteries; ETT = exercise treadmill test; RNV = radionuclide ventric- 
ulogram; + = present; O = absent; — = not evaluated. 



































oo Stress tests: Treadmill exercise tests were per- 

formed using the modified (3 patients) or the standard 
(21 patients) Bruce protocol. All patients underwent 
symptom-limited exercise except for 2 who stopped due 
to hypotensive responses. 

Before exercise, 12-lead electrocardiograms were ob- 
tained in the supine position, standing and after 30 sec- 
onds of hyperventilation. Patients were exercised on a 
- motorized treadmill (Quinton model 18-60 or Mar- 

+ quette Case II) and leads II, aVF and V; were continu- 
ously monitored using a Marquette series 6500 scope 
and treadmill control. Twelve-lead electrocardiograms 
were printed out using a Marquette MAC I cart or 

Case II device for each minute during exercise and for 
the first 5 minutes of recovery or until the baseline state 
‘was achieved. Blood pressure was monitored by the cuff 
sphygmomanometric technique at rest, at 2 minutes of 
each stage of exercise and during the recovery period. 

All tests were interpreted in a prospective manner by 
one of us (DSS). A positive test result was defined as at 
least 1.0 mm of horizontal or downsloping ST-segment 
depression 80 ms after the J point in 3 consecutive 
beats. A decrease in systolic blood pressure of 210 mm 
Hg during exercise was also a criterion for a positive 
test result. 

Stress radionuclide ventriculography was performed 
-in the supine position on a Quinton bicycle ergometer 

using a graded exercise protocol. The same methods as 






















just described were used in electrocardiographic moni- 
toring, 12-lead acquisition, heart rate and blood pres- 
sure monitoring as well as exercise endpoints. Double 
product (heart rate X systolic blood pressure) was cal- 
culated during exercise with a value of at least 25,000 
considered optimal. 

Left ventricular ejection fraction was calculated 
from the modified left anterior oblique position using a 
semiautomated region of interest program and periven- 
tricular background subtraction method.56 Using the 
cine closed-loop format, radionuclide ventriculograms 
were visually assessed for resting and stress-induced 
wall motion abnormalities. 

Criteria for a positive test consisted of an abnormal 
ejection fraction response (<5% increase in ejection 
fraction with exercise; markedly abnormal response was 
a 25% decrease in ejection fraction during stress) or 
a new wall motion abnormality or worsening of a pre- 
existing one. The right anterior oblique and modified 
left anterior oblique images were each divided into 5 
segments for visual wall motion assessment (right ante- 
rior oblique = anterior, anteroapical, apical, inferoapi- 
cal and inferior; modified left anterior oblique = septal, 
septoapical, inferoapical, lateroapical and lateral). Each 
segment was described as normal, hypokinetic (mild, 
moderate or severe), akinetic or dyskinetic and recorded 
in the medical record as consistent or inconsistent with 
provokable myocardial ischemia. 

Both left and right coronary arteriograms were per- 
formed in 22 of 24 patients using the standard Judkins 
approach and stenotic lesions were considered signifi- 
cant if there was 270% diameter stenosis. Single or bi- 
plane contrast ventriculography was also performed at 
the same time and ejection fraction quantitated by stan- 
dard area-length formula. 





RESULTS 

Table I lists exercise hemodynamic data, catheter- 
ization data and silent ischemia classification for the 24 
patients who survived cardiac arrest.’ All of these pa- 
tients had had a prior documented episode of ventricu- 
lar fibrillation and coronary artery disease subsequently 
proven by cardiac catheterization or a previous myocar- 
dial infarction shown by electrocardiogram. 

Thirteen of the 24 (54%) had a positive treadmill 
test (at least 1 mm of flat or downsloping ST-segment 
depression). 

Nine of the 11 patients (82%) who underwent exer- 
cise radionuclide ventriculography showed ischemic ab- 
normalities. Eight patients had both an abnormal ejec- 
tion fraction response and the development of a new 
wall motion abnormality with stress. In 1 patient the 
study was positive based only on the development of a 
new wall motion abnormality during exercise. 

Thus, 16 of the 24 patients had evidence of exercise- 
induced ischemia by either treadmill or radionuclide 
ventriculographic testing. Only 1 of the 16 patients 
(6%) had painful ischemia and the remainder had silent 
ischemia. This. difference is statistically significant (p 





-<0.001) using the binomial distribution with the null 
hypothesis: stating an even distribution of painful versus 
painless ischemia. 


DISCUSSION 

Most patients who die suddenly are thought to die of 
ventricular fibrillation.8-!! The common substrate for 
arrhythmia in such patients has been assumed. to be 
ischemia.!213 

Several clinical studies are pertinent. Savage et al!4 
reported that of 14 patients who had died suddenly 
while wearing an electrocardiographic monitoring de- 
vice, 9 (64%) demonstrated marked ST depression or 
elevation indicative of myocardial ischemia.'* Thus, 
ischemia appeared to be the substrate precipitating car- 
diac arrest in at least a portion of these patients. 
Sharma et al! classified 15 survivors of out-of-hospital 
ventricular fibrillation as asymptomatic or symptomatic 
based on whether or not they had a history of angina or 
myocardial infarction before cardiac arrest. Both groups 
had >70% diameter coronary artery stenosis. Patients 
performed supine exercise testing while they underwent 
cardiac catheterization. No patient had angina during 
exercise, but 12 of 15 had ST-segment depression and 
11 had abnormal ventricular wall motion. These find- 
ings suggest a link between cardiac arrest and asymp- 
tomatic exercise-induced ischemia. 

Bayes de Luna et al! recently reviewed data from 
patients who had ambulatory cardiac arrest while wear- 
ing Holter monitors. The reported incidence of ischemic 
ST changes was low (12 to 26%) but ST changes were 
not mentioned in many of the reports. These reports 

“may understate true prevalence. of ischemia precipitat- 
ing fatal arrhythmias either because of failure to note 
ST-segment changes or because the monitoring devices 
could not adequately detect ischemia. 

We reviewed our hospital records for all eligible pa- 
tients who had experienced out-of-hospital cardiac ar- 
rest over 4 years. Eligible patients consisted of those 
who had a discharge diagnosis of cardiac arrest or ven- 
tricular fibrillation clinically unassociated with acute 
myocardial infarction, and had undergone treadmill or 
radionuclide ventriculogram exercise stress testing. Our 
results were very similar to those of Sharma et al.' The 


vast majority of patients who were able to undergo exer- 
cise testing had asymptomatic ischemia. Only 1 (6%) of 
our 16 patients with exercise-induced ischemia had 

painful ischemia. This was much lower than expected in 
patients with stable coronary artery disease, for whom 
the reported prevalence of painful ischemia is roughly 
40 to 60%. 
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. phology, inferiorly directed frontal plane QRS axis 
and repetitive nonsustained salvos were used to de- 
fine a discrete subgroup of patients with ventricular 
tachycardia (VT). The origin of this tachycardia 
- was thought to be the right ventricular outflow 
tract. Twenty-six patients with this definition 
(group 1) were compared with 29 consecutive pa- 
tients with all other forms of VT (group 2). When 
compared with patients in group 2, group 1 pa- 
tients were younger (average age 37 vs 51 years, p 
<0.005), had less structural heart disease (2 of 26 
vs 25 of 29 patients, p <0.005) and had a better 
prognosis (no deaths) after an average follow-up 
time of 28 months in comparison with 5 deaths af- 
ter an average follow-up of 35 months (p <0.05). 
Induction of VT was possible using isoproterenol 
infusion in 14 of 20 group 1 patients, but no VT 
could be induced in 9 group 2 patients (p <0.05). 
<- Exercise stress testing induced VT in 11 of 21 
. group 1 patients and 2 of 9 group 2 patients (p 
>0.05). Programmed electrical stimulation failed to 
induce VT in 9 group 1 patients, but did induce it in 
15 of 20 group 2 patients (p <0.005). Successful 
therapy in group 1 patients was achieved by 6 
blockers alone (7 patients), 8 blockers plus type 1A 
antiarrhythmic drugs (9 patients), procainamide 
alone (2 patients), sotalol (3 patients) and amioda- 
rone (2 patients). Three patients were not treated. 
Evaluation of the relation of the initiating coupling 
interval to the first tachycardia interval permitted 
insight into the mechanism. Most had an inverse 
relation, suggesting that triggered automaticity 
may he the mechanism of this arrhythmia. 
(Am J Cardiol 1989;64:594-598) 
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- Nonsustained Ventricular Tachycardia Arising 
from the Right Ventricular Outflow Tract 


Alec H. Ritchie, BSc, Charles R. Kerr, MD, FRCPC, Anzhen Qi, MD, 
and John A. Yeung-Lai-Wah, MB, ChB, FRCPC 


Characteristics of left bundle branch block mor- 














































manifestation of overt heart disease, such as cor- 

onary artery disease with previous myocardial in- 
farction or cardiomyopathy. Thus, it is generally con- 
strued as having a poor prognosis. Attempts at catego- 
rizing VT into subgroups with different clinical and 
prognostic features have been previously proposed.!-® 
Suggestions that certain subgroups of VT may be rela- 
tively benign have been questioned.*-? Most cases of VT 
originate in the left ventricle, but a variety of tachycar- 
dias from the right ventricle have been described.23:8.!0- 
14 Among the arrhythmias from the right ventricle is 
one demonstrating left bundle branch block configura- 
tion and an inferiorly directed frontal plane axis. This 
morphology of VT has formed a subgroup of several 
reports, has been suggested to arise from the right ven- 
tricular outflow tract and frequently occurs without evi- 
dence of underlying heart disease.236:8.14-17 The present 
study used the electrocardiographic pattern of VT with 
left bundle branch block configuration and inferiorly di- 
rected frontal plane axis, and the occurrence of nonsus- 
tained runs (duration <30 seconds) as the criteria for a 
subgroup of VT patients. The morphologic characteris- 
tics suggested origin in the right ventricular outflow 
tract or possibly high in the ventricular septum. Data 
from this group were then reviewed and compared with 
a group of patients with VTs of different morphologies 
and duration. An attempt was thus made to establish 
recurrent, nonsustained VT with this morphology as a 
distinct subclassification of VT with its own set of clini- 
cal characteristics. 


Vines tachycardia (VT) is most frequently a 


METHODS 

Patient selection: Patients with a particular mor- 
phology of VT presenting to the arrhythmia service of a 
tertiary care teaching hospital from 1982 to 1986 com- 
prised group 1 of this study. Entrance criteria for each 
group 1 patient included (1) documented VT by electro- 
cardiographic, esophageal or intraatrial electrocardio- 
graphic evidence of ventriculoatrial dissociation; and (2) 
sufficient electrocardiographic documentation during 
VT so that the QRS morphology could be identified to 
be of left bundle branch nature with an inferiorly direct- 
ed frontal plane axis. VT was defined as =3 consecutive 
ventricular complexes of the same morphology. All pa- 
tients had 21 nonsustained episodes of VT (<30 sec- 
onds). 

Group 2 included a comparable number of patients 
presenting consecutively to the same hospital with all 













nongistained. 
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Procedure: A careful history of symptoms occurring 
_ during VT was obtained. Patients underwent echocardi- 
ography and/or right and left ventricular and coronary 
angiography to establish the presence or absence of or- 
ganic heart disease. For both groups, concomitant heart 
disease consisted of any structural abnormality except 
mitral valve prolapse without regurgitation and bicuspid 
aortic valve. These abnormalities were often equivocal 
and, for the purpose of this study, were thought to be 
noncontributory to the arrhythmia. 

Of the patients in group 1, 21 underwent exercise 
stress testing, 20 underwent an infusion challenge with 
isoproterenol and 9 underwent programmed electrical 
stimulation studies. The isoproterenol infusion study 
was performed under electrocardiographic monitoring. 
Isoproterenol infusion was started at 0.5 „g/min and 
increased until the sinus rate accelerated to 120 to 130 
beats/min. The isoproterenol was then discontinued and 
observations were made for arrhythmia induction. The 
programmed electrical stimulation was performed from 
the right ventricular apex using a quadripolar pacing 
catheter. Single, double and triple extrastimuli were in- 
troduced at pacing cycle lengths of 600, 500 and 400 
ms. Comparison of patient population characteristics 
was performed using chi-square analysis. 

In group 1 patients, the mechanism of the arrhyth- 
mia was evaluated. The initiation of VT was analyzed 
in 9 patients who showed multiple spontaneous initia- 
tions of VT with variable initial coupling intervals over 
a period when the heart rate was relatively stable. The 
initiating coupling interval between the last regularly 
conducted QRS complex and the first ventricular pre- 
mature beat (RV2) was compared with the first cycle 
length of the tachycardia (V2V3) (Figure 1). Both inter- 
vals also were corrected for the baseline sinus cycle 
length and expressed as a ratio to the mean of the 5 
immediately preceding spontaneous sinus cycle lengths 
(RR). The absolute and corrected values for the first 
tachycardia cycle (V2V3, V2V3/RR) were plotted 
against the absolute and corrected initiating intervals 
(RV2, RV2/RR). The relation was analyzed using lin- 
ear regression analysis. A positive correlation suggests 
triggered automaticity as a mechanism of arrhythmia, 
whereas an inverse relation suggests reentry.!*-2! 

The response to drugs was assessed by whatever 
means the arrhythmia could be induced, including re- 
peat exercise testing, repeat isoproterenol infusion chal- 
lenge or repeat 24-hour ambulatory monitoring. 


RESULTS 

Patient population: A total of 55 patients were stud- 
ied, 26 with the special-criteria VT in group 1 and 29 
patients with other forms of VT in group 2. Their data 
are listed in Table I. Group 1 patients were significantly 
younger than their group 2 counterparts (p <0.005). 
Seven patients in group 1 were found to be very athletic, 
participating in regular, strenuous, physical activity, 
whereas only 1 patient in group 2 was noted to be ath- 

etic (p <0.05). 
ents in group 1 had significantly less structural 
ease than group 2 patients (p <0.005). Sixteen 


TABLE I Demographic and Clinical Comparison of Groups `: : 


Group 1 
(n = 26) 


37 +14 
2 (8) 


(n= 29): 


51+ 16t 
25 (86)? 


Parameter 


Age* (yrs) 

Heart disease present (%) 

Signs and symptoms 
Lightheadedness /presyncope (%) 
Palpitations (%) 

Anginal-type symptoms (%) 
Syncope (%) 
Shortness of breath (%) 
Diaphoresis (%) 
Fatigue (%) 
Asymptomatic (%) 
Nausea (%) 
Congestive heart failure (%) 
Heart rate 

during VT* (beats/min) 

Induction method 
Isoproterenol challenge (%) 
Exercise stress test (%) 
Programmed electrical stimulation (%) 

Follow-up 
Time* (mos) 28 +15 35416 
No. of deaths o 5t 


* Mean + standard deviation; t p <0.005; * p <0.05. 


15 (52) 
14 (45) 
11 (38) 
9(31) 
4(14) 
3 (10) 
3 (10) 
o (0) 
13) 
13) 
183 + 40 


14 (58) 

15 (58) 
7 (27) 
4(15) 
2 (8) 
2(8) 
1(4) 
3 (12) 
1(4) 
1 (4) 

165 + 28 


14/2070) 0(0)' 
11/21 (52) 


0/9(0) 15/2075)" | 





group 1 patients had no identifiable structural cardiac 
abnormality and 8 had minor abnormalities considered 
noncontributory. One had what appeared to be a trabe- 
culated pouch near his right ventricular outflow tract, 
visualized on right ventricular angiogram. Although a 
definitive diagnosis was not made, this may have repre- 
sented some form of arrhythmogenic right ventricular 


dysplasia. The other group 1 patient had what was re- 


ported to be a cardiac arrest during a cesarean section 
and was later defined to have a mild postpartum cardio- -< 
myopathy. She had no symptoms of VT before the de- - 
livery and began to experience palpitations and docu- 
mented short runs of VT after her child’s birth. Thus, 
only 2 patients (8%) of group 1 had potentially contrib- 
uting structural disease. By comparison, 86% of patients 
in group 2 had significant ventricular abnormalities. 
These predominantly included coronary artery disease 
and previous myocardial infarction with scars or aneu- 
rysms. 

Characteristics of ventricular tachycardia: The 2 


groups did not differ significantly in most characteris- 


FIGURE 1. Coupling intervals used to analyze the mechanism 
of ventricular » The QRS complexes during sinus 
are labeled R and the sinus cycle length is RR. The. 
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associated with their VT. There was no difference sufficient spontaneous episodes of VT to permit right 

the frequency of syncope or lightheadedness, aware- ventricular endocardial mapping during spontaneous y 

ness of palpitations or shortness of breath. The heart VT. The site of the earliest electrical activation was the __ 

tate during VT was not significantly different. right ventricular outflow tract. In 1 of these patients, 

_ The programmed electrical stimulation did not in- pacing from the right ventricular outflow tract pro- 
duce VT in any of the 9 group 1 patients in whom this duced a QRS morphology that was very similar to the 

was attempted, compared with 75% of 20 patients in spontaneous VT (Figure 2). 

group 2 (p <0.005). In 2 patients in group 1, there were Exercise testing and isoproterenol infusion challenge 
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FIGURE 2. Comparison of QRS 
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induced VT in 52.and 70%, respectively, of the patients 
in group 1 (Figure 3). Nine patients in group 2 under- 
_ went exercise testing and 2 developed VT with exercise. 
Nine underwent isoproterenol infusion during electro- 
physiologic testing. Tachycardia did not arise spontane- 
ously in any of them, whereas in 4 the induction of VT 
by programmed stimulation was facilitated. Exercise 
testing and isoproterenol challenge, therefore, may be a 
successful means of precipitating the VT in group 1 pa- 
tients. 

According to the study’s criteria, all group 1 patients 
exhibited nonsustained VT with the previously de- 
scribed morphology. However, 2 patients had, in addi- 
tion, episodes of sustained VT. One of them experienced 
only lightheadedness as his most significant symptom 
during sustained VT, which converted to sinus rhythm 
after lidocaine infusion and has not required electrical 
cardioversion. The other patient exhibited moderate hy- 
potension during sustained VT. She required cardiover- 
sion once with direct current countershock and twice 
was given intravenous propranolol, with a resultant con- 
version to sinus rhythm. 

One patient in group 2, with previous myocardial in- 
farction, had monomorphic VT of left bundle branch 
morphology and an inferiorly directed axis. However, 
this man did not fit the criteria for group 1 because his 
episodes of VT were always sustained and repeatedly 
required electrical conversion. His electrocardiogram 
during sinus rhythm showed left bundle branch block 
morphology. 

Another common morphologic finding in group 1 
patients was discordance among leads I, aVL and V5 
(Figure 3). In 23 of 26 patients in group 1, leads I and 
aVL were negative or isoelectric whereas Ve was posi- 
tive. This suggests that the origin of the VT was high in 
the thorax, leading to a negative deflection in the high 
lateral leads and a positive deflection in Vs. The nature 
of the morphology appeared to be very consistent and 
strongly suggested a single entity for most of these 
tachycardias. 

Analysis of coupling intervals: The initiating cou- 
pling intervals were evaluated in 9 patients in group 1. 
The average number of initiations of tachycardia ana- 
lyzed in each patient was 13. In each patient, 2 analyses 
were made (V2V3 vs RV, and V2V3/RR vs RV2/RR). 
Twelve graphs in 7 patients had a statistically signifi- 
cant relation (p <0. 05). Ten graphs (in 6 patients) had 
positive slopes and 2 in the same patient had negative 
slopes. In the remainder the fit was not significant (p 
>0.05). The regression characteristics of the corrected 
coupling interval data were generally consistent with 
those of the uncorrected data. Figure 4 shows 2 such 
curves in 2 patients. 

Drug therapy: Successful drug therapy was defined 
as a cessation of spontaneous VT and the inability to 
induce the clinical VT by exercise tests or by the isopro- 
terenol infusion challenge or both. Treatment was still 
deemed effective when some ventricular ectopic activity 

thi i, <3 consecutive ventricular premature complex- 
ed. Single drugs were largely unsuccessful in 
ntrol of YTi in those o patente: Beta-blocker 


therapy alone was of some value in that it provided suc 
cessful therapy in 50% (7 of 14) of the patients in whom 
it was used, but type I antiarrhythmics (2 of 24), ve 
pamil (0 of 5) and propafenone (0 of 3) alone were. 
dom effective. Although given to only 3 patients, sotalo 
provided successful therapy in all 3. In contrast to their 
relative ineffectiveness when given separately, successful 
therapy was seen in 9 of 10 patients in whom a 6 


blocker and a type I antiarrhythmic drug were given _ 


concurrently. No other drug combinations were found — 
to be effective in controlling VT in this group of pa- 
tients. Amiodarone was required to control VT in 2 pa- 
tients. Three patients who had 3- to 4-beat runs of VT 
that did not cause cerebral symptoms were untreated. 
Final control was achieved by 6 blockers alone (7 pa- 
tients), procainamide (2 patients), 8 blockers plus type I 
antiarrhythmic drugs (9 patients), sotalol (3 patients) — 
and amiodarone (2 patients). 

Follow-up: Of the 26 patients in group 1, all are 
alive and well at an average follow-up time of 28 + 15 


80 
RV>/RR 


e092 
p<0.005 











































‘months. Twenty-three still receive antiarrhythmic drugs 
_ for control of symptoms. After an average follow-up of 
-. 35 + 16 months, 5 patients in group 2 have died (p 
<0.05). 


DISCUSSION 

We have defined a distinct subgroup of nonsustained 
VT that has a characteristic left bundle branch block 
morphology and inferiorly directed frontal plane axis. In 
addition, it is inducible with catecholamines and is usu- 
ally not associated with underlying heart disease. The 
prognosis appears good, although therapy is frequently 
necessary due to symptoms. The morphology of VT is 
the same as that described in benign ventricular prema- 
ture beats.2223 Thus, this arrhythmia may be 1 extreme 
of this well-documented ventricular ectopic focus. 

Some insights into the mechanism of this arrhyth- 
mia have been obtained from evaluation of the initiating 
sequence of the VT. It has been suggested that triggered 
automaticity results in a direct relation between the ini- 
tiating interval and the first interval of the VT.!8-2!.24 
Reentry arrhythmias show an inverse relation between 
the initiating interval and the first sustaining interval of 
the tachycardia. The results of our study showed a di- 
rect relation, suggesting that triggered automaticity 
may be responsible for the salvos of tachycardia. Previ- 
ous studies investigating this relation have used pro- 
grammed stimulation, whereas in our study the prema- 
ture ventricular depolarization is spontaneous. Extrapo- 
lation from paced to spontaneous depolarizations may 
. hot be necessarily valid. Thus, whereas the mechanism 
proposed is possible, it must be considered speculative. 

Thus, a possible etiology of this type of VT is an 
ectopic automatic focus in the right ventricular outflow 
tract, likely parasystolic in nature. The parasystolic na- 
ture is suggested by variability of the premature inter- 
vals. This parasystolic pacemaker focus may be en- 
hanced by catecholamine stimulation. At maximal cate- 
cholamine stimulation (such as during maximal exercise 
or maximal isoproterenol infusion), the rapid sinus rate 
and consequent ventricular depolarization would mask 
the parasystolic focus. As the sinus rate decelerates, the 
parasystolic ectopic focus may remain enhanced by the 
catecholamines, leading to more frequent manifestation 
of its activity. This parasystolic focus, in turn, would 
initiate a triggered automatic rhythm. The fact that the 
< „morphology of the premature ventricular ectopy is the 
same as the VT supports the concept that both arise 
from the same site. Programmed stimulation during iso- 
proterenol infusion would not induce the arrhythmia be- 
cause of unidirectional block preventing the stimulus 
from the right ventricular apex from penetrating the 
parasystolic focus and inducing triggered automaticity. 
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Intravenous Amiodarone for the Rapid Treatment 
of Life-Threatening Ventricular Arrhythmias 
in Critically Ill Patients with Coronary Artery 

Disease 
Robert P. Ochi, BA, Irvin F. Goldenberg, MD, Adrian Almquist, MD, Marc Pritzker, MD, 


Simon Milstein, MD, Wes Pedersen, MD, Fredarick L. Gobel, MD, 
and David G. Benditt, MD 


This study examined the effectiveness of intra- 
venous amiodarone for rapid control and prevention 
of recurrent life-threatening ventricular tachyar- 
rhythmias associated with cardiovascular collapse. 
in 22 critically ill patients with coronary artery dis- 
ease (mean ejection fraction 27 + 13%), recurrent 
ventricular tachyarrhythmias proved refractory to 
3.7 + 1.1 (mean + standard deviation) conventional 
antiarrhythmic drugs. In the 24-hour period before 
intravenous amiodarone treatment, patients experi- 
enced 2.4 + 2.3 (range 1 to 9) episodes of life- 
threatening ventricular tachycardia, ventricular fi- 


5. brillation or both, requiring 4.0 + 3.9 direct current 


cardioversions. Within the 24 hours after initiation 
of intravenous amiodarone therapy (900 to 1,600 
mg/day), 20 of 22 patients remained alive and had 
1.1 + 1.6 episodes of life-threatening ventricular 
arrhythmias, requiring 1.9 + 3.1 direct current 
cardioversions. in the second 24-hour period, there 
were 19 survivors and life-threatening 
arrhythmias were reduced to 0.4 + 0.7 episode/ 
patient requiring 0.4 + 0.9 direct current cardio- 
version. Overall, arrhythmias were controlled in 11 
of 22 (50%) patients within the first 24 hours, and 
in 14 of 22 (64%) in the second 24 hours. intra- 
venous amiodarone therapy was well tolerated. 
Twelve patients were discharged from the hospital 
and 8 remained alive at a mean follow-up of 22 + 
14 months. Thus, in critically ill patients, intrave- 
nous amiodarone may be useful for rapid control of 
spontaneous, refractory, life-threatening ventricu- 
lar tachyarrhythmias. 

(Am J Cardiol 1989;64:599-603) 
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ral administration of amiodarone is often effec- 
tive for suppression of ventricular tachyarrhyth- 
mias.'~6 However, the prolonged period of time 


usually required to obtain this beneficial effect often -- 


precludes its use for immediate treatment of recurrent 
sustained ventricular tachycardia, fibrillation, or both. 
On the other hand, rapid achievement of “therapeutic” 
plasma amiodarone concentrations is possible by means 
of infusion of its parenteral form.”* Although the effica- 
cy of intravenous amiodarone for preventing inducible 


ventricular arrhythmias has been studied in the electro- 


physiology laboratory,°-!4 only a few reports have as- 
sessed the effectiveness of this agent for the emergent 
control of spontaneous, refractory, ventricular arrhyth- 


mias.!5-!9 Consequently, this study examined the useful- 


ness of intravenous administration of amiodarone. for 
prompt treatment and prevention of recurrent life- 
threatening ventricular tachyarrhythmias in critically ill 
patients. 


METHODS 


Patient population: Medical records of all patients > 


receiving intravenous amiodarone were reviewed. Only 


patients with coronary artery disease and 21 episodes 


of a ventricular tachyarrhythmia associated with cardio- 
vascular collapse, for which emergent therapy was re- 
quired (direct current countershock, precordial thumps, — 
overdrive pacing) within 24 hours before administration 
of intravenous amiodarone, were included in this study. 
Arrhythmias were classified into 2 groups. The first 
group comprised patients with unstable ventricular 


tachycardia or ventricular fibrillation that was sus- _ 


tained, life-threatening and associated with cardiovascu- 
lar collapse. When this arrhythmia occurred, the patient 
was unconscious and the arrhythmias required immedi- ` 
ate therapeutic intervention for the patient’s survival. — 
All patients had multiple episodes of this type of ar- 
rhythmia. In the second group were patients with sus- 
tained and symptomatic ventricular tachycardia. With 


this arrhythmia the patient was always conscious. The . o 
ventricular tachycardia had a duration of 210 beats 


and was associated with 21 of the following symptoms: 
hypotension, congestive heart failure, diaphoresis, palpi- 
tations, shortness of breath or lightheadedness. 
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| TABLE I Clinical Characteristics 


























No. of pts 22 
Sex (M/F) 12/10 
Age (yrs) 

Mean + SD 64413 

Range 34-79 
Ejection fraction (%) 

Mean + SD 27413 

Range 12-57 
Antiarrhythmic drugs failed 

Mean + SD 3741.1 

Range 2-6 
Lidocaine 22 
Procainimide 21 
Bretyliurn 17 
Quinidine 9 
Phenytoin 3 
Disopyramide 1 
Flecainide 2 
Amiodarone (oral) 2 
Mexilitene 1 






SD = standard deviation. 


Treatment protocol: Informed consent was obtained 
from the patient or the patient’s family before adminis- 
tration of intravenous amiodarone. Amiodarone was 
typically administered as a bolus (average 4 to 6 mg/ 
kg) followed by a constant infusion. In view of reports 
indicating that transient hypotension may occur with in- 
travenous administration of amiodarone,”°-2? the hemo- 
dynamic status (primarily blood pressure) of each pa- 
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tient was carefully monitored during drug infusion. 
Variations in the amiodarone dose reflected differences 
in hemodynamic response during drug administration. 
In most patients, previously administered antiarrhyth- 
mic agents were continued during the initial phase of 
intravenous amiodarone loading. 

Statistics: The Fisher’s exact test, chi-square test 
and unpaired Student f test were used when comparing 
responders to nonresponders. A p value <0.05 was con- 
sidered significant. All values are listed as mean + stan- 
dard deviation. 


RESULTS 

Clinical features: Of 65 patients who received intra- 
venous amiodarone from April 1983 to March 1987, 22 
patients (12 men and 10 women, ages 64 + 13 years) 
met selection criteria. Table I lists the patient character- 
istics. All patients had ischemic heart disease. Twenty 
of the patients sustained myocardial infarctions (2 
acute, 18 remote), and in 2 additional patients coronary 
artery disease was documented by arteriography. Left 
ventricular aneurysms were present in 12 patients. Six 
patients had first-degree atrioventricular block, 2 had 
left bundle branch block and 1 had right bundle branch 
block during sinus rhythm. Ejection fraction was mea- 
sured by nuclear gated blood pool study, contrast ven- 
triculography or echocardiography. The mean ejection 
fraction was 27 + 13% (range 12 to 57). Seventeen pa- 
tients had severe congestive heart failure requiring ther- 
apy during their hospital admission. 

Hospital course before intravenous amiodarone 
therapy: Patients were hospitalized for 7 + 8 days 
(range 1 to 28) before initiation of intravenous amioda- 
rone therapy. During this period, all patients had multi- 
ple, recurrent episodes of ventricular tachyarrhythmias 
associated with cardiovascular collapse. These ventricu- 
lar arrhythmias were refractory to 3.7 + 1.1 (range 2 to 
6) antiarrhythmic drugs (Table I). In the previous 24 
hours before intravenous therapy, patients were exposed 
to a mean of 2.6 + 0.9 antiarrhythmic drugs (Table II). 
In all patients, intravenous amiodarone was given within 
15 hours of the last ventricular arrhythmia resulting in 
cardiovascular collapse, or an average of 4.5 + 4.9 
hours. In the 24 hours before intravenous amiodarone 
administration, patients had a mean of 2.4 + 2.3 (range 
1 to 9) episodes of life-threatening and hemodynamical- 
ly unstable ventricular tachycardia, ventricular fibrilla- 
tion or both that required direct current cardioversion 
4.0 + 3.9 times/patient (Figure 1). Episodes of sus- 
tained symptomatic ventricular tachycardia not requir- 
ing immediate therapy were seen in 11 of the 22 pa- 
tients, averaging 0.7 + 0.9 episode/patient. 

Intravenous amiodarone administration: Fifteen pa- 
tients received initial bolus infusions of amiodarone in 
doses ranging from 200 to 480 mg (mean dose 346 + 
74), or an average of 4 to 6 mg/kg over 5 to 60 minutes 
(mean 33 + 21). The patients then received. a continu- 
ous infusion of 900 to 1,600 mg/day (mean 921 + 162) 
of amiodarone for 4.3 + 3.4 days (range 1 to 17).. The 


total daily dose and duration of therapy varied depend- 













ing on effectiveness of arrhythmia suppression and pa- 
tient tolerance of the medication. 
Hospital course after intravenous amiodarone ther- 
apy: In 19 patients, 1.6 + 1.0 (range 1 to 3) antiar- 
rhythmic drugs that had previously failed to prevent 
life-threatening arrhythmias were maintained during 
the first 24 hours after intravenous amiodarone admin- 
istration (Table II). In 2 patients, orally administered 
amiodarone therapy (6 and 5 days’ duration) had failed 
to suppress arrhythmias before initiation of intravenous 
therapy. In 15 patients, treatment with 800 to 1,200 
mg/day of oral amiodarone was initiated simultaneous- 
ly or within 1 to 3 days after initiation of intravenous 
therapy. 

Within the first 24 hours after initiation of amioda- 
rone infusion, single or combined episodes of hemo- 
dynamically unstable and life-threatening ventricular 
tachycardia and ventricular fibrillation that required 
immediate treatment decreased to 1.1 + 1.6 episodes/ 
patient, requiring 1.9 + 3.1 direct current cardiover- 
sions (Figure 1). The number of patients who experi- 
enced episodes of sustained symptomatic ventricular 
tachycardia not requiring immediate cardioversion de- 
creased from 11 to 5, for an average of 0.4 + 0.8 epi- 
sodes/patient. In 11 patients, there were no further re- 
currences of hemodynamically unstable and life-threat- 
ening ventricular tachycardia, ventricular fibrillation or 
both during this time period. By the second day of ami- 
odarone infusion, single or combined episodes of life- 
threatening ventricular tachycardia and ventricular fi- 
brillation requiring immediate therapy decreased to 0.4 
“+ 0.7 event/patient. Concurrently, the number of direct 
current shocks delivered decreased to 0.4 + 0.9 times/ 
patient. Sustained symptomatic ventricular tachycardia 
not requiring immediate intervention was seen in only 2 
patients, for an average of 0.2 + 0.5 episode/patient. 
Hemodynamically unstable and life-threatening ventric- 
ular tachycardia, ventricular fibrillation or both were 
suppressed in 14 patients for this time period. 

Patients were hospitalized for an average of 30 + 20 
days (range 1 to 106) after initiation of intravenous 
amiodarone. Two patients died in the first 24 hours and 
1 patient died in the second 24 hours due to drug fail- 
ure. Five other patients died of an arrhythmia 6, 12, 13, 
20 and 37 days after intravenous amiodarone adminis- 
tration. Two patients who had their arrhythmia con- 
trolled died due to progression of their heart failure af- 
ter 3 and 9 days of therapy. Neither the presence of 
congestive heart failure nor a left ventricular aneurysm 
predicted the response to intravenous amiodarone. In 
addition, responders had ejection fractions similar to 
those of nonresponders (27 + 16 vs 27 + 17%, respec- 
tively, difference not significant). 

Side effects: Bradycardia, atrioventricular block or 
significant hypotension did not occur during amioda- 
rone infusion in these patients. In particular, of the 16 

-patients who received the initial bolus of intravenous 
amiodarone, none developed significant hypotension 
systemic blood pressure <90 mm Hg). Preexisting con- 
e heart failure did worsen in 2 patients 3 and 9 


TABLE Hi Concomitant Drug Therapy Administered Before 7 
and After Intravenous Amiodarone. | 
Hours to Intravenous Amiodarone Therapy 
Se ag a A a cn 
48 Hours 24Hours 24Hours 48 Hours 
Before Before After After 


Drug 
Lidocaine 
Procainamide 
Bretylium 
Quinidine 
Phenytoin 
Flecainide 
Tocainide 
Amiodarone (oral) 
Amiodarone 

(intravenous) 

Drug therapy ! 
Mean + SD 2.0+£09 164£1.0*% 1540.9*% | 
Range 1-4 0-3 0-3 ies 


SD = standard deviation. ’ ; 
days after initiation of intravenous amiodarone treat- 
ment. Thrombophlebitis or inflammation at the infusion 
site was avoided due to administration of intravenous 
amiodarone through a central venous catheter in most 
patients. 

Long-term follow-up: Of the 22 patients in this 
study, 10 did not survive to hospital discharge (8 died 
due to an arrhythmia recurrence, 2 died due to the pro- 
gression of underlying heart failure). The remaining 12- 
patients were followed for an average of 22 + 14 __ 
months (Figure 2). Five patients had recurrence of life- 
threatening ventricular tachyarrhythmias. Two of these 
patients died, 2 underwent subendocardial resection and _ 
aneurysmectomy, and 1 patient underwent orthotopic 
cardiac transplantation. Two additional patients died, 1 
due to pacemaker failure and the other from a myocar- 
dial infarction. The role, if any, that amiodarone may 
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FIGURE 2. Line graph shows patient mortality after intra- 
venous amiodarone therapy over time measured initially in 
days and later in months. Twelve patients survived to 
hospital discharge. a : 














































< have had in affecting the pacemaker threshold in the 
-patient with pacemaker failure is unknown. The re- 
-< maining 5 patients are alive, have no evidence of symp- 
tomatic arrhythmias and are being treated with oral 
amiodarone (400 to 600 mg/day). 


DISCUSSION 
This study demonstrates that intravenous amioda- 
rone may be effective for the rapid control and preven- 
tion of spontaneously occurring refractory ventricular 
tachyarrhythmias associated with hemodynamic insta- 
bility in critically ill patients. Alone or in combination 
with previously unsuccessful antiarrhythmic drug thera- 
pies, we achieved prompt suppression of life-threatening 
arrhythmias in 64% of the study population within 48 
hours of initiation of intravenous amiodarone therapy. 
Despite the severely depressed left ventricular function 
of the patients treated, adverse hemodynamic effects 
from amiodarone administration were not encountered 
in the majority of this study population. 
Although numerous small reports support the hy- 
pothesis that intravenous amiodarone provides antiar- 
rhythmic effects soon after the start of an infusion,2?-25 
only a small number of critically ill patients similar to 
ours have been included in any of these trials. 
Mostow et al*4 reported a significant reduction in 
complex ventricular arrhythmias 24 to 48 hours after 
the initiation of an amiodarone infusion. Holt et al? 
reported that a bolus of amiodarone (5 mg/kg) resulted 
in suppression of ventricular tachyarrhythmias (mainly 
nonsustained ventricular tachycardia) in 14 of 16 pa- 
tients. Further evidence supporting the concept that in- 
travenous loading reduces the latent period preceding 
arrhythmic control was reported by Kerin et al,25 who 
demonstrated that the time to suppression of ventricular 
arrhythmias was shorter in 10 patients treated with in- 
travenous and oral loading versus 10 patients treated 
with oral loading alone. 
There are only a few reports examining the useful- 
ness of intravenous amiodarone for control of life- 
threatening arrhythmias in critically ill patients. Leak!’ 
reported the use of intravenous amiodarone in 7 patients 
with recurrent ventricular tachycardia or ventricular fi- 
brillation. Control of the ventricular tachyarrhythmias 
was attained in 6 of these patients. Morady et al!’ re- 
ported the use of intravenous amiodarone in 15 patients 
with ventricular tachycardia, of whom 13 had charac- 
teristics similar to those required by our selection crite- 
ria. In 10 of these patients, arrhythmias were success- 
fully controlled with intravenous amiodarone. In addi- 
tion, Installe et al!> treated 5 patients with ventricular 
tachycardia, ventricular fibrillation or both. Intravenous 
amiodarone controlled the arrhythmia in 4 of these pa- 
tients. A brief report!® of 2 patients with ventricular fi- 
brillation controlled by intravenous amiodarone also 
supports its application for the immediate management 
of ventricular tachyarrhythmias. 

Potential adverse effects: Parenteral administration 
of amiodarone has been associated with hypoten- 
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sion.”-22 Due to its negative inotropic effects, caution 
has been advised when administering it to patients with 
severe cardiac failure. Nevertheless, despite the poor left 
ventricular function of our study population, clinically 
significant hypotension did not occur. This may be due 
in part to the relatively slow rate of the bolus injection 
(average 33 + 21 minutes). On the other hand, 2 of our 
patients did die of intractable congestive heart failure. 

Clinical implications: Our experience suggests that 
intravenous amiodarone may be useful for the rapid 
control and prevention of hemodynamically unstable, 
refractory ventricular tachyarrhythmias in extremely 
ill patients. Furthermore, parenteral administration of 
amiodarone can usually be well tolerated by critically ill 
patients, even in the presence of poor left ventricular 
function. Because of the high recurrence of life-threat- 
ening ventricular arrhythmias in these patients after dis- 
charge (5 of 12, 42%), one should consider them as can- 
didates for automatic implantable cardioverter defibril- 
lator, arrhythmia surgery, or both. 
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identity normotensive adults with a predisposition 
to arterial hypertension by monitoring blood pres- 
sure (BP) and restricting dietary sodium intake. 
Short-term restriction in sodium intake resulted in 
a decrease of the mean level for the circadian 
rhythm of BP. The phenomenon is visible in sub- 
jects without familial hypertension but not in indi- 
viduals with a positive history for high BP. The re- 
sponse of the 24-hour BP patterns to abrupt sodi- 
um deprivation seems to be an indicator for 
discovering normotensive subjects at risk of 
developing arterial hypertension. 

(Am J Cardiol 1989;64:604-608) 
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Hypertension 
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Twenty clinically healthy subjects were studied to 


pressure (BP) has been extensively investigated 

in hypertensive subjects,'~ but less so in normo- 
tensive subjects.’-? According to the responsiveness to 
dietary sodium manipulations, persons with essential 
hypertension have been divided into 3 subgroups: salt- 
sensitive, non-salt-sensitive and paradoxically salt-sensi- 
tive.!%-12 This study explores whether salt-sensitive and 
non-salt-sensitive subjects can be identified in the ab- 
sence of hypertension to select normotensive individuals 
with a predisposition to develop high BP. 


Tr relation between dietary salt intake and blood 


METHODS 

The study was conducted in 20 clinically healthy 
subjects (10 men and 10 women; 20 to 25 years old) by 
exploring the 24-hour BP patterns under controlled con- 
ditions of synchronization. All subjects gave written in- 
formed consent. 

Subjects were classified as normotensive according 
to casual values of systolic and diastolic BP below 140/ 
85 mm Hg on at least 3 occasions. Clinical data are 
summarized in Table I. The 24-hour BP patterns were 
monitored in each subject by means of a noninvasive 
automated device (model Omega 1000, Invivo Research 
Laboratories), programmed for a sphygmomanometric 
measurement (oscillometric technique) every 60 min- 
utes with the inflatable cuff attached to the upper non- 
dominant arm. The BP monitoring was made at home 
with the subjects recumbent in bed throughout the 24- 
hour span. The supine posture was begun at least 8 
hours before the monitoring. Usually, the recumbency 
was taken the evening before the 24-hour BP recording 
(first measurement at 7:00 am.). Subjects were syn- 
chronized to light-dark alternance that was scheduled at 
7:00 am. (lights on) and at 11:00 P.. (lights off). Meals 
were consumed at 8:30 aM. (breakfast), 12:00 P.M. 
(lunch) and 6:30 P.M. (dinner). 

Seven days before the restriction in dietary sodium, 
subjects were asked to eat a diet with a normal content 
of sodium (120 to 140 mEq/day) and potassium (50 to 
70 mEq/day). The restriction in dietary sodium at 10 to 
20 mEq/day lasted for 7 days. The 2 conditions of sodi- 
um intake have been conventionally known as habitual 


-sodium and restricted sodium intake. In both habitual _ 


and hour BP m 


ricted sodium intakes, th 












































ing was made on the last day of each dietary sodium 
“regimen. The calorie intake was constantly taken at 25 

_kcal/Kg of ideal weight, supplied by 3 g/kg of carbohy- 
drates, 0.8 g/Kg of lipids and 1 g/kg of proteins. No 
significant changes in body weight were observed in all 
subjects under this dietary regimen. 

Time-qualified data were statistically processed by 
detemporalizing the numerical series to investigate the 
distribution in central location and frequency domain. 
The detemporalized data were investigated in their bi- 
variate Gaussian distribution and explored by bivariate 
discriminant analysis to determine the effects of salt re- 
striction.!9 

In a second statistical analysis, time-qualified data 
were analyzed by chronobiologic procedures. The sin- 
gle-cosinor method!4 was applied on an individualized 
basis to validate the occurrence of a 24-hour periodicity 
in each time data series, and to estimate the rhythmo- 
metric parameters in terms of mesor (rhythm-adjusted 
mean), amplitude (half of the total extent in the sinusoi- 
dal fluctuation), and acrophase (timing of the sinusoidal 
crest related to local midnight). The rhythmometric es- 
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TABLE I Most Prominent Characteristics of Subjects 
Investigated 


Dietary Sodium Intake 


Characteristics Habitual Restricted p Value 


Observations 20 20 
Body weight (Kg) 6547 6546 
Casual blood pressure (mm Hg) 

Systolic 

Diastolic 
Serum sodium (mEq /liter) 
Serum potassium (mEq /liter) 
Urinary sodium 

(mEq/24 hours) 
Urinary potassium 

(mEq/24 hours) 


NS = difference not significant for p value at the Student t test between habitual 
and restricted sodium intake. 


11545 
7543 
14242 
4242 
107 £10 


11344 
7142 
14143 
4343 
1143 


4545 4843 


timates were summarized by means of the population- ` 
mean cosinor to describe the rhythmic phenomenon for: 
the group.!5 The statistical difference between the 


rhythmometric properties was investigated by means of 


the Hotelling t2 test, a multivariate analysis for vector-. 
ial units and directional data.!6 


RESULTS ee 
Figure 1 shows the 24-hour profiles of systolic and _ 


diastolic BP in subjects with normal and restricted sòdi- = 
um intake. The time-qualified data show a variability _ 


along the 24-hour span in both conditions. A statistical- 
ly significant difference of the 24-hour means was found 
in systolic BP, but not in diastolic BP. 








FIGURE 2. Bivariate Gaussian distribution of time-qualified . 
values of systolic (S) and diastolic (D) blood pressure (BP) 
monitored in normotensive subjects on normal (A) and re- 








TABLE i Multivariate Analysis* 


Amplitude Acrophase 









p(Hvs R) 






p (H vs R) 





Systolic blood pressure 
NF 115 104 <.01 4.95 5.21 NS —254 ~232 NS 
PF 118 110 NS 5.55 5.50 NS ~250 ~238 NS 

‘p.(NF vs PF) NS NS NS NS NS NS 

Diastolic blood pressure 
“NF 71 67 NS 2.53 2.83 NS —243 —210 NS 













* p values by multivariate analysis (Hotelling t2 test) for the statistical contrasts between the rhythmometric properties of the blood pressure circadian rhythm in normotensive 
adults with a negative or a positive familiarity for arterial hypertension, on habitual or restricted dietary sodium intake. 

H = habitual sodium intake; NF = negative familiarity for arterial hypertension; NS = difference not significant; PF = positive familiarity for arterial hypertension; R = restricted di- 
etary sodium intake. 
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Figure 2 shows the bivariate Gaussian distribution 
for systolic and diastolic BP before and after sodium 
restriction. 

The bivariate region of distribution shows a configu- 
ration clearly different in sodium-restricted subjects. A 
statistically significant difference in the 2 distributions 
(p <0.01) was demonstrated by the bivariate discrimi- 
nant analysis. 

Figure 3 shows the sinusoidal waves and polar plots 
derived by cosinor analysis. 

Statistically significant circadian rhythms were vali- 
dated for systolic and diastolic BP in both conditions of 
sodium intake. A statistically significant difference in 
systolic BP mesor was demonstrated by the multivariate 
analysis. The decrease in diastolic BP mesor and the 
increase in systolic BP amplitude were of borderline sta- 
tistical significance. 

Figure 4 shows the results of cosinor analysis applied 
to the systolic and diastolic 24-hour BP patterns of the 
normotensive subjects subclassified in relation to their 
positive (8 cases) or negative (12 cases) familiarity for 
essential hypertension. 

Clearly divergent responses to the acute deprivation 
of dietary salt were documented in relation to the pedi- 
gree for hypertension. Table II lists the statistical out- 
comes by multivariate analysis of the rhythmometric 
properties. 

A statistically significant difference was found for 
the mesor decrease in the systolic 24-hour BP patterns 
with limitation to the sodium-restricted normotensive 
subjects lacking a family hypertension history. Interest- 
ingly, no statistically significant difference was docu- 
mented for the systolic and diastolic BP mesor and am- 
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plitude changes in sodium-restricted normotensive sub- 
jects having a positive history for familial hypertension. — 


DISCUSSION 

The results of the present study have documented. 
that the acute restriction of dietary salt acts as a depres- < 
sor of the BP regimen even in normotensive individuals. 
The systolic component of BP is particularly influenced 
by the reduction of dietary sodium. a 

The hypotensive effect of sodium restriction was _ 
documented by biostatistically investigating the 24-hour 
BP patterns, taking into account that the casual mea- 
surements fail to reveal the true consistency of this phe- 
nomenon. 

The distribution analysis of BP monitoring has docu- 
mented that the class ripartition is particular in sodium _ 


restricted normotensive subjects. The distribution can 


be statistically discriminated, suggesting an overall rear- 
rangement of the 24-hour BP patterns as an effect of 
the acute dietary sodium deprivation. 
Consistent changes in the rhythmic structure of the 
24-hour BP patterns were discovered as well. The most. 
prominent effects of dietary salt deprivation are a de- — 
crease in the BP 24-hour mean level, and an increase in- 
the extent of the BP circadian fluctuation, predominant 
ly for the systolic BP. a 
Similar changes have been described in essential hy 
pertensive subjects restricted in sodium intake.!’ 
Accordingly, one can assume that the binomium _ 
“mesor decrease/amplitude increase” for the systolic- 
BP reflects the basic response of the 24-hour BP pat- 
terns to an abrupt reduction of dietary salt consump- 
tion. 
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RE 4. Comparison of the effects elicited by sodium deprivation on the circadian rhythms of systolic (S) and diastolic (D) _ 


(BP) monitored in normotensive subjects with or without a positive history for « 





























_ study corroborate the idea that the genetic substrate 
_ may play a fundamental role in conditioning the BP re- 
<- sponse to sodium deprivation. 

_ We have documented that normotensive individuals 
with a familial history of essential hypertension react in 
_@ noncanonic way, because they show minimal changes 
_ both in mesor and amplitude, suggesting a reduced BP 
susceptibility or adaptability to the acute deprivation of 
dietary sodium. 

- Taking such a responsiveness into consideration, nor- 

motensive individuals can be divided into 2 groups: salt- 
; -deprivation sensitive and salt-deprivation unsensitive 
subjects. 
The salt-deprivation sensitive subjects are the nor- 
motensive individuals who exhibit a mesor decrease and 
an amplitude increase in the systolic 24-hour BP pat- 
terns when acutely restricted in dietary sodium intake. 
The salt-deprivation unsensitive subjects are the normo- 
tensive individuals who show negligible changes in the 
circadian mesor and amplitude of the systolic 24-hour 
BP patterns after an acute restriction of dietary sodium 
¢ intake. 

Interestingly, the categorization as salt-deprivation 
sensitive or as salt-deprivation unsensitive appears to be 
dictated by the genetic predisposition that is revealed by 
the familiarity for hypertension. 

The response of the 24-hour BP patterns to an acute 
restriction in dietary sodium may thus be regarded as 

-an indicator for identifying salt-deprivation unsensitive 
normotensive subjects who are prone to develop arterial 
hypertension. 
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of acute MI onset. 


Genentech; Inc. 








VACTIVASE 


w ALTEPLASE, RECOMBINANT 


A TISSUE PLASMINOGEN ACTIVATOR 


Established life-saving benefit in ASSET ‘study 
in patients up to age 75... 


TRIAL OF TISSUE PLASMINOGEN ACTIVATOR FOR MORTALITY 
REDUCTION IN ACUTE MYOCARDIAL INFARCTION 


**Anglo-Scandinavian Study of Early Thrombolysis 


MORTALITY AT ONE MONTH (ASSET): Patients admitted to fifty-two coronary 
care units with suspected acute myocardial 
ALL PATIENTS infarction were considered for inclusion in 


a double-blind study comparing recombinant 


Š tissue-type plasminogen activator (rt-PA) 

9.8% od gaat 100 mg plus heparin with placebo plus heparin. 
2,514 patients were randomly allocated to rt-PA 
and 2,499 to placebo. All patients received 
Activase” within 5 hours of onset of symptoms. 
Recombinant tissue-type plasminogen activator 
(rt-PA) was given as a bolus dose of 10 mg fol- 
lowed by an infusion of 50 mg in 1 hr and then 
20 mg in each of the next 2 hrs. The same pro- 
cedure was followed with the placebo material. 
All patients were given an initial bolus dose 


CONTROL ACTIVASE’ of intravenous heparin 5000 units, and, after 
p=0.001 administration of rt-PA or placebo, a heparin 
infusion of 1000 units/hr was administered 
for 21 hrs: 


Aspirin not used in ASSET study 


Please see brief summary of prescribing 
information on last page of this advertisement 





- SAVES LIVES IN 
ACUTE MI 


“When used within 5 hours of acute MI onset 





Supported by ECSG with a low mortality rate 
at 21 days..." 


MORTALITY RATES AT 21 DAYS’ 


tThe European Cooperative Study Group (ECSG): 
MORTALITY RATES: Patients treated MORTALITY RATES: 26 participating centers conducted a double- 
within 3 hours of onset of symptoms All patients treated blind, placebo-controlled trial of Activase* 
in patients with acute myocardial infarction 
(N = 721). The purpose of the study was to 
assess the effect of Activase” on size of infarct, 
left ventricular function and survival in acute 
myocardial infarction as a secondary end point. 
Patients aged 21-71 with ECG evidence of acute 
4% MI were eligible for the trial. All patients in the 
REDUCTION trial were given 250 mg of ASA and a bolus 
injection of 5000 IU heparin before the start of 


REDUCTION 
the trial. All patients received the study drug 
within 5 hours of onset of symptoms. Patients 
in the treatment group were given 100 mg of 
Activase” over 3 hours (10 mg IV bolus, 50 mg 


l l infused during the first hour and 40 mg infused 


ASA and heparin Activase* plus ASA and heparin  Activase* plus over the next two hours). Controls were given 
ASA and heparin ASA and heparin 43 
1p=002 1p=005 placebo by the same method: 


6. 8 % o 68% 








Aspirin given adjunctively in ECSG study 


“Although these data do not demonstrate unequivocally a significant 
reduction in mortality for this study, they do indicate a trend that 
is supported by the results of the ASSET study. 


Please see brief summary of prescribing 
information on last page of this advertisement. 
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w ALTEPLASE, RECOMBINANT 


A TISSUE PLASMINOGEN ACTIVATOR 





Natural protein equivalent to 
human tissue plasminogen activator 


NO DRUG-INDUCED HYPOTENSION 


No reported episodes of infusion-related hypotension requiring 
emergency intervention 


NO ANAPHYLACTIC REACTIONS 


No pattern of serious or life-threatening allergic reactions 
has been reported 


NO REACTION WITH ANTISTREPTOCOCCAL ANTIBODIES 


Because Activase’ is a recombinant natural protein, it does not react 
with antistreptococcal antibodies, thereby reducing the concern 
regarding therapeutic failures 


Short half-life and fibrin specificity compatible with invasive therapeutic 
intervention, e.g., hemodynamic monitoring, angioplasty or emergency 
coronary artery bypass surgery (CABG) 


Please see brief summary of prescribing 
information on last page of this advertisement 


an GOOD SaFLTY 
PROFILE IN ACUTE Mi 





Low incidence of intracranial bleeding 
even when used with aspirin 


In the TIMI-II study, where 2,952 
patients were treated with heparin, 
aspirin and 100 mg of Activase, 
the incidence of hemorrhagic 
stroke was 0.5%: 


Occurrence of stroke comparable to placebo 


Data from the ASSET study 
(N = 5013) reported the 
overall risk of post-MI stroke 
with Activase’ (11%) was 
comparable to placebo (10%): 

















ACTIVASE’ PLACEBO 


1.1% 1.0% 


Bleeding is the most common complication of thrombolytic therapy, with 
intracranial bleeding being the most serious. Activase® is contraindicated 
in patients with: active internal bleeding, history of cerebrovascular acci- 
dent, recent (within two months) intracranial or intraspinal surgery or 
trauma, intracranial neoplasm, arteriovenous malformation, or aneurysm, 
known bleeding diathesis, severe uncontrolled hypertension. (See 
WARNINGS section of brief summary of prescribing information.) 





Please see brief summary of prescribing 
information on last page of this advertisement 





OPTIMIZE THERAPEUTIC 
BENEFITS THROUGH 
PROPER PATIENT SELECTION 


Therapeutic window within 6 hours of 


onset of symptoms 
The benefits of thrombolytic activity are demonstrated up to 6 hours 
after the onset of symptoms 


Therapeutic benefits in patients up to 


TƏ years of age 
Proven reduction in mortality in patients up to 75 years of age when 
used within 5 hours of acute MI onset’ 


Easy-to-follow dosing guidelines 
Standard dose: 100 mg 
For patients less than 65 kg: 125 mg/kg 


Initiate lytic dose as follows: 60% of total therapeutic dose 
should be administered in the first hour of which 6-10 mg 
should be administered as bolus. The remaining 40% 

is delivered over the next 2 hours. 


ACTIVASE 


ALTEPLASE, RECOMBINANT 


A TISSUE PLASMINOGEN ACTIVATOR . 
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L WALTEPLASE RECOMBINANT 


ATISSUE PLASMINOGEN ACTIVATOR 


Brief Summary 
Consult full prescribing information before using. 


INDICATIONS AND USAGE: ACTIVASE* is indicated for use in the management of acute myocardial 

infarction (AMI) in adults for the lysis of thrombi obstructing coronary arteries, the reduction of infarct 

size, the improvement of ventricular function following AMI, the reduction of the incidence of conges- 
tive heart failure and the reduction of mortality associated with AMI. Treatment should be initiated as 
soon as possibie after the onset of AMI symptoms. 

TONTRAINDICATIONS: Because thrombolytic therapy increases the risk of bleeding, ACTIVASE® 

is contraindicated in the following situations: + Active internal bleeding - History of cerebrovascu- 

lar accident » Recent (within two months) intracranial or intraspinal surgery or trauma {see 

WARNINGS) - Intracranial neoplasm, arteriovenous malformation, or aneurysm + Known bleeding 

diathesis - Severe uncontrolled hypertension. 

WARNINGS: Bleeding The most common complication encountered during ACTIVASE® therapy is 

bleeding. The type of bleeding associated with thrombolytic therapy can be divided into two broad 

Categories: + internal bleeding involving the gastrointestinal or genitourinary tract, or retroperitoneal or 

intracranial sites « Superficial or surface bleeding, observed mainly at invaded or disturbed sites (e.9., 

sites of venous cutdown, arterial puncture, recent surgical intervention). 

Concomitant.use of heparin anticoagulation may contribute to bleeding. Some hemorrhagic episodes 
‘occurred one or more days after the effects of ACTIVASE® had dissipated, but while heparin therapy 
was continuing. 

As fibrin is lysed during ACTIVASE® therapy, bleeding from recent puncture sites may occur. 
Therefore, thrombolytic therapy requires careful attention to all potential bleeding sites {including sites 
of catheter insertion, arterial and venous puncture, cutdown and needie puncture). 

intramuscular injections and nonessential handling of the patient should be avoided during treatment 
with ACTIVASE® Venipunctures should be performed carefully and only as required. 

Should-an arterial puncture be necessary during an infusion of ACTIVASE® it is preferable to use an 
upper extremity vessel accessible to manual compression. Pressure should be applied for at least 30 
minutes, a pressure dressing applied and the puncture site checked frequently for evidence of bleeding. 

Should serious. bleeding (not controllable by local pressure) occur, the infusion of ACTIVASE® and 
any concomitant heparin should be terminated immediately. 

Each patient being considered for therapy with ACTIVASE™ should be carefully evaluated and antici- 
pated benefits. weighed against potential risks associated with therapy. 

in the following conditions, the risks of ACTIVASE® therapy may be increased and should be weighed 
against the anticipated benefits: « Recent (within 10 days) major surgery, obstetrical delivery, organ 
biopsy, previous puncture of noncompressible vessels + Cerebrovascular disease » Recent (within 10 
days) gastrointestinal or genitourinary bleeding + Recent (within 10 days) trauma + Hypertension: 
systolic BP = 180 mm Hg and/or diastolic BP= 110 mm Hg.+ High likelihood of left heart thrombus, e.g.. 
mitral stenosis with atrial fibrillation + Acute pericarditis Subacute bacterial endocarditis e Hemostatic 
defects including those secondary to severe hepatic or renal disease + Significant liver dysfunction + 
Pregnancy + Diabetic hemorrhagic retinopathy, or other hemorrhagic ophthalmic conditions + Septic 
thrombophlebitis or occluded AV cannula at seriously infected site + Advanced age, Le, over 75 years 
old + Patients currently receiving oral anticoagulants + Any other condition in which bleeding constitutes 
a significant hazard or would be particularly difficult to manage because of its location. 

Archythmias Coronary thrombolysis may result in arrhythmias associated with reperfusion. These 

arrhythmias are not different from those often seen in the ordinary course of AMI and may be managed 

with standard antiarrhythmic measures. It is recommended that antiarrhythmic therapy for bradycardia 
and/or ventricular irritability be available when infusions of ACTIVASE® are administered. 

PRECAUTIONS: General Standard management of Mi should be implemented concomitantly with 

ACTIVASE® treatment. Noncompressible arterial puncture must be avoided. Arterial and venous punc- 

tures should be minimized. in the event of serious bleeding, ACTIVASE® and heparin should be 

discontinued immediately. Heparin effects can be reversed by protamine. 

Readministration There is no experience with readministration of ACTIVASE® if anaphylactoid reaction 

occurs, infusion should be discentinued immediately and appropriate therapy initiated. 

Although sustained antibody formation in patients receiving one dose of ACTIVASE® has not been 

documented, readministration should be undertaken with caution. 

Laboratory Tests During ACTIVASE® therapy, results of coagulation tests and/or measures ot fibrino- 

lytic activity may be unreliable unless specific precautions are taken to prevent in vitro artifacts. 

ACTIVASE® is an enzyme that when present in blood in pharmacologic concentrations remains active 

under in vitro conditions. This can lead to degradation of fibrinogen in blood samples removed for 

analysis. Collection of blood samples in the presence of aprotinin (150-200 units/mL) can to some 
extent mitigate this phenomenon. 

Drug Interactions The interaction of ACTIVASE® with other cardioactive drugs has not been studied. In 

addition to bleeding associated with heparin and vitamin K antagonists, drugs that alter platelet function 

may increase the risk of bleeding if administered prior to, during os after ACTIVASE® therapy. 

Use of Anticoagulants Heparin has been administered concomitantly with and following infusions ot 

ACTIVASE® to reduce the risk of rethrombosis. Because either heparin or ACTIVASE® alone may cause 

bleeding complications, careful monitoring for bleeding is advised, especially at arterial puncture sites. 

Pregnancy (Category C) Animal reproduction studies have not been conducted with ACTIVASE® It is 

‘also not known whether ACTIVASE® can cause fetal harm when administered to a pregnant woman 

‘or. can affect reproduction capacity. ACTIVASE* should be given to a pregnant woman only if 

Clearly needed. 

Pediatric Use Safety and effectiveness of ACTIVASE® in children has not been established. 

Carcinogenesis, Mutagenesis, Impairment of Fertility Long-term studies in animals have not been 

‘performed to evaluate the carcinogenic potential or the effect on fertility. Short-term studies, which 
aluated tumorigenicity of ACTIVASE® and effect on tumor metastases in rodents, were negative. 
Studies to determine mutagenicity (Ames test) and chromosomal aberration assays in human 
mphocytes were negative at all concentrations tested. Cytotoxicity, as reflected by a decrease 

itotic index, was evidenced only after prolonged exposure and only at the highest concentra- 
lions tested. 

Nursing Mothers It is not known whether ACTIVASE™ is excreted in human milk. Because many 
ugs are excreted in human milk, caution should be exercised when ACTIVASE™ is administered to a 

nursing woman. 

ADVERSE REACTIONS: Bleeding The most frequent adverse reaction associated with ACTIVASE® is 
leeding.. The type of bleeding associated with thrombolytic therapy can be divided into two broad 
tegories: + Internal bleeding involving the gastrointestinal or genitourinary tract, or retroperitoneal or 
racranial sites + Superficial or surface bleeding, observed mainly at invaded or disturbed sites (e.9.. 

sites of venous cutdown, arterial puncture, recent surgical intervention). 

: following incidence of significant internal bleeding (estimated as>250 ce blood loss) has been 
sported in studies'in over 800 patients treated at all doses: 





Total Dose = 100 mg 


5% 5% 
4% 4% 
1% <1% 
<1% <1% 
<1% <4% 
<1% <1% 


Total Dose > 100 mg 








The incidence of intracranial bleeding in patients treated with ACTIVASE® Altepiase, recombinant, isas fol 





Dose Number of Patients 


100 mg 3272 
150 mg 1779 
114 mg/kg 237 


These data indicate that a dose of 150 mg of ACTIVASE® should not be used because it has be 
associated with an increase in intracranial bleeding. ; 

Recent data indicate that the incidence of stroke in 6 randomized double-blind placebo. control 
trialst7 is not signficantly different in the ACTIVASE® treated patients compared to those treated. 
placebo (37/3161, 1.2% versus 27/3092, 0.9%, respectively) (p = 0.26). 1 age Ae 

Should serious bleeding in a critical iocation (intracranial, gastrointestinal, retroperitoneal, peri 
dial) occur, ACTIVASE® therapy should be discontinued immediately, along with any conci ita 
therapy with heparin. : ; i: 

Fibrin, which is part of the hemostatic plug formed at needle puncture sites, will be lysed dui 
ACTIVASE® therapy. Therefore, ACTIVASE® therapy requires careful attention to potential bleedin 
Allergic Reactions No serious or life-threatening allergic reactions have been reported. Othi 
hypersensitivity reactions such as urticaria have been observed occasionally. : 

Other Adverse Reactions Other adverse reactions have been reported, principally naus 
vomiting, hypotension, and fever. These reactions are frequent sequelae of MI and may of may 
attributable to ACTIVASE® therapy. ee 


pe pasion AND ADMINISTRATION: Administer ACTIVASE® as soon as possible after the ons 
of symptoms. ? 
ACTIVASE® is for intravenous administration only. | 
The recommended dose is 100 mg administered as 60 mg (34.8 million IU) in the first Hor 
6 to 10 mg is administered as a bolus over the first 1-2 minutes), 20 mg (11.6 million IU) ove 
hour, and 20 mg (116 million {U} over the third hour. For smaller patients. (less than 65 
1.25 mg/kg administered over 3 hours, as described above, may be used. § i 


A DOSE OF 150 MG OF ACTIVASE® SHOULD NOT BE USED BECAUSE IT HAS BEEN ASSOCI: 
WITH AN INCREASE IN INTRACRANIAL BLEEDING. ; 

Although the use of anticoagulants and antiplatelet drugs during and following admin 
ACTIVASE® has not been shown to be of unequivocal benefit, heparin has been- administered 
tantly for 24 hours or longer in more than 90% of patients. Aspirin and/or dipyridamote has 
either during and/or following heparin treatment. 

Reconstitution and Dilution DO NOT USE IF VACUUM IS NOT PRESENT. 

ACTIVASE® should be reconstituted by aseptically adding the appropriate volume of the 
ing Sterile Water for injection, USP to the vial. itis important that ACTIVASE® be reconstit 
Sterile Water for Injection, USP without preservatives. Do not use Bacteriostatic. Water for 
USP The reconstituted preparation resuits in a colorless to pale yellow transparent solution ining 
ACTIVASE® 10 mg/mL at approximately pH 73. The osmolality of this solution: is approximately 
215 mOsm/kg. 

Because ACTIVASE® contains no antibacterial preservatives, it should be reconstituted imme 
before use. The solution may be used for intravenous administration within 8 hours following | ‘ 
tution when stored between 2-30°C. Before further dilution or administration, the product should be 
visually inspected for particulate matter and discoloration prior to administration whenever solution an 
container permit. Bee Sa 

ACTIVASE® is stable for up to 8 hours in these solutions at room temperature, Exposure to light has 
no effect on the stability of these solutions. Excessive agitation during dilution should be’ avoided: 
mixing should be accomplished with gentle swirling and/or slow inversion. Do not use. other infusio 
solutions, e.g., Sterile Water for Injection, USP of preservative-containing solutions for further ditt jon. 

No other medication should be added to infusion solutions containing ACTIVASE® Any unuse 
infusion solution should be discarded. ; ; 
HOW SUPPLIED: ACTIVASE® is supplied as a sterile, lyophilized powder in 20 mg and-$0 
containing vacuum, each packaged with diluent for reconstitution. ETN 
Storage Store lyophilized ACTIVASE® at controlled room temperature not to exceed 30°C. (86°F), 
under refrigeration (2-8°C/36-46°F). Protect the lyophilized material during extended storage. trom 
excessive exposure to tight. er AEE 

Do not use beyond the expiration date stamped on the vial. 

ACTIVASE® Alteplase, recombinant 
Manufactured by 

GENENTECH® INC. 

460 Point San Bruno Bivd. 

South San Francisco, CA 94080 
Aprii, 1989 
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Because body chemistry 
differs from person to 
person, we often need 

a choice of drugs to 
treat the same illness. 


You've heard it said that no two 
snowflakes are exactly alike. 
The variety is endless. Much 
the same is true of the human 
body. 


Take the case of two patients 
suffering from hypertension. 
Both under the care of the same 
physician, who prescribes the 
same medication for each. One 
patient responds to the medi- 
cation while the other reports 
unpleasant side-effects. Thanks 
to the diversity of drugs avail- 
able to treat this illness, the doc- 
tor is able to prescribe another 
medicine that works without 
the side effects. 

To maintain the high standards 
of quality care, and because 
some drugs work better than 





others on different people, it is 
essential to have this diversity, 


America’s research-based phar- 
maceutical companies are com- 
mitted to providing a wide 
range of drugs of the highest 
quality to serve the public. 
Why? Because the public is 
made up of different people 
requiring different treatment— 
even when they suffer from the 
same illness. 
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IF A NEW MEDICINE CAN HELP 
WE'RE WORKING ON IT; 
































TIVE HEART FAILURE 


_ Relation Between Plasma Norepinephrine and | 
i Response to Medical Therapy in Men with 
- Congestive Heart Failure Secondary to Coronary 
Artery Disease or Idiopathic Dilated 
Cardiomyopathy 


Walter Kao, MD, Mihai Gheorghiade, MD, Veronica Hall, RN, and Sidney Goldstein, MD 


AS see So 
This study examines the relation between the 
change in clinical status and the change in plasma 
norepinephrine concentration in patients with con- 
gestive heart failure (CHF) receiving standard med- 
ical therapy. Hemodynamic measurements in 11 
patients with CHF (ejection fraction 19 + 4%) were 
obtained before and immediately after the adminis- 
tration of digoxin and angiotensin-converting en- 
zyme inhibitors. Patients were then followed for i 
year. Clinical status was determined using the Bos- 
ton Clinical Heart Failure scoring system. Of the 11 
patients, 6 demonstrated significant clinical im- 
provement after therapy, based on the Boston 
-> score, over a 1-year period. Five patients did not 
-respond to therapy: 4 died and the remaining pa- 
tient had worsening CHF. There was no difference 
between responders and nonresponders in either 
baseline hemodynamics or acute response to the 
administration of digoxin and an angiotensin-con- 
verting enzyme inhibitor. In the patients who im- 
proved, plasma norepinephrine decreased from 
706 + 235 to 545 + 223 pg/ml (p = 0.08) after 1 
year of medical therapy. In patients whose CHF 
worsened or who died, plasma norepinephrine in- 
creased from 715 + 275 at baseline to 1,237 + 
671 pg/ml at their last measurement (p = 0.06). 
Although at baseline the plasma norepinephrine 
0 Jevels were similar in both groups of patients, a sig- 
-nificant difference between responders and non- 
responders was observed at final follow-up (p 
<0.002). Change in plasma norepinephrine corre- 
lated with change in CHF score (r = 0.79, p 
<0.004). Thus, in patients with CHF, serial mea- 
surements of plasma norepinephrine correlate with 
changes in clinical status. 
(Am J Cardiol 1989;64:609-613) 
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Detroit, Michigan 48202. ae : 


gestive heart failure (CHF) has been shown to be | 
proportionately predictive of mortality.! Whether _ 
increased norepinephrine is a marker of the severity of 


[= plasma norepinephrine in patients with con- 


CHF or actually contributes to progressive worsening of 


left ventricular function and impaired end-organ perfu- 
sion is not clear. It is apparent that the sympathetic ner- _ 
yous system is excessively stimulated in patients with _ 
CHF. It is thought that in CHF the ongoing elevation — 
in plasma norepinephrine? is due in large part to a 
progressive dysfunction of arterial baroreceptors.° Varis 
able changes in plasma catecholamine levels have been 
observed when digoxin therapy® was combined with _ 
agents such as hydralazine’ and converting enzyme in- — 
hibitors.8 There is, however, no information correlating. 
changes in plasma catecholamine concentration with — 


changing clinical status and left ventricular function im -° 


CHF patients during medical therapy. This study ex- 
amines the relation of serial plasma catecholamine con- 


centrations to clinical status and left ventricular ejection _ 


fraction in CHF patients started on long-term combina- 
tion therapy with digoxin, diuretics and converting en- 
zyme inhibitors. 


METHODS 

Patient selection: We examined 11 men with newly 
diagnosed New York Heart Association class III and 
IV CHF and documented left ventricular dysfunction 
by radionuclide ventriculography. The etiology was idio- 
pathic dilated cardiomyopathy in 8 and coronary artery 
disease in 3. Mean age was 37 years (range 33 to 81). 
Patients who were already receiving digoxin or a vasodi- 
lator agent other than a nitrate preparation were ex- 
cluded. Other exclusion criteria included CHF due to 
uncontrolled systemic hypertension, congenital, valvu- 
lar, pericardial, restrictive or hypertrophic heart disease, 
myocardial infarction within the preceding 2 months, or 
a history of any other significant medical disease. 

Clinical status: Clinical status was determined using 


a CHF scoring system? ranging from 0 to 12 points. A. 


score of 12 represented marked clinical evidence of 
CHF while 0 represented no evidence of CHF. Im- 
provement or deterioration in clinical status was record- 
ed as changes from the point score recorded before th 
initiation of therapy. Points were given in 3 categori 
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maximal score of 4 points was possible in each category. 
- Historic points were given for dyspneic symptoms, ex- 
amination points for heart rate, jugular venous pressure 

` and cardiopulmonary findings, and chest radiography 
points for pulmonary vascular changes, enlarged cardiac 
silhouette and evidence of pleural effusion or pulmonary 
edema. 

Catecholamine measurements: Heparinized blood 
samples for plasma catecholamine levels were collected 
from the antecubital vein with the patient in the supine 
: position, following a 30-minute rest in a quiet, darkened 
room. Specimens were iced, centrifuged and processed 
immediately or plasma frozen and processed within 48 
hours. Plasma catecholamine assays were performed us- 
ing a high pressure liquid chromatography system (Wa- 
ters 460 Electrochemical Detector, Waters Chromatog- 
raphy Division, Millipore Corp.). Normal values in our 
laboratory are 298 + 133, 53 + 17 and 10 + 10 pg/ml 
for plasma norepinephrine, epinephrine and dopamine, 
respectively. Coefficients of variation are 7, 7 and 5%, 
respectively. 

Follow-up care: After clinical stabilization was 
achieved using diuretics alone, patients were evaluated 
with baseline radionuclide ventriculography and inva- 
sive hemodynamic response to intravenous digoxin (1 
mg bolus) and captopril (15 mg bolus followed by 36 
mg infusion over 6 hours). Hemodynamic measure- 
ments were obtained at baseline and approximately 6 
hours after the administration of intravenous digoxin 
and captopril using previously described techniques.!° 
All patients were subsequently continued on a medical 
regimen that included digoxin 0.25 mg once daily, a di- 
uretic and a converting enzyme inhibitor (either capto- 
pril 25 mg 3 times a day, or enalapril 10 mg twice a 
day). Patients were then reexamined at 4 weeks, 8 
weeks and 12 months. Clinical CHF score was deter- 
mined and plasma norepinephrine level was measured 
_ at each visit and repeat radionuclide ventriculography 
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Clinical Heart Failure Score 








8 weeks- 


histo Yy; physical examination and chest radiograph. A 


was performed after 12 months. An additional plasma 
norepinephrine measurement was performed at 12 
weeks, Of the initial 11 patients, 5 patients, classified as 
“nonresponders,” had a poor clinical response. Four 
died, 2 suddenly and 2 after progressive CHF, and 1 
had clinical deterioration, characterized by worsening 
exercise tolerance and increased pulmonary congestion 
by physical examination. The remaining 6 patients 
demonstrated a significant lasting clinical response to 
therapy manifested by an improvement of at least 2 
New York Heart Association classifications. They were 
classified as “responders.” Mean follow-up period was 
15 weeks among nonresponders. All survivors were fol- 
lowed to 12 months. 

Statistical analysis: Differences in plasma catechol- 
amine levels, clinical CHF score, ejection fraction and 
hemodynamic parameters between responders and non- 
responders were calculated using a standard Student 
unpaired f test. A p value of 0.05 was considered signifi- 
cant. Intragroup changes in plasma catecholamine lev- 
els, clinical CHF score, ejection fraction and hemody- 
namic parameters over time were analyzed using a 
paired Student ¢ test, with significance at a p value of 
<0.05. 

Correlating analyses were carried out using standard 
first and second order linear regression techniques with 
a p value of at least 0.05 representing significance. 





RESULTS 

Baseline hemodynamic measurements: There was 
no significant difference between the 2 groups in terms 
of baseline hemodynamic measurements, although there 
was a trend toward a higher mean arterial pressure and 
heart rate in nonresponders. Acute hemodynamic re- 
sponses to de novo intravenous digoxin and captopril ad- 
ministration for all patients are listed in Table I. 

Clinical response: The clinical CHF score for the 2 
groups (Figure 1) was similar at baseline: 9 + 3 and 11 
+ 2 for responders and nonresponders, respectively (dif- 






FIGURE 1. Clinical 
heart failure score 
over time for respond- 
ers (R) and non- 
responders (NR). 
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ABLE 1 Acute Hemodynamic Response to Intravenous Digoxin and Captopril for Responders and Nonresponders 


HR 


B 


Nonresponders 


P value 


Responders 


Group mean 89 85 
sp 12 10 


P value NS 0.004 


B = baseline; Cl = cardiac index (liters /min m7), EF = left ventricular ejection fraction (%); HR = he: 1 V 
ng intravenous digoxin and captopril; SD = standard deviation; SVR = systemic vascular resistance (dynes s | 


pulmonary capillary wedge pressure (mm Hg). Rx = 6 hours after receivi 
cm); SWi = stroke work index (g/m m?). 





ference not significant). By definition, nonresponders 
did not demonstrate a significant clinical response to 
therapy as determined by clinical CHF score. At last 
follow-up, nonresponders showed no significant differ- 
ence from baseline values, 11 + 1 to 10 + 2, while re- 
sponders showed a clear improvement in clinical status, 
9 + 3 to 4 + 2 (p <0.001). Baseline ejection fraction 
did not differ between responders and nonresponders 
(Table D. 


Plasma Norepinephrine (pg/ml) 
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Left ventricular ejection fraction in the responders at- 
12 months did not differ significantly from baseline — 
measurements, 19 + 5 to 22 + 15%. = 

Catecholamine response: Plasma norepinephrine 
levels at baseline and during follow-up are shown in 
Figure 2. Baseline values for the 2 groups were similar. 
At their last follow-up, nonresponders demonstrated a 
trend toward increase in plasma norepinephrine com- 
pared to baseline, 715 + 275 to 1,237 + 671 pg/ml (p 



























































_ 0.06), while responders tended to decrease, 706 + 235 
to 545 + 223 pg/ml (p = 0.08). When responders at 12 
-months were compared to the last value obtained in the 
nonresponder group, a significant difference was ob- 
served (533 + 206 vs 1,237 + 671 pg/ml, respectively, 

<+ p <0.002). As shown in Figure 3, change in clinical 
Status showed a linear correlation with changes in plas- 
ma norepinephrine (r = 0.79, p = 0.004). However, 
higher order polynomial fits demonstrated an even 
greater correlation (r = 0.93). This suggests that the 
relation between changes in clinical status and plasma 
norepinephrine may be related in a nonlinear fashion, 
with significant increase associated with worsening clin- 
ical status. 

Baseline plasma dopamine levels were similar at 
baseline—21 + 12 and 20 + 16 pg/ml among respond- 
ers and nonresponders, respectively (difference not sig- 
nificant)—and at last follow-up they were 30 + 9 and 
41 + 18 pg/ml (difference not significant). Plasma epi- 
nephrine levels were also comparable at baseline, 99 + 
55 and 72 + 35 pg/ml (difference not significant), and 
85 + 38 and 69 + 41 pg/ml at last follow-up (differ- 
ence not significant) for responders and nonresponders, 
respectively. 


DISCUSSION 

In this study of patients with CHF, we observed an 
overall relation between the change in plasma norepi- 
nephrine and clinical response to medical therapy. In 
~~ patients in whom CHF worsened, there was an increase 
<in plasma norepinephrine. In patients who demonstrated 
a clinical improvement, norepinephrine levels remained 
- unchanged. Among patients who responded, there was 
. ho change in left ventricular ejection fraction despite 
~ long-term clinical improvement. 
Determinants of norepinephrine level: Recent re- 
ports describe the separate contributions of individual 
organ system norepinephrine spillover and excretion to 
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FIGURE 3. Change in plasma orei 


the net circulating norepinephrine pool.'! It is, however, 
likely that the relative contributions of individual organs 
or organ systems to the final measured plasma concen- 
tration may vary significantly. Cardiopulmonary baro- 
receptors regulate the release of vasoconstrictor neuro- 
hormones from the central nervous system in response 
to acute changes in central hemodynamic status. These 
receptors have been reported to manifest decreased re- 
sponsiveness in patients with chronic CHF, resulting in 
potentially excessive release of central nervous system 
neurohormones, including norepinephrine. Digoxin and 
captopril have been observed to improve baroreceptor 
function in chronic CHF.!213 Thus, a restoration of the 
tonic inhibitory effects of central baroreceptors would 
tend to halt the progressive increase in circulating nor- 
epinephrine concentration seen in patients with chronic 
CHF. 

Alternatively, hemodynamic improvement could de- 
crease the influence of autoregulatory mechanisms, in- 
cluding vasoconstrictor hormone release, and contribute 
to partial restoration of central baroreceptor function. 

In addition to central events, peripheral nutritive 
perfusion may also have an effect on plasma norepi- 
nephrine levels. Angiotensin II can facilitate tissue re- 
lease of norepinephrine.'* These findings support the 
hypothesis that peripheral events contribute to systemic 
sympathetic hyperactivity. Captopril has been reported 
to increase exercise tolerance and muscle perfusion in 
the absence of changes in limb blood flow in some pa- 
tients with CHF.'> It is therefore possible that the bene- 
ficial effects of converting enzyme inhibitors may lie as 
much in their peripheral effects as in their improvement 
of central hemodynamic status. 

Acute effects of medical therapy: Reports of the 
acute effects of medical therapy on plasma norepineph- 
rine concentration are somewhat conflicting. We!® pre- 
viously reported no change in plasma norepinephrine 
concentration after the initiation of intravenous capto- 
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sma norepinephrine as a function of change in the clinical status for all patients at final follow-up. 


pril and a decrease with intravenous digoxin therapy in 
CHF patients. Others have observed little change!®!’ or 
a decrease.'® 

Effects of long-term medical therapy: The long- 
“term effects of medical therapy on plasma norepineph- 
rine are controversial. Studies of exercise performance 
in CHF patients after converting enzyme inhibitor ther- 
apy indicate that despite attenuation of their initial cen- 
tral hemodynamic effects,'? their salutary effect on clin- 
ical status occurs over a prolonged period of time.” 
Some investigators®?! have reported a decrease in plas- 
ma norepinephrine over time in CHF patients receiving 
conventional medical therapy. In contrast, others have 
observed a progressive increase in plasma norepineph- 
rine despite medical therapy including converting en- 
zyme inhibition.” In this study, plasma norepinephrine 
did not decrease significantly in patients with CHF, de- 
spite excellent clinical responses to therapy. However, a 
progressive increase was noted in patients who had a 
poor response to therapy. The origin of the increase in 
circulating plasma norepinephrine in patients with resis- 
tant CHF remains uncertain. The relation of plasma 
norepinephrine to clinical status that we observed may 
help to explain the apparent disparity between previous- 
ly reported observations concerning the evolution of 
plasma norepinephrine in CHF. 

Frances et al? observed a gradual increase in plas- 
ma norepinephrine in a group of CHF patients receiving 
medical therapy that included digoxin, diuretics and 
converting enzyme inhibitors. Cleland et al® noted a de- 
crease in plasma norepinephrine in response to similar 
therapy in patients demonstrating clinical improvement. 
In the former study, there was no consideration of clini- 
cal status. In a clinically heterogenous group of patients, 
subset trends can easily be lost. It is possible that the 
combination of a relatively stable plasma norepineph- 
rine concentration in those who demonstrated a benefi- 
cial clinical response to therapy and an increasing level 
in those who did not resulted in an overall tendency for 
the group as a whole to increase. 

Clinical implication: These findings suggest that a 
relation exists between worsening clinical status and in- 
creasing plasma norepinephrine concentration. Whether 
or not circulating catecholamines are merely a marker 
of this change in clinical status—or actually contribute 
to the development of the clinical state of CHF—still 
remains unclear. Serial measurements of plasma nor- 
epinephrine may prove clinically relevant in the assess- 
ment of therapy and prognosis in patients with chronic 
CHF. 
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evaluation of aortic regurgitation (AR) by continu- 
ous-wave Doppler pressure half-time was assessed 
in 30 consecutive patients in sinus rhythm with 
chronic moderate to severe AR. Pulsed-wave Dopp- 
ler-derived regurgitant fraction (obtained from aor- 
tic and pulmonary stroke volumes) and color flow 
mapping relative regurgitant area (obtained from 
the parasternal short-axis view) were chosen as 
reference standards for the severity of AR. An 
-excellent correlation was found between these 2 
parameters (r = 0.98), while correlations were poor 
between pressure half-time and either regurgitant 
fraction (r = —0.74) or relative regurgitant jet area 
_. (r = —0.69). The ratio of early (E) to late (A) trans- 
mitral peak velocities was used to divide the study 
population into 2 groups: group A (n = 16) with E/ 
A <1 and group B (n = 14) with E/A >1. In pa- 
-tients with a similar degree of AR (estimated from 
-< Doppler regurgitant fraction or relative regurgitant 
jet area), the pressure half-time was found to be 
significantly shorter. Thus, the severity of AR in 
group A patients was overestimated (p <0.01). 
_ Compared to group B, group A patients were sig- 
- nificantly older (p <0.02) and had a larger left ven- 
- tricular mass (p <0.005). The correlation between 
pressure half-time and either regurgitation fraction 
(r = —0.85 in group A, r = —0.97 in group B) or 
relative regurgitant jet area (r = —0.88 in group A, 
r = —0.93 in group B) markedly improved when pa- 
tients were divided according to their filling pat- 
tern. 

These data confirm the value of continuous- 
wave Doppler assessment of the severity of AR by 
means of pressure half-time measurements. How- 
ever, because transmitral inflow pattern affects 
pressure half-time independently of the severity of 
AR, the method’s accuracy is improved by taking 
the pattern of left ventricular filling into account, 
and considering a volumetric competition between 
the phasic transmitral inflow and the AR jet. 

(Am J Cardiol 1989;64:614-619) 
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Influence of Transmitral Filling 2 Dynamics on 
Continuous-Wave Doppler Assessment of Aortic 
Regurgitation by Half-Time Methods 


Jean-Louis J. Vanoverschelde, MD, Annie R. Taymans-Robert, Ms, Daniel A. Raphaël, BS, 
and Jacques R. Cosyns, MD 


a ss NA ae EE AT A 
The influence of transmitral filling dynamics on the 


ontinuous-wave Doppler echocardiography is be- 
ing increasingly used to assess the severity of 


aortic regurgitation (AR).!~4 The ability of con- 
tinuous-wave Doppler to resolve the high velocities asso- 
ciated with the aortic regurgitant flow allows (using the 
modified Bernoulli equation) the instantaneous pressure 
gradient between the aorta and the left ventricle during 
diastole to be calculated. The temporal deceleration of 
the diastolic aortoventricular pressure gradient, ex- 
pressed as the pressure half-time, has been reported to 
be a reasonably reliable predictor of the angiographic 
severity of AR, albeit with significant overlap among 
patient subgroups.'? Although its noninvasive nature 
and reproducibility are attractive, the pressure half-time 
method has some limitations. Besides the size of the 
regurgitant orifice, other factors such as aortic imped- 
ance and left ventricular diastolic properties!-5 influence 
the rate of pressure equilibration between the aorta and 
the left ventricle during diastole. 

In addition, since both the aortic backflow and the 
normal transmitral inflow contribute to ventricular fill- 
ing, some kind of competition between these 2 filling 
flows can be anticipated. We designed this study to ex- 
amine the influence of the transmitral filling pattern on 
the quantification of AR by pressure half-time mea- 
surements. We hypothesized that, at a similar degree of 
AR, the time course of the aortoventricular pressure 
gradient decay will be influenced by the dynamics of 
the transmitral inflow. In other words, does transmitral 
filling rely more on its early or late diastolic compo- 
nent? To conduct an entirely noninvasive study, we 
chose pulsed-wave Doppler-derived regurgitant frac- 
tion®’ and color flow mapping-relative regurgitant jet 
area®*? as reference standards for the severity of AR. 


METHODS 

Study population: The study population consisted of 
30 consecutive patients in sinus rhythm referred for 
Doppler echocardiographic evaluation of chronic AR: 
19 patients had isolated AR, 9 had combined calcific 
aortic stenosis and AR and 2 had prosthetic aortic valve 
leakage. Patients with mitral stenosis, prosthetic mitral 
valve or mitral regurgitation (more than mild to moder- 
ate) were excluded. Patients with inadequate continu- 
ous-wave Doppler tracings or poor 2-dimensional color 
flow definition in the left parasternal short-axis view 
were excluded as. well. 

instrumentation: Color flow mapping, pulsed- and 


continuous-wave Doppler, and M-mode and 2-dimen- _ 
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sional echocardiography were performed with a com- 
mercially available Toshiba SSH-65A, using a 3.5- or a 
2 Hz wide angle phased-array transducer with 48 

hannels. All examinations were recorded on a Pana- 
sonic NV 8500 video recorder. A Toshiba printer (TP 
8300) was used for paper reproduction. All calculations 
were made using the echocardiograph’s internal soft- 
ware. 

Doppler echocardiographic study: M-mode echocar- 
diographic measurement of left ventricular dimensions 
was performed according to the American Society of 
Echocardiography.'® Left ventricular mass was calcu- 
lated according to Devereux and Reichek.!! 

Pulsed-wave Doppler examination was used to calcu- 
late stroke volume in the left ventricular outflow tract 
‘and in the pulmonary artery to allow estimation of the 
regurgitant fraction, as previously described.®’ Patients 
‘with more than mild pulmonary regurgitation (detected 
by color flow mapping) were not included in this evalu- 
ation. Seven patients with poor delineation of the com- 
mon pulmonary artery left lateral wall were excluded as 
well. The pulmonary stroke volume is determined from 
the left parasternal short-axis view by positioning the 
sample volume in the common pulmonary artery. When 
a suitable Doppler waveform is obtained, the time-ve- 
locity integral is calculated by digitizing through the 
contour of the darkest portion of the velocity profile, 
directly on the video screen, using the internal graphic 
analyzer. The pulmonary artery systolic internal dimen- 
sions are measured with a caliper at the Doppler sam- 
pling level. The same principle is applied for calculation 
Cof the aortic stroke volume. The sample volume is posi- 
tioned, from the apical 5-chamber view, in the left ven- 
tricular outflow tract just beyond the aortic valve. The 
-outflow tract internal dimensions are measured from 
the parasternal long-axis view, which allows a better 
anatomic delineation. The equations used were!?: 


stroke volume (SV) = r (D/2)? Ses& V(t) dt; 
regurgitant fraction = (SV Ao — SV PA)/SV Ao; 





TABLE! Characteristics of the Study Population 





Group A 
(E/A <1) 





Pts (n) 16 
Age (yrs) 60 + 13 
Gender (M/F) 11/5 

6/16 

0/16 

36410 

346 +90 

LVEDD (mm) 5449 
MR 8/16 
PWT (mm) 1142.5 
Diastolic fluttering 7/16 
Values are mean + standard deviation. ; 
AS = aortic stenosis; CAD = coronary artery disease; FS = fractional shortening; : 


LVEDD = left ventricular end-diastolic dimension; MR = mitral regurgitation; PWT = 
posterior wall thickness. T 





where Ao = aorta, D = aortic or pulmonary internal 
diameter, Ee = end of ejection, Es = start of ejection, 
PA = pulmonary artery, SV (ml) = stroke volume and 
V(t) = instantaneous blood flow velocity. ee 
Continuous-wave Doppler examination was per- i 
formed in the apical 5-chamber view with the transduc- 
er oriented to record the highest diastolic flow velocities 
in the left ventricular outflow tract. Only well-defined _ 
diastolic aortic regurgitant flow envelopes were consid- 
ered for pressure half-time determination. Pressure half-. 
time was classically calculated as the time needed for 
the maximal velocity to decrease to 71% of its initial 
value. 2 
Color flow mapping was used for the evaluation of 
AR according to Perry et al.® Briefly, the transducer is” 
positioned in left parasternal short-axis location and an- = 
gled to visualize the high left ventricular outflow tract, 
immediately beyond the aortic valve. The color flow sige 
nal is then frozen during diastole when the regurgitant 
jet is best individualized. The contours of the regurgi- 
tant jet and of the outflow tract (inner border of the- 
septal wall and anterior mitral leaflet) are traced on the 
video screen and the corresponding areas are computed. 









































. *p <0.05 group Avs group B. 


standard deviation. 





Special care was taken to record the regurgitant jet as 
close to the aortic valve plane as possible to avoid over- 
estimation by a spray effect. Both absolute and relative 
(ratio of the short-axis regurgitant jet area to the left 
ventricular outflow tract area) regurgitant jet areas 
were considered. The severity of AR was graded ac- 
cording to Perry et al*: relative regurgitant jet area 
from 0 to 4% = mild AR, 5 to 24% = moderate AR, 25 
to 59% = important AR, and >60% = severe AR. 
The left ventricular filling pattern was characterized 

by analyzing the mitral velocity profile, as previously 
_ described.!3-16 Briefly, the transducer is positioned in 
the apical location, with the Doppler volume sampling 
-placed at the level of the mitral anulus. The time course 
of the left ventricular transmitral filling was assessed by 
~~ the ratio of early (E) to late (A) transmitral peak veloc- 
ities. 

Intra- and interobserver variability: Mean inter- 
observer variability (and mean percent difference) was 
__assessed for the determination of relative regurgitant jet 
area, Doppler-derived regurgitant fraction and pressure 
half-time. This was 1% (9%), range 0.2 to 2%: 2% 
(6.1%), range 1 to 4% and 25 ms (4.6%), range 4 to 35 








75,M 1.50 23 38 
Mean + SD 60413 0.86 + 0.47 12.2458 2548 409 + 122 4+0.5 
Group B 
17 55,M 1.76 23 — 480 4.2 
18 42,M 1.30 17 32 500 4.1 
19 25,M 1.10 10 20 720 3.1 
20 31,M 0.80 il — 610 41 
21 26,M 3.90 35 46 280 46 
22 21,F 3.01 42 52 260 4.2 
23 59,M 1.01 15 — 500 4.1 
24 39, F 0.60 16 31 510 4.2 
25 77,F 3.50 59 65 170 4.2 
26 57,M 0.75 11 27 660 3.9 
27 59,M 0.40 9 25 630 3.5 
28 57,M 0.66 9 22 685 4 ig 
29 53,M 1.48 26 42 360 3.3 ae 
30 24,F 2.14 29 46 300 46 
Mean + SD 45417* 1.6141.12* 22.34 14.7* 37 +14* 476 +176 42406 





ARJA = absolute regurgitant jet area; peak V = peak aortic backflow velocity; PHT = pressure half-time; RF = regurgitant fraction; RRJA = relative regurgitant jet area; SD = 


ms, respectively. Mean intraobserver variability (and 
mean percent difference) was assessed for the determi- 
nation of the same parameters: relative regurgitant jet 
area 0.6% (6%), range 0 to 1.3%; regurgitant fraction 
1.6% (5.5%), range 0.9 to 3%; pressure half-time 14 ms 
(3.8%), range 4 to 30%. 

Data analysis: The mean value of 3 beats was used 
for Doppler parameters and derived indexes. Correla- 
tion between the different Doppler measurements was 
performed by linear regression analysis or least square 
fitting routine. Mann-Whitney and Pearson chi-square 
tests were used to allow baseline comparison between 
the groups. Results are expressed as mean + 1 standard 
deviation, and a p value <0.05 was considered signifi- 
cant. 


m 


RESULTS 

Table I summarizes the major clinical and echocar- 
diographic findings. According to the left ventricular 
transmitral filling pattern, the patients were divided in 2 
groups: group A with E/A <1 (n= 16) and group B 
with E/A >1 (n = 14). Group A patients were signifi- 
cantly older than group B patients (60 + 13 vs 45 417. 













ears, p <0.02). The left ventricular mass was larger in 
oup A (346 + 90 vs 246 + 79 g, p <0.005). There 
ere no significant differences concerning sex ratio, left 
ntricular dimensions and shortening, concomitant mi- 
tral regurgitation, aortic stenosis or coronary artery dis- 
ease among the 2 groups. Significant aortic stenosis 
(aortic valve area <0.8 cm?) was found in only 3 pa- 
tients, all in group A. Individual results concerning the 
3 Doppler methods are listed in Table II. The magni- 
tude of AR, assessed by the Doppler-derived regurgi- 
tant fraction, the absolute and the relative regurgitant 
jet areas were significantly greater in group B (p <0.03, 
p <0.04 and p <0.02, respectively) than in group A. By 
contrast no significant difference between groups was 
observed concerning pressure half-time measurements. 
” Doppler-derived regurgitant fraction versus relative 
tant jet area: As shown in Figure 1, the relation 
between Doppler-derived regurgitant fraction and rela- 
tive regurgitant jet area was best fitted using a parabol- 
ic function (r = 0.98, p <0.001). 
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“ese 2 parameters for the overall 
© ‘population (r = 0.74, p <0.001). 

: Correlation was better when pa- 
tients were divided according to 
their transmitral filling pattern. 
(Triangles = group A, E/A <1; cir- 
cles = group B, E/A >1). P <0.001 
group A vs group B. 
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ror of the estimate = 111 ms). 
When the transmitral filling pattern 
is taken into account, the correla- 
tion considerably improved. Sym- 
bols and significance as in Figure 2. 


PHT (msec) 


Pressure half-time versus the other Doppler index- 
es of aortic regurgitation severity: The relations be- 
tween pressure half-time and both Doppler-derived re- _ 
gurgitant fraction and relative regurgitant jet area are 
shown in Figures 2 and 3. For the entire population, 
pressure half-time measurements correlated weakly — 
with either the regurgitant fraction (r = —0.74, p- 
<0.001), the absolute regurgitant jet area (r = —0.63, p 
<0.001) or the relative regurgitant jet area (r = 0,69 
p <0.001). Moreover these data showed considerable — 
scattering, as suggested by the large standard errors of 
estimate of the regression equation (113 ms for pressure 
half-time vs regurgitation fraction and 111 ms for pres- 
sure half-time vs relative regurgitant jet area). When — 
patients were divided in 2 groups according to their 
transmitral filling pattern (group A E/A <1; group B 
E/A >1) the linear regression between the same pa- 
rameters significantly improved as shown by the smaller 
standard errors of estimate and the stronger correlation: 
coefficients (Table HI). 


y 7958 -13x 
r=-097 
y 2743 - 13x 
r=-085 
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y 2724 -11x 
t=-093 
y =633 -18x 
r = -0.88 
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TABLE ill. Results of Linear Regression Analysis 
PHT vs RF 





PHT vs RRJA 














No. r pValue SEE No. r SEE 


Allpts 23 ~0.74 0.00003 113 30 —0.69 0.00002 111 
GroupA 12 -0.88 0.000024 73 16 -0.85 0.000006 60 
GroupB 11 ~0.93 0.000001 48 14 —0.97 0.0000004 67 
Group A = E/A <1; group B = E /A >1 (see text). 


R = correlation coefficient; SEE = standard error of estimate; other abbreviations 
as in Table Il. 
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DISCUSSION 
The validity of the time course of the aortoventricu- 
lar pressure gradient decay during diastole (expressed 
by the pressure half-time) as an accurate method for 
the quantification of AR has been extensively addressed 
in the catheterization laboratory!’ as well as with nonin- 
vasive continuous-wave Doppler methods. Good agree- 
ment between the angiographic severity of AR (or the 
regurgitant fraction) and either invasively or Doppler- 
derived pressure half-time measurements has been re- 
ported.!-4 There was, however, considerable overlap 
among the different severity groups. +3 
The results of our study confirm the clinical reliabili- 
ty of continuous-wave Doppler assessment of AR. Sig- 
nificant, although weak, correlations were found be- 
tween pressure half-time and the Doppler-derived re- 
z- gurgitant fraction (r = —0.74) and the relative 
` Tegurgitant jet area (r = —0.69). Nevertheless, impor- 
tant scattering of the data was observed, as shown by 
the large standard error of estimate of the regression 
equations (113 ms for pressure half-time vs regurgita- 
tion fraction, 111 ms for pressure half-time vs relative 
regurgitant jet area). This should not be surprising be- 
__. Cause pressure half-time is influenced by several hemo- 
-dynamic parameters independent of the size of the re- 
‘gurgitant orifice. Alterations in left ventricular chamber 
distensibility have been shown to markedly affect the 
time course of the aortoventricular pressure decay. It 
has recently been suggested that pressure half-time 
could overestimate angiographic severity in patients 
with high left ventricular end-diastolic pressure. !5 
In addition, both the aortic regurgitant flow and the 
normal transmitral inflow contribute to ventricular fill- 
ing. Thus, some kind of interaction between these 2 fill- 
ing flows can be anticipated. We postulated that the 
phasic pattern of the mitral inflow could influence the 
temporal evolution of the aortic backflow and its char- 
acterization by half-time methods. Shorter half-time 
values were anticipated when late diastolic (atrial) con- 
tribution of transmitral filling was increased. The in- 
__ crease in left ventricular pressure is indeed likely to be 
more important at end-diastole in patients with large 
atrial contribution to left ventricular filling, while it is 
expected to be mostly protodiastolic in patients with 
_ large passive early filling.!8!9 Because the aortic back- 
< -flow deceleration begins close to the time of peak early 
-transmitral filling, its deceleration rate, and consequent- 
_ly the pressure half-time, should be influenced more by 


mid- to late diastolic events than by protodiastolic 
events. We divided our study population into 2 groups 
according to the transmitral filling pattern. With a simi- 
lar amount of AR, shorter pressure half-times were in- 
deed observed when the ratio of early to late transmitral 
peak velocities was <1. 

Moreover, taking the transmitral filling pattern into 
consideration markedly improved the ability of pressure 
half-time to predict both the Doppler-derived regurgi- 
tant fraction (r = —0.97 when E/A >1, r = —0.85 
when E/A <1) and the relative regurgitant jet area (r 
= —0.93 when E/A >I, r = —0.88 when E/A <1). 
These data indicate that the volumetric time distribu- 
tion of the transmitral inflow significantly influences the 
temporal distribution of the aortic regurgitant volume 
and consequently the velocity of the regurgitant jet and 
its deceleration rate. 

Our observations are clinically relevant. Greater 
age,” ventricular hypertrophy!S or coronary heart dis- 
ease!® may result in an increased atrial contribution to 
left ventricular filling, as we observed in more than half 
of our patients. Thus, misleading conclusions about the 
severity of AR can be easily avoided in routine echocar- 
diography by taking the transmitral velocity profile into 
account. 

Previous studies on the interaction between aortic 
backflow and mitral inflow: Few studies have examined 
the interaction between aortic backflow and transmitral 
inflow. Most have focused on the way the aortic regur- 
gitant jet interferes with the normal transmitral filling. 
Reduced early filling has been reported when the aortic 
regurgitant jet is oriented toward the anterior mitral 
valve.*! This situation can be easily recognized by not- 
ing diastolic fluttering on the M-mode echocardiogram 
of the anterior mitral leaflet. No difference in the occur- 
rence of diastolic fluttering could, however, be observed 
between our 2 groups. This suggests that aortic back- 
flow orientation was not a major determinant of the 
transmitral filling pattern in our population. On the oth- 
er hand, severe AR, with markedly elevated left ventric- 
ular end-diastolic pressures, has been associated with re- 
duced atrial contribution, because of premature mitral 
valve closure (due to reversion of the atrioventricular 
pressure gradient at end-diastole).22 Because most of 
our patients (in both groups) had moderate AR, this 
phenomenon is not likely to have significantly influ- 
enced the transmitral filling pattern. 

Limitations: Our findings are entirely based on a 
noninvasive evaluation of the severity of AR. Lack of 
concomitant angiographic validation of our Doppler 
data may limit the validity of our conclusions. However, 
numerous problems exist with the invasive assessment 
of AR. Aortic root angiography, even when performed 
carefully by experienced angiographers, has been shown 
to have poor reproducibility and wide interobserver vari- 
ability. It also poorly correlates with regurgitant vol- 
umes or fractions,” which are more desirable reference 
standards; however, they cannot be used in the presence 
of multiple valvular regurgitations.24 Inaccuracies of 








both Fick and angiographically? calculated cardiac 
output may further limit the accuracy of regurgitant 
“volumes or fractions derived from catheterization. 

We used Doppler-derived regurgitant fraction and 
relative regurgitant jet area as reference markers of the 
severity of AR. Close agreement between these 2 inde- 
pendently obtained parameters, in our population (r = 
0.98, Figure 1), supports the validity of this approach. 
Doppler evaluation is a highly operator-dependent tech- 
nique. Inability to acquire the optimal spectral envelope 
represents the major limitation of continuous-wave 
Doppler.24 Inadequate AR signals have been reported 
to occur in up to 30% of patients.? Similarly, failure to 
identify correctly the pulmonary artery borders is the 
main problem encountered in calculation of regurgitant 
fraction with pulsed-wave Doppler. Because of poor de- 
lineation of the pulmonary artery left lateral wall, we 
were unable to calculate pulmonary stroke volume in 7 
of our 30 patients (22%). Operator experience is even 
more important with color flow mapping. Because small 
alterations in transducer angulation can markedly 
change jet visualization and size,® particular care must 
be taken to orientate the transducer correctly to maxi- 
mally demonstrate the jet at its origin and to avoid any 
overestimation by spray effect. 
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a Combined Percutaneous Mitral and Aortic 











































Between August 1987 and November 1988, 
combined mitral and aortic balloon valvuloplasty 
was performed in 10 patients (mean age 42 + 9 
years), all of whom had symptomatic mitral and 
aortic stenosis. The procedure was performed us- 
ing a transarterial approach with a multiballoon 
-catheter and an exteriorized intracardiac long 
-= guidewire circuit. The procedure could be consid- 
ered successful in 9 patients where significant in- 
creases in the mean mitral (0.97 + 0.19 to 1.80 + 
0.26 cm?) and aortic (0.63 + 0.18 to 1.15 + 0.32 
| cm?) areas were achieved. Severe mitral regurgita- 
tion that required surgery developed in 1 patient in 
the following 24 hours. Femoral vascular surgery 
was necessary in 1 patient. Mid-term follow-up 
was available in 8 patients for a period averaging 8 
+ 3 months. The 9 patients in whom the procedure 
was successful showed persistent clinical improve- 
ment in functional class. Doppler echocardiography 
-showed 2 cases of aortic restenosis and none of mi- 
tral restenosis. Combined mitral and aortic balloon 
valvuloplasty could be a valid alternative treatment 
in selected patients with both mitral and aortic 
theumatic stenosis. Further experience and long- 
term hemodynamic follow-up are necessary to de- 
fine the role of this mode of treatment. 
(Am J Cardiol 1989;64:620-624) 
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sent in 4 patients, with 1 also havi 





as an alternative treatment for pulmonic, mitral 

and aortic stenosis.'“+ Some patients with rheu- 
matic mitral stenosis also have a similar aortic condi- 
tion. Roberts? first suggested the possibility of dilating 
both valves during 1 procedure; Kritzer et alô first re- 
ported a successful dilation of both mitral and aortic 
valves. Recently, Berman et al’ reported a series of 6 
patients treated successfully for critical aortic and mi- 
tral valve stenosis and concluded that the procedure 
may be considered for patients with combined mitral 
and aortic stenosis who either refuse or are deferred 
from surgical intervention. We report the results of this 
dual technique in 10 patients, using a transatrial exteri- 
orized intracardiac long guidewire circuit. 


Be: valvuloplasty has recently been introduced 


METHODS 

Patients: Our experience began with a 38-year-old 
man refusing surgery. The patient was in New York 
Heart Association functional class III, with combined 
pure mitral and aortic stenosis. Percutaneous balloon 
valvuloplasty on both valves was offered as an alterna- 
tive palliative procedure. This was successfully per- 
formed on August 7, 1987,8 using the exteriorized long 
guidewire circuit previously described by Babic et al.? 
On the basis of this result we decided to offer this form 
of treatment to other patients, including some for whom 
surgery was not contraindicated but who met the fol- 
lowing criteria: (1) mitral valve area <1.5 cm? and aor- 
tic valve area $0.9 cm?; (2) absence of or <grade 2/4 
mitral or aortic regurgitation, or both; (3) absence of 
severe calcific deposits in the mitral valve; and (4) ab- 
sence of left atrial thrombi. 

Written consent was obtained from all patients after 
careful explanation of the procedure and of our limited 
experience with it and also the possibility of surgery as 
an alternative. 

In this series of patients (Table I) there were 7 wom- 
en and 3 men. The mean age was 42 + 9 years (range 
23 to 54). Two patients were in functional class IV, 6 in 
class III and 2 in class II. Five patients were in sinus 
rhythm and 5 in atrial fibrillation. 

Five patients had neither mitral nor aortic associated 
regurgitation. Two patients without mitral regurgitation 
had slight associated aortic regurgitation and 3 patients 
with a mild degree of mitral regurgitation also had 
some degree of aortic regurgitation. 

Two patients had previously undergone closed mitral 
commissurotomy; slight mitral valve calcium was pre- 








light aortic calci- o -> 








; TABLE! Patient Characteristics and Balloon Catheter Diameter 


po Pe 3 5 6 7 8 10 
ol. Age (yrs), Sex 49,F 23, F 48, F 46, F 35,M 45, F 
Rhythm AF SR AF SR SR SR 
NYHA ui ni i al i m 
Ao Ball (mm) 2x15 2x15 2x15 20 2x15 2x13 2x13 


Mi Ball (mm) 2x19 2x19 2x15 2x15 2x15 2x15 2x13 














AF = atrial fibrillation; Ao Ball = aortic balloon (maximum diameter); Mi Balt = mitral balloon (maximum diameter); NYHA = New York Heart Association functional class; SR = sk 


nus rhythm. 
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um. Another patient had calcification only of the aortic 
valve. The aortic anulus was normal except in 2 patients 
in whom it was reduced in size. One patient had under- 
gone mastectomy for breast cancer and another patient 
had a combination of severe restrictive and obstructive 
lung disease. 

Technique of valvuloplasty: We established an in- 
tracardiac transatrial long guidewire circuit to insert the 
-balloon dilation catheter. Transseptal left-sided cardiac 


= catheterization was performed through the right femo- 


ral vein using a Mullins sheath mounted over a Brock- 
enbrough needle. When the Mullins sheath was in the 
left atrium both the needle and dilator were removed. A 
flow-directed catheter was then introduced through the 
sheath and placed across the mitral and aortic valves. A 
retriever device, which had previously been placed in 
position via the left femoral artery, was used to capture 
the tip of the catheter and was then further advanced 
into the descending aorta. At this point a long guidewire 
(0.035 inches) was passed through the catheter and the 
tip was retrieved through the femoral artery. 
i Before establishing the circuit with the aid of the 
Mullins sheath placed in the left atrium, the transvalvu- 
lar mitral gradient was measured by taking the left atri- 


ure and simultaneously recording the left ven- 


1.15403 
A = after. AR = aortic regurgitation; B = before; EF = ejection fraction, M Gr = mean gradient; MR = mitral regurgitation. 
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tricular pressure using an angiographic catheter that ae 


had previously been passed through the Mullins sheath. 
Cardiac output was measured at the same time with a 
thermodilution catheter inserted through the left femo- 


ral vein. Valve area was calculated according to Gorlin’s 


formula. The gradient across the aortic valve was mea- 
sured by simultaneously recording the left ventricular 


pressure and the aortic pressure through a catheter a ; 
placed in the ascending aorta through the right femoral- 


artery. Left ventriculography was performed in the 
right anterior oblique view: Aortography was performed 
in the left anterior oblique view. 
All patients were premedicated with diazepam and l 
10 U of heparin were administered after gaining access 
to the left atrium. Except in the first patient, where the ~ 
transvenous route was used for both valves, the elected 
balloon catheter (mostly a 2 X 15 mm Schneider Me~ 
dintag bifoil) was inserted through the arterial side of 
the circuit and advanced sequentially to both valves - 
(Figure 1). In patients 1 and 2 the balloon was inflated 
first in the mitral valve and in the remaining 8 patients 
in the aortic valve. When the procedure was completed. 
the balloon catheter was withdrawn to the descending: 
aorta and, with the circuit still intact, the transvalvula 
gradients and cardiac output were again measured, thus 










TABLE Il Echocardiographic Doppler Measurements 
Before, Shortly After and Six Months After Combined Mitral 
and Aortic Valvuloplasty 
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NA NA 14 NA NA 20 

0.6 1.2 1.2 52 25 85 

1.1 1.6 2.2 58 27 31 
bg 0.9 — 36 
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* patient developed acute severe mitral regurgitation and died 24 hours later, after 
valvular replacement surgery. 

NA = not available; post = shortly after combined mitral and aortic valvuloplasty; 
pre = before combined mitral and aortic valvuloplasty; 6 months = 6 months after 
combined mitral and aortic valvuloplasty; T 1/2 = half-time Doppler evaluation of 
flow-velocity. 










































enabling the circuit to be used again if results warranted 
it. The mitral gradient was measured using the thermo- 
dilution catheter (pulmonary wedge pressure) with the 
Mullins sheath advanced over the circuit to the left ven- 





FIGURE 1. A, from the right anterior oblique view, the bifoil 
catheter inflated across the mitral valve. The balloon was in- 
‘serted retrogradely using the exteriorized circuit. B, from the 
across the aortic valve after dilation of the mitral valve (pa- 










622 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 64 







tricle. The aortic gradient was obtained by placing a 
catheter in the ascending aorta in combination with the 
Mullins sheath in the left ventricle. 

After removing the entire circuit, hemodynamic 
measurements were again obtained (Figure 2), using 
the previously described method, and a left ventricular 
angiogram and aortography were taken. 


RESULTS 

This procedure was successful in 9 patients. Table II 
lists the hemodynamic data before and after combined 
valvuloplasty. The mitral valve area increased signifi- 
cantly in every case from 0.97 + 0.19 to 1.8 + 0.26 cm2 
(p <0.001). The aortic valve area also increased signifi- 
cantly in every case from 0.63 + 0.18 to 1.15 + 0.32 
cm? (p <0.001). 

Patient 4, in whom the aortic valve was successfully 
dilated, developed severe mitral regurgitation after val- 
vuloplasty (Figure 3), necessitating surgery 24 hours 
later. This patient had undergone previous mitral sur- 
gery and had chronic lung disease. The mitral valve 
showed a tear in the anterior leaflet and detachment of 
part of the subvalvular apparatus at the level of the an- 
terior papillary muscle. After dual valve replacement 
surgery, the patient died. One patient developed, to a 
mild degree, an increase in mitral regurgitation. Two 
patients with previously moderate mitral regurgitation 
showed no further increase. Three patients without aor- 
tic regurgitation developed a slight incompetence after 
the procedure. Two patients with previous slight aortic 
regurgitation developed a mild increase. The remaining 
4 patients showed no change in valve competence. 

Patient 2 developed left femoral artery thrombus 
that necessitated surgery. No patient required a blood 
transfusion. Patient 5 developed transitory atrial fibril- 
lation and 4 patients developed a transitory left bundle 
branch block. 

The functional class improved in all 9 of the success- 
fully dilated patients; 4 remained in class II and 5 in 
class I. 

Six months after the procedure Doppler echocardi- 
ography was performed in 8 patients (Table HI). There 
was no significant change in either the mitral valve area 
or in its competence. Two patients showed a marked 
increase in aortic valve gradient and both are currently 
being considered for repeat aortic balloon valvuloplasty. 
No increase in mitral or aortic regurgitation was ob- 
served in any of the patients. 


DISCUSSION 

The morbidity and mortality rates described in iso- 
lated mitral and aortic valvuloplasty have consistently 
been very low.!°-!3 Therefore, we considered the perfor- 
mance of a dual dilation of both valves to be a reason- 
able alternative to surgery. 

All the patients in our series had the peculiarity of 
being relatively young with the absence of (or the pres- 
ence of a mild degree of calcification of) the aortic 
valve, suggesting a rheumatic etiology for the lesion. In 
this sense our series is different than the one previously 


reported by Berman et al,’ in which the patients were 
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older and had more extensive calcification of both 
ves. 

Technique of valvuloplasty: We decided to dilate 
- both valves sequentially, using the technique of Babic et 
al.9 No difficulties were encountered in establishing the 
circuit despite the presence of stenosis in the aortic 
valve; the flow directed balloon catheter easily crossed 
the narrowed valve, helped by the gradient between the 
left ventricle and the aorta. 

As opposed to previously described combined valvu- 
loplasties,’ in which 2 completely separate systems are 
used to dilate the mitral (anterograde) and the aortic 
(retrograde) valves, this procedure seems to be a good 
alternative for their combined dilation. 

With the exception of the first 2 patients, to avoid 


_ overloading of the left ventricle the elected sequence for 


dilation was the aortic valve first, followed by the mitral 
valve. In 7 patients, after a successful mitral balloon 
dilation, a second dilation of the aortic valve was re- 
quired because of a persistently significant aortic gradi- 
ent; this was achieved by using the larger mitral balloon 
catheter. 

The mitral valve was dilated without any difficulty 
in placing the bifoil catheter across it. Stability of the 
balloon dilation catheter in the aortic valve during infla- 
tion was easily achieved by manually operating both 





ce 





10. Ao: aorta; LA: left atrium; LV: left ventricle 


sides of the circuit. This was done mainly by pulling the 
venous side and straightening the loop used in mitral 
dilation. : : 
We had 1 major complication—acute mitral regur- 
gitation that required surgery 24 hours later, after: 
which the patient died. We had to consider the potential _ 
risk in dilating both valves if acute mitral regurgitation _ 
developed in the presence of a nonoptimal palliation of 
aortic stenosis and because of the existence of a de- 


crease in the compliance of the hypertrophied left ven- _ 


tricle. 

With reference to the mitral valve our results are _ 
similar to those previously reported.8!0:14 The immedi- _ 
ate good results with aortic valvuloplasty in this series — 
are better than some previously reported in severe calci- 
fied aortic stenosis!!.!2!5.16 and could be explained by 
the rheumatic etiology of the stenosis. In this setting the 
valve anatomy shows commissural fusion and the bal- 
loon inflation probably results in the opening of the 
fused commissures. 

Clinical follow-up shows a persistent clinical im- — 
provement in the functional class of all patients. After 6 — 
months Doppler echocardiography showed no mitral - 
valve restenosis and 2 cases of aortic restenosis, both of 
which are being considered for a further dilation; it also. 
showed no change in the competence of either valve. 
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FIGURE 3. Patient 4: A, mitral 

and aortic gradient before com- 
bined valvuloplasty. B, pull-back 
tracing from left ventricle to aor- 
ta (LV-AO) and simultaneous re- 
cording of the left atrial pres- — 
sure. Note a giant V wave due to 
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Continuous Spectral Analysis of Heart Murmurs 
for Evaluating Stenotic Cardiac Lesions _ 


Richard L. Donnerstein, MD 


Severity of stenotic heart lesions affects timing, 
quality and pitch of associated heart murmurs. This 
quantitative study investigated the relation between 
> instantaneous sound frequencies contained in heart 

“murmurs and magnitudes of Doppler jet velocities 
measured distal to associated obstructions. Heart 
murmurs were recorded from 18 patients, ages 1 
day to 23 years, with 21 separate murmurs result- 
ing from abnormal valves (18 studies) or left-to- 
right shunts (3 studies). Recorded murmurs were 
digitized and divided into 12.3-ms time segments 
for computer frequency analysis using the maxi- 
mum entropy method. Murmur spectra were plot- 
ted in gray scale against time. All murmurs con- 
tained dominant frequencies that varied with time. 
Dominant murmur frequencies and associated 
Doppler jet velocities at equivalent points in time 
were measured at 50-ms intervals. For 88 points 
analyzed, instantaneous dominant frequencies 
ranged from 130 to 410 Hz (mean + standard devi- 
-ation 282 + 70 Hz) and instantaneous jet velocities 
ranged from 110 to 460 cm/s (290 + 80 cm/s). 
For the 21 murmurs studied, peak murmur fre- 
quencies ranged from 200 to 410 Hz (308 + 70 
Hz) and peak jet velocities ranged from 165 to 460 
cm/s (320 + 78 cm/s). Instantaneous dominant fre- 
quency correlated to instantaneous jet velocity (r = 
0.85) and peak dominant frequency correlated to 
peak jet velocity (r = 0.89). This in vivo study dem- 
onstrates that dominant frequencies contained in 
heart murmurs are related to instantaneous jet ve- 
locities distal to associated obstructions. 

(Am J Cardiol 1989;64:625-630) 
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ccurate assessment of the severity of stenotic 
Ass lesions remains a frequent clinical prob- 
lem. Cardiac catheterization, the standard for 
evaluating hemodynamics, is invasive, expensive and un- 


suited for routine serial evaluation. Noninvasive tech-. 


niques such as electrocardiography, fluoroscopy and im- 
aging echocardiography are limited in their ability to 
estimate the severity of obstructions. Pressure drops 
across stenotic heart lesions are now routinely assessed 
by measuring jet velocities distal to the obstruction with- 
Doppler echocardiography.'* Although accurate, Dopp- 
ler ultrasound examinations require expensive and coms 
plex equipment and highly trained operators, and are ~ 
generally time consuming. Re 
Investigators using standard phonocardiography 
have shown that the severity of a stenosis affects the 
intensity, timing, pitch and quality of the associated 
heart murmur. Clinical experience suggests that lesions 
with a large pressure difference across an obstruction, 
such as severe aortic stenosis, mitral regurgitation or 
small ventricular septal defects, are associated with high 


frequency murmurs. Conversely, low frequency diastolic = 


murmurs result from minor gradients across atrioven- 
tricular valves. These observations suggest that spectral 
analysis of heart murmurs should provide important in- 
formation regarding the degree of obstruction. 
Previous studies have demonstrated a relation be- 
tween frequencies of murmurs produced by restrictive 
valves*-6 or arteries’? and the degree of stenosis. These 
studies assessed only the frequencies averaged over a 
significant portion of the murmur and compared results 
to measured hemodynamics or angiography. This study 
investigated a new technique for evaluating stenotic le- . 
sions by continuously assessing dominant frequencies of 
heart murmurs. The validity of this proposed method 
was tested by comparing the instantaneous frequency 
content of the murmur to the corresponding instanta- 
neous jet velocity distal to the associated obstruction. 


METHODS 

Subject population: Subjects being evaluated by 
routine Doppler echocardiography for assessment of ste- 
notic lesions were selected for participation under a pro- 
tocol approved by the Human Subjects Committee. Pa- 
tients admitted to the study met the following 3 criteria: 
cooperative enough to allow heart murmurs to be re- 
corded from the chest wall without significant back- 
ground noise; murmur intensity by auscultation at least 
grade II/VI; and peak continuous wave Doppler veloci- 
ties for semilunar valves exceeding the normal peak ve- ` 


locity of 150 cm/s? 









Peak Doppler Peak Murmur 
Age (yrs), Velocity Frequency 
(cm/s) (Hz) 









-| TABLE! Patient Data. . 
























ey 1 
2 2 21F PS 405 
3 2 PS 270 
4 3 129.F PS 240 
5 3 PR 230 
6 4 5.1,F PDA 410 
7 5 31F PS 250 
8 6 55,F PS 410 
9 7 28M AS 335 
10 8 107,M VSD 460 400 
11 9 184M PS 310 330 
12 10 00,F PS 360 350 
13 10 PS 335 375 
14 11 09,M PDA 390 350 
15 12 88F PS 165 200 
16 13 156,M AS 280 230 
17 14 78M AS 340 285 
18 15 08F AS 420 410 
19 16 47,F AS 320 315 
20 17 74M AS 235 205 
21 18 33,F PS 230 280 









AS = aortic stenosis; PDA = patent ductus arteriosus; PR = pulmonary regurgita- 
tion; PS = pulmonary stenosis; SD = standard deviation; VSD = ventricular septal 
detect. 
























Data acquisition: DIGITAL PHONOCARDIOGRAPHY: Pho- 
nocardiography was performed immediately after com- 
: pletion of the echocardiographic study. With the patient 
supine, a piezoelectric, contact microphone (Hewlett 
Packard, model 21050A) was placed lightly on the 
chest wall site where the murmur was of greatest inten- 
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- _ FIGURE 1. Continuous spectral analysis of a computer-gener- 









sity by auscultation. This microphone has a frequency 
response that is flat within 3 dB from 1.to >1,000 Hz. 

The phonocardiographic amplifier was specifically 
designed for the study. A 130-Hz high-pass filter sup- 
pressed effects of low frequency, high amplitude heart 
sounds on the recorded murmur and a 1,700-Hz low- 
pass filter reduced high frequency noise and prevented 
signal aliasing. The amplifier incorporated a 12 dB/oc- 
tave increase in gain to 1,500 Hz to compensate for the 
estimated attenuation of high frequency signals through 
the thorax.!®!! The phonocardiographic system includ- 
ed separate circuitry to detect and incorporate the R 
wave of the electrocardiogram into the output signal. 
The amplifier output was recorded on a reel-to-reel tape 
recorder (Tandberg, model 12-41) that has a flat fre- 
quency response within 2 dB from 40 to 10,000 Hz. 

Recorded audio signals underwent a 12-bit analog- 
to-digital conversion at a 20.8-kHz rate (MacADIOS, 
model 411, GW Instruments). Sampling duration was 
4.5 seconds. Digital data were transferred to a Macin- 
tosh Plus computer (Apple Computer, Inc.) and re- 
viewed on the computer monitor immediately after sam- 
pling to ensure that signal amplitudes were appropriate 
and signal artifact was minimal. Data were stored on 
floppy disk for later analysis. 

Digital phonocardiograms were converted into audio 
signals for review and portions of the recorded signal 
with significant background noise (breathing, voices, 
motion artifact or other noncardiac sounds) were elimi- 
nated from further analysis. Using the recorded electro- 
cardiographic signal as a time reference, heart murmurs 
from individual beats of similar cycle lengths were se- 
lected for analysis and spectral averaging. 

ECHOCARDIOGRAPHY: All studies were performed with 
a Biosound ND256 echocardiographic system. Record- 
ings were made using continuous wave Doppler with a 
2.5-MHz transducer after locating the stenotic lesion 
with pulsed Doppler. Interrogation was performed from 
multiple locations to ensure that the transducer beam 
was optimally aligned with the stenotic jet. Doppler 
flow velocities with a simultaneous electrocardiogram 
were recorded at paper speeds of 100 mm/s. Tracings 
demonstrating maximal peak velocities were selected for 
analysis. 

Spectral analysis: Digital data from individual car- 
diac beats were divided into 12.3-ms (256 points) seg- 
ments. Each segment was subjected to spectral analysis 
using the maximum entropy method with 20 poles,!2 
Spectra from 4 to 9 beats were averaged to reduce ef- 
fects of random noise. Relative signal magnitude at a 
particular frequency was encoded into 16 levels of inten- 
sity. The intensity level was normalized for each 12.3- 






ms time segment such that black represented the stron- . 


gest signal and white the weakest. Murmur frequency 
was then plotted against time. Figure 1 shows an exam- 
ple of this analysis applied to a computer-generated sine 
wave with a frequency that increased from 0 to 1,000 
Hz over 600. ms. 


Data analysis: Doppler velocities and dominant. | 
murmur frequencies were measured by independent ob- 


ing the onset of the QRS complex as a time | 


s 








reference, jet velocity and dominant murmur frequency 
at equivalent points in time were determined every 50 

ms. Portions of the signal within 30 ms of the QRS 

~ complex or valve sounds were not analyzed. 

_. Statistical analysis: The relations between instanta- 
‘neous dominant murmur frequency versus instanta- 
neous Doppler jet velocity and peak dominant murmur 
frequency versus peak Doppler jet velocity were tested 
using linear regression analysis. 


RESULTS 

Population: The study population (Table I) consist- 
ed of 18 patients with 21 separate murmurs. Subject 
ages ranged from 1 day to 27 years (7.6 + 7.1 years). 
Patients with pulmonary stenosis, pulmonary regurgita- 

“ction, aortic stenosis, ventricular septal defect and patent 
~ ductus arteriosus were included. In patient no. 3, both 
diastolic and systolic murmurs were analyzed. Patient 
nos. 2 and 10 were studied before and after pulmonary 
balloon valvuloplasty. 
echocardiography: Adequate Doppler echo- 
cardiographic studies were obtained in all patients. In- 
stantaneous Doppler jet velocities ranged from 110 to 
460 cm/s (mean + standard deviation 290 + 80). Peak 
jet velocities in individual lesions ranged from 165 to 
460 cm/s (mean 320 + 78) (Table I). 

Phonocardiography: The phonocardiographic sys- 
tem was simple to use and adequate phonocardiograms 
were obtained from all patients. Data acquisition gener- 

-ally took <5 minutes. 

Figure 2 shows an example of a digital phonocardio- 
"gram obtained from a patient with severe aortic stenosis 
-and mild aortic regurgitation. Time is shown along the 
- horizontal axis with signal amplitude along the vertical 

axis. A single cardiac cycle with an expanded time axis 
is shown in Figure 2B. The QRS complex of the electro- 
cardiogram is followed by a high amplitude systolic 
murmur of aortic stenosis. A low amplitude diastolic 
murmur of aortic regurgitation follows S3. 

Murmur frequency: All analyzed murmurs con- 
tained dominant frequencies within their spectra that 
varied with time. Instantaneous dominant frequencies 
ranged from 130 to 410 Hz (mean 282 + 70) and peak 

dominant frequencies for individual murmurs ranged 
_ from 200 to 410 Hz (mean 308 + 70). Figure 3 shows 
analysis results from a patient with severe aortic steno- 
~ sis (digital phonocardiogram shown in Figure 2). Con- 
tinuous spectral analysis of a single beat of the systolic 
murmur (Figure 3A) demonstrates that the peak domi- 
nant frequency of approximately 400 Hz occurs about 
150 ms after the onset of the QRS complex. The contin- 
uous wave Doppler tracing of jet velocities distal to the 
valve (Figure 3B) shows that the peak velocity of about 
410 cm/s occurs at a similar point in time. Results from 

a patient with mild aortic stenosis are shown in Figure 

_. 4, The peak dominant frequency of 250 Hz (Figure 4A) 
~ and peak jet velocity of 235 cm/s (Figure 4B) occur 








roximately 150. ms after the onset of the QRS com- 












analysis: A total of 88 data points from the 21 ae 
were analyzed. Figure 5 shows the correlation _ 


between instantaneous Doppler jet velocity and murmur 


frequency (r = 0.85; standard error of the estimate = a 


43 cm/s). Figure 6 shows results when peak Doppler jet _ 
velocity is compared to. peak murmur frequency (r: = z 
0.89; standard error of the estimate = 37 cm/s). For 
our population the transfer function between dominant 
frequency and jet velocity could be closely approximat- _ 
ed as 1 Hz of murmur frequency corresponds to 1 cm/s _ 
of jet velocity. oa 


DISCUSSION : 
This study describes a method for continuous fre 

quency analysis of cardiac murmurs and directly estab- 

lishes that dominant frequencies contained in heart 
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FIGURE 2. Digital phonocardiogram obtained from a patient 
with severe aortic stenosis and mild aortic regurgitation. A, 3 












murmurs are related to instantaneous jet velocities dis- 
= takto the associated obstruction. This relation was dem- 
onstrated by comparing instantaneous jet velocities to 
corresponding instantaneous dominant frequencies of 
_ the murmur, and comparing peak jet velocity to peak 
- dominant murmur frequency. The association appears 
valid for various types of stenotic lesions and over a 
wide range of patient size and age. 
Although many theories have been proposed to ex- 
plain the origins of heart murmurs, it is now generally 
accepted that most heart murmurs are related to turbu- 
lent flow distal to an obstruction.®!3-!5 Several in vitro 
investigations have shown that sounds produced distal 
to a stenosis will contain frequency spectra that can be 
related to the degree of obstruction.!%!8 Initial studies 
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of the frequency content of heart sounds and murmurs 
used band-pass analog filters to measure signal strength 
at multiple frequencies.!??° However, signal distortion, 
long processing times and other problems prevented 
widespread application of this technique for quantitative 
analysis.® 

Recently, digital computers have been used to obtain 
more reliable estimates of the frequency content of bio- 
logic signals.?!?? Digital methods for spectral analysis 
require a finite signal duration or time interval for eval- 
uation. This time interval for heart murmurs may be 
extremely short (several milliseconds) or as long as the 
cardiac cycle. Fast Fourier transforms, the most com- 
monly used method of spectral analysis, have a draw- 
back: relatively long time intervals are required to es- 
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FIGURE 3. Murmur frequency spectra and Doppler velocities obtained from a patient with severe aortic stenosis. Digital phono- 
cardiogram shown in Figure 2. Time axes are plotted relative to the onset of the QRS complex. A, continuous frequency spectra. 
Results of spectral analysis are shown along the vertical axis. B, Doppler velocity tracing. Jet velocities distal to the stenotic aor- 
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FIGURE 4. Murmur frequency spectra and Doppler velocities obtained from a patient with mild aortic stenosis. Time axes are 
plotted relative to the onset of the QRS complex. A, continuous frequency spectra. Results of spectral analysis are shown along 
the vertical axis. B, Doppler velocity tracing. Jet velocities distal to the stenotic aortic valve are shown along the vertical axis. 
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tablish good frequency resolution. Previous studies of 
the frequency content of murmurs and arterial bruits 
analyzed the audio signal over a significant portion of 
- the ejection period and, therefore, frequency resolution 
using the fast Fourier transform method for analysis 
was not a problem.*>*.° However, obtaining continuous 
frequency spectra of heart murmurs requires analysis of 
multiple short time segments. The spectral analysis pro- 
cess used in this investigation, the maximum entropy 
method, is one of several related parametric techniques 
for spectral analysis that provides frequency analysis 
with high resolution for signals of short duration.2?% 
These latter techniques have been used for spectral 
analysis of other brief cardiac signals such as the closing 
-sounds of prosthetic valves.??-*> Iwata et al used a relat- 
ed method of spectral analysis to classify phonocardio- 
` graphic signals% and detect S; and S,” True contin- 
uous spectral output using digital methods is not possi- 
ble. However, as with cineangiography and echocardi- 
ography, if time intervals are short, the information will 
appear continuous although the continuity is composed 
of multiple small intervals. Even considering the minor 
discontinuity, the method used in this study provides 
considerably more information than techniques that av- 


FIGURE 5. Relation between instanta- 





shown. SEE = standard error of the esti- 
mate. 
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FIGURE 6. Relation between peak instan- 
taneous Doppler jet velocities and peak in- 
stantaneous dominant murmur frequen- 
cies. Results of regression analysis are 
also shown. SEE = standard error of the 
estimate. 
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PEAK MURMUR FREQUENCY (HZ) . : 


erage spectra over a significant portion or all of the — 
murmur. Brief time interval analysis is important be- 
cause we wished to compare instantaneous spectra of 
heart murmurs to corresponding instantaneous Doppler 
jet velocities. | 
This study shows that instantaneous spectra of heart 
murmurs produced by obstructive cardiac lesions con- 
tain dominant frequencies related to the instantaneous — 
Doppler velocities and thus are related to the degree of 
obstruction. These observations are consistent wit 
those of Duncan,® Miller? and co-workers in studies 0 
arterial bruits. Johnson et al+> did not find dominant 
frequencies in their analysis of the murmurs caused by 
aortic stenosis, but demonstrated that the ratio of high _ 
frequencies to lower frequencies increased with higher fe 
valve gradients. However, they analyzed the frequency _ 
content of the murmur over the majority of the ejection > 
period. Because flow velocities distal to a stenotic valve 
increased and then decreased during ejection (Figures 3 


and 4), associated dominant murmur frequencies would _ 


also be expected to change. If a single spectrum is ob- 
tained over a significant portion of the murmur, then 
the result would contain dominant frequencies present. 
throughout the period of analysis. Therefore, dominant 
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frequencies present at a particular point in time would 
- be obscured. Nonetheless, the results of Johnson et al45 
_ are generally consistent with those of the present study. 


_ Limitations: Several practical and theoretical prob- 
lems are inherent in this investigation. By virtue of 
study design, the patient population was limited. A 
soundproof room was not available, and the microphone 
was not shielded from external noise. Low intensity 
_ murmurs were not analyzed and no conclusions can be 
_ drawn regarding application of this technique for these 
murmurs. The necessity for patient cooperation prevent- 
ed us from performing studies in unsedated young chil- 
dren. Further refinement of the equipment should obvi- 
ate these problems. 
~. Several assumptions were made regarding character- 
istics of recorded murmurs and transmission properties 
- of murmurs through the thorax. Factors such as chest 
wall thickness and composition, murmur location, tim- 
ing within the cardiac cycle, vessel depth and size and 
microphone characteristics may modify externally re- 
corded sounds. Other investigations have shown selec- 
_ tive attenuation of high frequencies during sound trans- 
mission through the chest wall.!°!! The amplifier used 
in the present study was designed to partially correct 
< some of these losses by including a 12 dB/octave in- 
¿Crease in gain with frequency. This gain factor is arbi- 
trary and represents only an approximation of the ex- 
pected losses. The amplifier was designed to markedly 
attenuate frequencies below 130 Hz because prelimi- 
nary data suggested that murmurs with these frequen- 
cies would be associated with velocities of <150 cm/s, 
which are within the range of those expected from an 
unobstructed valve.? These considerations suggest that 
“no significant information was lost with this frequency 
cut-off. 
Conclusions: This study demonstrates a new method 
for continuous frequency analysis of cardiac murmurs 
using the maximum entropy method. Dominant instan- 
taneous frequencies contained in murmurs due to steno- 
ses were found to be related to jet velocities distal to 
associated obstructions. Although further investigations 
are necessary, this microcomputer-based system could 
provide a new noninvasive method to investigate the ori- 
gin of heart murmurs and assess valve stenoses. 
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necessarily predictive of clinical results. 





Please see brief summary of prescribing 
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VASOSELECTIVE 


Cardene 
(nicardipine HCI) 


An effective 
antihypertensive 


= Reduces total peripheral = Reduces blood pressure 
resistance and afterload similarly in Blacks and 


= Effective alone or in Caucasians 
combination with other = Effective control from dosg 
antihypertensives to dose throughout the d 
and night 


Due to peak/trough variability with CARDENE, it is consistent with good medical practice to measure blood 
pressure at trough (8 hours after dosing) and at peak {1-2 hours after dosing). During clinical trials, peak 
effects of CARDENE were not associated with increased side effects. With CARDENE treatment, blood 
pressures were significantly reduced throughout the dosing interval compared to placebo 


LONG-TERM EFFECTS OF CARDENE AS MONOTHERAPY IN HYPERTENSION’ 


Systolic 


Blood Pressure 
(mmHg) 


Diastolic 


* 





Baseline 2 Years 


170/105 143/85 


n=140 n=30 
ï A subset of 30 patients 
p< 0.01 vs. baseline followed for 2 years. 


Adapted from Murray et al? 

















1. Data available on request from Syntex Laboratories, Inc., 
Document #C-020. 

2. Murray TS, Langan J, Coxhead PF Levinson N. Long-term effects 
of nicardipine in the treatment of essential hypertension. 
Br J Clin Pharmac 1986; 22:249S-257S. 

3. Subramanian VB. Comparative evaluation of four calcium antag- 
onists and propranolol with placebo in patients with chronic 
stable angina. Cardiovasc Reviews and Reports 1984; 5{1):91-104. 





Sanh effective antianginal 


4 < ANTIANGINAL EFFICACY WITH A PROFILE SIMILAR TO 
- OTHER CALCIUM ANTAGONISTS AND BETA-BLOCKERS 
WITH BENEFITS IN SELECTED PATIENT POPULATIONS’ 
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l Adapted from Subramanian? l From package ati 
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‘+ Indicated for both hypertension and angina 
» Does not decrease cardiac output 


« Pharmacokinetics similar in elderly and young 
Pie adults 


Please see brief summary of presc 
information on last page of 
advertisement. 
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Works on the vessels... 


preserves cardiac function 


5% to 30% lower cost per month of 


therapy than Procardia 


Cardene 20 mg priced 36% less than 
the most frequently prescribed 


dose of Cardizem (60 mg) per 


month of therapy 


tBased on the manufacturers’ direct or wholesale price to the retail pharmacist. 


Brief Summary 
@Frdene ‘ricacipie Hc) 


Capsules For oral use 


MECHANISM OF ACTION: CARDENE is a calcium 
entry blocker which inhibits the transmembrane influx of 
calcium ions into cardiac muscle and smooth muscle with- 
out changing serum calcium concentrations. The contrac- 
tile processes of cardiac muscle and vascular smooth 
muscle are dependent upon the movement of extracellular 
calcium ions into these cells through specific ion channels. 
The effects of CARDENE are more selective to vascular 
smooth muscle than cardiac muscle. In animal models, 
CARDENE produces relaxation of coronary vascular smooth 
muscle at drug levels which cause little or no negative 
inotropic effect. 


CONTRAINDICATIONS: Patients with hypersensitivity 
to the drug. 

Because part of the effect of CARDENE is secondary to 
reduced afterload, the drug is also contraindicated in 
patients with advanced aortic stenosis. 


WARNINGS: increased Angina: About 7% of patients in 
short term placebo-controlled angina trials have developed 
increased frequency, duration or severity of angina on start- 
ing CARDENE or at the time of dosage increases, com- 
pared with 4% of patients on placebo. Comparisons with 
beta-blockers aiso show a greater frequency of increased 
angina, 4% vs 1%, The mechanism of this effect has not 
been established. (See ADVERSE REACTIONS.) 


Use in Patients with Congestive Heart Failure: Although 
preliminary hemodynamic studies in patients with conges- 
tive heart failure have shown that CARDENE reduced 
afterload without impairing myocardial contractility, it has a 
negative inotropic effect in vitro and in some patients. Cau- 
tion should be exercised when using the drug in congestive 
heart failure patients, particularly in combination with a 
beta-blocker. 


Beta-Blocker Withdrawal: CARDENE is not a beta-blocker 
and gives no protection against the dangers of abrupt 
beta-blocker withdrawal; any such withdrawal should be by 
gradual reduction of the dose of beta-blocker, preferably 
over 8-10 days. 


PRECAUTIONS: Generat: Blood Pressure: Careful 
monitoring of blood pressure during the initial administration 
and titration of CARDENE is suggested. CARDENE may 
occasionally produce symptomatic hypotension. Caution is 
advised to avoid systemic hypotension when administering 
the drug to patients who have sustained an acute cerebral 
infarction or hemorrhage. Because of prominent effects at 
the time of peak blood levels, initial titration should be 
performed with measurements of blood pressure at trough 
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20 mg 
capsule 


30mg 
capsule 





{just before the next dose) and at peak effect (1-2 hours 
after dosing). 

Use in patients with impaired hepatic function: The drug 
should be used with caution in patients having impaired 
liver function or reduced hepatic blood flow. Patients with 
severe liver disease developed elevated biood levels (4-fold 
increase in AUC) and prolonged half-life (19 hours} of 
CARDENE. 


Use in patients with impaired renal function: Mean plasma 
concentrations, AUC, and Cmax were approximately 2-fold 
higher in hypertensive mildly renally impaired patients 
treated with CARDENE than in healthy controls. Doses in 
these patients must be adjusted. 


Drug Interactions: Cimetidine: Cimetidine increases 
CARDENE plasma levels. Patients receiving the two drugs 
concomitantly should be carefully monitored. 


Digoxin: Some calcium blockers may increase the concen- 
tration of digitalis preparations in the blood. CARDENE 
usually does not alter the plasma levels of digoxin, however, 
serum digoxin levels should be evaluated after concomitant 
therapy with CARDENE is initiated. 


Maalox; Co-administration of Maalox TC had no effect on 
CARDENE absorption. 


Fentanyl Anesthesia: Severe hypotension has been reported 
during fentanyl anesthesia with concomitant use of a beta- 
blocker and a calcium channel blocker. Even though such 
interactions were not seen during Clinical studies with 
CARDENE, an increased volume of circulating fluids might 
be required if such an interaction were to occur. 


Cyciosparine: Concomitant administration of nicardipine 
and cyclosporine results in elevated plasma cyclosporine 
levels. Plasma concentrations of cyclosporine shouid there- 
fore be closely monitored, and its dosage reduced accord- 
ingly, in patients treated with nicardipine. 


When therapeutic concentrations of furosemide, propranolol, 
dipyridamole, warfarin, quinidine, or naproxen were added 

to human plasma {in vitro), the plasma protein binding of 
CARDENE was not altered. 


Pregnancy: Pregnancy Category C: There are no adequate 
and well-controlled studies in pregnant women. CARDENE 
should be used during pregnancy only if the potential 
benefit justifies the potential risk to the fetus. 


Nursing Mothers: It is recommended that women who wish 
to breast-feed should not take this drug 


Pediatric Use: Safety and efficacy in patients under the 
age of 18 have not been established. 


Use in the Elderly: Pharmacokinetic Parameters did not 
differ between elderly hypertensive patients (=65 years) 
and healthy controls after one week of CARDENE 20 mg 
TID. Plasma CARDENE concentrations in elderly hyperten- 
sive patients were similar to plasma concentrations in 
healthy young adult subjects when CARDENE was admin- 


, “Titrate as necessary to 
maximum of 40 mg TID. 


istered at doses of 10, 20 and 30 mg TID, suggesting that 
the pharmacokinetics of CARDENE are similar in young and 
elderiy hypertensive patients. No significant differences in 
responses to CARDENE have been observed in elderly 
patients and the general adult population of patients who 
participated in clinical studies. 


ADVERSE REACTIONS: in short-term {up tothree ~~ 
months) studies 1,910 patients received CARDENE alone or 
in combination with other drugs. in these studies, adverse 
events were generally not serious but occasionaily required 
dosage adjustment. Peak responses were not observed to 
be associated with adverse effects during clinical trials, but 
physicians should be aware that adverse effects associ- 
ated with decreases in blood pressure (tachycardia, 
hypotension, etc.) could occur around the time of the 

peak effect, 


Angina: The most common adverse events include pedal 
edema and dizziness in about 7% of patients; headache, 
asthenia, flushing and increased angina in about 6%; pal- 
pitations in about 3%; and nausea and dyspepsia in about 
2%. Adverse events occurring in about 1% of patients include 
dry mouth, somnolence, rash, tachycardia, myalgia, other 
edema and paresthesia. Sustained tachycardia, syncope, 
constipation, dyspnea, abnormal ECG, malaise, nervous- 
ness and tremor occurred in less than 1% of patients. 


In addition, adverse events were observed which are not 
readily distinguishable from the naturai history of the ath- 
erosclerotic vascular disease in these patients. Adverse 
events in this category each occurred in < 0.4% of patients 
receiving CARDENE and included myocardial infarction, M 
atrial fibrillation, exertional hypotension, pericarditis, heart 
block, cerebral ischemia and ventricular tachycardia. It is 
possible that some of these events were drug-related. 


Hypertension: The most common adverse events include 
flushing in about 10% of patients; headache and pedal 
edema in about 8%; asthenia, palpitations and dizziness in 
about 4%; tachycardia in about 3%; nausea in about 2%; 
and somnolence in 1%, Dyspepsia, insomnia, malaise, other 
edema, abnormal dreams, dry mouth, nocturia, rash and 
vomiting occurred in less than 1% of patients. 


Additionally, the following rare events have been reported: 
infection, allergic reaction, hypotension, postural hypoten- 
sion, atypical chest pain, peripheral vascular disorder, ven- 
tricular extrasystoles, ventricular tachycardia, sore throat, 
abnormal liver chemistries, arthralgia, hot flashes, vertigo, 
hyperkinesia, impotence, depression, confusion, anxiety, 
rhinitis, sinusitis, tinnitus, abnormal vision, blurred vision, 
increased urinary frequency. 


More detailed professionat information available on request. 


U.S. Patent No. 3,985,758 
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Hypercholesterolemia (type II hyperlipidemia) after 
cardiac transplantation is common and may play a 
role in the accelerated rate of coronary atheroscle- 
-rosis seen following the procedure. However, con- 
ventional cholesterol-lowering drugs are either 
ineffective or contraindicated for use in transplant 
recipients. The presence of type Il hyperlipidemia 
was identified in 11 cardiac transplant recipients 
during a mean follow-up period of 15 months 
(range 3 to 41) after transplantation. Lovastatin, at 
_ an initial dosage of 20 mg/day, was administered 
for a period of 1 year. The maximal dosage of 
lovastatin was 60 mg/day. All patients received 
maintenance dosages of immunosuppressive 
agents, including cyclosporine-A, prednisone and, 
in some instances, azathioprine. 
Lipid profiles, hepatic transaminases, serum 
creatinine, creatine kinase and cyclosporine-A se- 
. rum trough levels were measured quarterly. Total 
oe cholesterol decreased by 27% (354 + 50 vs 258 + 
-36 mg/dl, p <0.01) after 3 months and remained 
“stable thereafter. Similarly, low density lipoprotein 
cholesterol decreased by 34% (221 + 51 vs 146 + 
40 mg/di, p <0.01) after 3 months and remained 
constant. Triglycerides, high density lipoprotein, 
hepatic transaminases, creatinine, creatine kinase 
and trough cyclosporine-A levels remained stable 
during the 1-year follow-up period. Lovastatin was 
uniformly well tolerated in this study group. When 
given in modest dosages, lovastatin appears to be a 
safe, effective and well-tolerated therapy for hyper- 
- cholesterolemia in cardiac transplant recipients. 
See (Am J Cardiol 1989;64:631-635) 
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cholesterol values have been reported as early as 

3 months after cardiac transplantation.!:? Experi- 
mental evidence from animal models of mismatched _ 
cardiac allografts suggests that hypercholesterolemia 
predisposes to the development of graft atherosclerosis, 
particularly in the setting of immunologically mediated 
endothelial damage.3-5 Accelerated graft atherosclerosis 
is present in 40 to 50% of cardiac transplant recipients 
surviving 5 years and is responsible for almost half of all 
graft failures 2 years after transplantation.*” Recently, 
investigators® from Stanford examined potential risk 
factors for the development of graft atherosclerosis and 
found elevated total and LDL cholesterol—along with 
an excess of rejection episodes—to be significantly more. 
frequent in transplant patients requiring repeat trans- 
plantation. Because accelerated graft atherosclerosis is a 
major cause of late morbidity and mortality, aggressive 
treatment of elevated levels of total and LDL cholester- 
ol is justified. 

Recently, lovastatin, a 3-hydroxy-3-methyl-glutaryl- 
coenzyme A reductase inhibitor, was introduced for the 
treatment of hypercholesterolemia. In patients with 
nonfamilial hypercholesterolemia (type II hyperlipide- 
mia), lovastatin therapy has resulted in 22 to 32% de- 
creases in total cholesterol and 31 to 39% decreases in 
LDL cholesterol, in conjuction with 13 to 23% increases 
in high density lipoprotein (HDL) cholesterol.?!! In the 
general population, the major side effects of lovastatin 
have been elevation of serum transaminases in 2 to 3% 
of patients and development of myositis in 0.5% of pa- 
tients.!2 This latter side effect was initially reported 
in cardiac transplant recipients receiving cyclosporine 
therapy, and it has been associated with acute renal fail- 
ure in isolated instances. '3!¢ It is recommended that pa- 
tients receiving lovastatin undergo periodic surveillance 
studies for hepatic and muscular damage. These warn- 
ings notwithstanding, lovastatin is considered to be a 
safe, well-tolerated and efficacious medication for the 
treatment of hypercholesterolemia in the general popu- 
lation. However, in the cardiac transplant population, 
experience with lovastatin is quite limited. In the pre- 
sent study, 11 cardiac transplant patients with type II 
hyperlipidemia were given lovastatin and prospectively 
followed for a period of 1 year. 


B= total and low density lipoprotein (LDL) 


























METHODS 
From January 1984 to October 1987, 41 orthotopic 
cardiac transplants were performed at the Brigham and 





| TABLET Patient Profiles 







Age 
(yrs), 
Sex 


52, F 











2 43,M 

3 43,M 

4 61M 
Tos 51,M 
6 27M 

7 45,F 

8&8 21,M 

9 55,M 

10 28,F 











Average + SD 
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Indication 


Idiopathic 


Idiopathic 


idiopathic 


Ischemic 


Ischemic 


Idiopathic 


Postpartum 


Idiopathic 


Idiopathic 


Ischemic 


Ischemic 


“creatinine ( = cyclosporin 
me iio 


“4 standard deviatio 


tal holesterol NA 


immuno 


C/P/A 


C/P/A 


C/P/A 


C/P/A 


C/P 


c/P 


C/P/A 


C/P/A 


C/P/A 


C/P/A 


C/P/A 


(mos) 


41 


14 


12 


12 


; AST = 
= high 
eae meyeni 


Months 


354.450 
221451 

62419 
227 + 65 


e- aminatrarisferasa (U/iiter); C = cyclos 





248 
138 

33 
293 


259 + 36 
146 + 40 
65419 
238 + 117 


eime from transplant to institution of lovastatin. 





243 + 27 
141 +26 
60+18 
202 +71 


ine; CK = creatine kinase (U/ml): Cr = =. 
lipoprotein (mg/dl); LDL = low density lipoprotein (mg/dl); P = = proanisoner SD es 
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120 
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259. 
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ABLE I (cont'd) 


198 

1911 
2.1405 
38 + 25 
151 +59 
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Women’s Hospital. There were 39 perioperative su: 
vors. Immunosuppression initially consisted of cortico- 
steroids and cyclosporine-A. Azathioprine was given to 
selected patients based on frequency and severity of re- 
jection episodes or to alleviate cyclosporine-related renal 
dysfunction. In October 1987, 11 patients were given 
lovastatin therapy. The requirements for entry into the 
study were elevated total cholesterol (>250 mg/dl on at 
least 2 consecutive fasting determinations), a total ch 
lesterol to HDL ratio >4.5 and failure of dietary thera 
py, nicotinic acid treatment or both. Seven of 11 pa 
tients had been treated with nicotinic acid before insti 
tution of lovastatin therapy. Nicotinic acid at doses as 
high as 2 g/day resulted in <10% reduction in seru 
cholesterol. The initial dose of lovastatin was 20 mg 
day. This dose was increased by 20 mg increments to 
achieve a 25% reduction in total cholesterol values. Pa: 
tients continued to receive periodic nutrition counselin 
to maintain a prudent dietary intake. Patients were spe- 
cifically advised to immediately stop lovastatin should 
they develop any muscle cramps or tenderness. 
All laboratory measurements were performed by the 
Brigham and Women’s Hospital Clinical Laborator 
Division. Serum transaminases, creatinine, creatine ki- 
nase, total cholesterol and triglycerides were determined 
using the Technicon SMAC analyzer. HDL was mea- 
sured with the Kodak Ektachrome analysis technique. 
LDL was calculated using the formula: LDL = total 
cholesterol — HDL — 1/5 (triglyceride). Serum cyclo- 
sporine-A trough levels were measured using either _ 
a radioimmunoassay! or a fluorescence polarization 
method.!¢ a 
Statistical analysis was performed on laboratory val- 
ues after 3, 6 and 12 months of follow-up. Analysis of 
variance and Newman-Kuells analyses were used for all- 
comparisons. Values are presented as mean + standard . 
deviation. Statistical significance is defined as p <0.05.. 


RESULTS 


The patient demographic profiles are listed in Table 
I. There were 8 men and 3 women, whose mean age at 


——© TOTAL 


CHOLESTEROL (mg/dl) 














the time of entry into the study was 43.4 years (range 
-21 to 61). The indication for transplantation was idio- 
pathic cardiomyopathy in 6 patients, ischemic cardio- 
myopathy in 4 and postpartum cardiomyopathy in 1. 
The average time from transplantation to entry into the 
study was 15 months (range 3 to 41). The peak dose of 
lovastatin ranged between 20 and 60 mg/day. Five pa- 
_ tients received 20 mg/day, whereas another 5 received 
40 mg/day. Only 1 patient required 60 mg/day. Nine 
x patients were immunosuppressed with cyclosporine, cor- 
ticosteroids and azathioprine, whereas 2 received only 
cyclosporine and corticosteroids. Only patient 1 was hy- 
percholesterolemic before transplantation. Patient 3 de- 
veloped diabetes mellitus after transplantation and was 
being treated with glyburide at the time of entry into 
the study. Other medications included atenolol, capto- 
pril, enalapril, nifedipine, diltiazem, prazosin, nystatin, 
dipyridamole, furosemide, sulfamethoxazole/trimetho- 
prim and ranitidine. 

The response of total cholesterol and LDL cholester- 
ol to lovastatin treatment is shown in Figure 1. Total 
cholesterol decreased by 27% (354 + 50 vs 258 + 36 
mg/dl, p <0.01) within 3 months after instituting ther- 
apy (range 10 to 48%). Total cholesterol values re- 
mained stable and significantly lower than the pretreat- 
ment values (243 + 27 mg/dl at 6 months, p <0.01, 
and 250 + 45 mg/dl at 12 months, p <0.01). Similarly, 
LDL cholesterol decreased by 34% (range 18 to 58) 
during the initial 3 months of treatment. LDL choles- 
terol decreased from 221 + 51 to 146 + 40 mg/dl (p 
<0.01). LDL cholesterol remained stable thereafter 
(142 + 25 and 148 + 30 mg/dl after 6 and 12 months 
of follow-up, respectively). HDL cholesterol levels did 
not change throughout the entire course of therapy. Be- 
fore institution of lovastatin, HDL cholesterol was 62 + 
19 mg/dl. HDL cholesterol was 65 + 19 mg/dl after 3 
months, 59 + 18 mg/dl after 6 months and 62 + 22 
mg/dl after 12 months of therapy. There was no statis- 
tical difference among HDL values. Predictably, there 
was no response of serum triglycerides to lovastatin (dif- 
ference not significant). Initially, fasting serum triglyc- 
erides were 227 + 65 mg/dl. Triglycerides remained at 
238 + 117 mg/dl after 3 months, 202 + 70 mg/dl after 
6 months and 197 + 70 mg after 12 months of follow- 
up. Serum lipid values are listed in Table I. 

Hepatic transaminases, creatinine, creatine kinase 
and cyclosporine-A levels are listed in Table I. Both the 
aspartate aminotransferase and the alanine aminotrans- 
ferase values remained stable or declined slightly during 
the 12-month course of lovastatin therapy. Hepatic 
transaminases were normal during the entire period of 
the study. The initial mean aspartate aminotransferase 
value of 22 + 8 U/liter decreased to 16 + 8 U/liter at 
12 months of follow-up (difference not significant). Af- 
ter a mean pretreatment value of 22 + 10 U/liter, ala- 
nine aminotransferase decreased to 18 + 4 U/liter fol- 
lowing 12 months of therapy (difference not signifi- 
cant). Renal function, as measured by serum creatinine, 

also did not vary with administration of lovastatin. The 
ae initial mean Creatinine. value was Cae + 0.5 mg/dl, 
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whereas after 1 year it was 2.2 + 0.6 mg/dl (difference _ 
not significant). Creatine kinase values remained stable | 
during the 12-month course of lovastatin (35 + 24 U/ 
ml before treatment vs 38 + 25 U/ml after 1 year, dif- 
ference not significant). Finally, serum cyclosporine-A 
trough levels also remained constant. Therapeutic cyclo- 
sporine-A serum trough levels were easily maintained 
during the course of lovastatin therapy by periodic dos- 
age adjustment. Before institution of lovastatin, the 
mean cyclosporine level was 138 + 59 ng/ml. After 3 
months, the cyclosporine level was 151 + 60 ng/ml and 
after 1 year it was 130 + 100 ng/ml (both differences 
not significant). 

Lovastatin was uniformly well tolerated by the 11 
patients. No untoward side effects were reported by any 
of the patients and, specifically, at no time did any of 
the patients report symptoms suggestive of rhabdomyo- 
lysis. Routine ophthalmologic examinations did not 
identify the development of new lenticular opacities. 










































DISCUSSION 

Accelerated graft atherosclerosis has emerged as one 
of the major contributors to morbidity and mortality in 
the cardiac transplant population. Angiographic evi- 
dence of transplant atherosclerosis occurs in 44% of 
heart transplant recipients at a mean of 4.4 years after 
transplantation.’ Experimental evidence from animal 
and human studies demonstrates that hypercholesterol- 
emia in the presence of this immunologically mediated 
arterial injury contributes to the formation of atheroma- 
tous plaques that are histologically similar to those seen 
in man.>~> The relation of serum lipid levels to the de- 
velopment of graft atherosclerosis remains largely un- 
known. Total and LDL cholesterol values were found to 
be higher in patients with transplant atherosclerosis suf- 
ficiently severe to require retransplantation in compari- 
son with patients without transplant atherosclerosis.’ 
Therefore, the treatment of elevated total and LDL 
cholesterol in the cardiac transplant patient appears to 
be warranted. 

Hypercholesterolemia is common after cardiac 
transplantation and both corticosteroids and cyclospor- 
ine-A!7 have been implicated as playing deleterious 
roles in cholesterol metabolism. In this limited study, 
only 1 of 11 patients was hypercholesterolemic before 
cardiac transplantation. Nevertheless, all 11 patients de- 
veloped hypercholesterolemia soon after transplanta- 
tion. This persisted in the setting of diminishing doses of 
corticosteroids and cyclosporine-A, and the frequent ad- - 
dition of azathioprine. The level of total cholesterol pre- 
sent before institution of lovastatin placed all 11 pa- 
tients at or above the ninety-fifth percentile in compari- 
son with the general population. Nine of the 11 patients 
had LDL cholesterol levels at or above the ninety-fifth 
percentile. Hypercholesterolemia of this severity would 
provoke pharmacologic intervention in a noncardiac 
transplant population. on 
Recently, 3 reports were published describing. rhab- 




















plant patients who were. receiving lovastatin an 














domyolysis and acute renal failure in 5 cardiac trans- = 


-sporine-A.131418 The rhabdomyolysis appeared 1.5 to 
<16 months after institution of lovastatin. The daily dos- 


- age of lovastatin was 80 mg in 3 patients and 40 mg in 
the other 2. Three of these patients were simultaneously 


being treated with other lipid-lowering agents (gemfi- 
brozil in 2 patients and niacin in 1). One of the 5 pa- 
tients was also receiving cimetidine. One of the remain- 
ing 2 patients was receiving erythromycin for Legion- 
ella pneumophila. 

The mechanism underlying the rhabdomyolysis oc- 
casionally associated with lovastatin is unknown. Be- 
cause lovastatin undergoes extensive first-pass extrac- 
tion, it has been proposed that any drug that impairs 
hepatic function may decrease lovastatin extraction, re- 
sulting in elevated levels of metabolically available 
drug.!8 These increased levels of lovastatin are thought 
to be responsible for the rhabdomyolysis. Although 
cyclosporine-A has been postulated as the offending he- 
patotoxin in these cases, the 5 reported patients were 
receiving other hepatotoxic medications, specifically, 
gemfibrozil, erythromycin, cimetidine and niacin. The 
patient who was not taking a second potentially hepato- 
toxic drug in addition to cyclosporine-A was receiving 
the highest recommended dose of lovastatin. If the 
rhabdomyolysis occurred as a result of elevated levels of 
lovastatin, decreased extraction of lovastatin may have 
occurred as a result of an additive effect of potentially 
hepatotoxic medications rather than cyclosporine-A 
alone. Furthermore, rhabdomyolysis has been reported 
: -as a potential side effect of gemfibrozil- and erythromy- 
-< gin-induced alteration in cyclosporine metabolism. The 
etiology of rhabdomyolysis in these 5 transplant patients 
remains obscure. Certainly, this topic requires more re- 
search. 

In this study, lovastatin in doses ranging from 20 to 
60 mg was effective in lowering total and LDL choles- 
terol in the entire study population. The effects of thera- 
py were seen fairly rapidly, as both total and LDL cho- 
lesterol decreased by 30% within 3 months of beginning 
therapy. This result is similar to findings noted in trials 
of lovastatin in type II hyperlipidemic patients in the 
general population.>-!? During the entire 12-month peri- 
od of the study, no evidence of hepatic, muscle or renal 
- toxicity was noted. 

Lovastatin appears to be a safe and effective drug 
for the treatment of hypercholesterolemia in cardiac 
transplant patients. The patients who received lovastatin 
in this study were selected after dietary modifications. 
Of note, in 7 of the 11 patients, the administration of 
-nicotinic acid had failed to significantly decrease serum 
cholesterol levels. We carefully monitored these patients 
for an entire year, and meticulously avoided the admin- 
istration of potentially hepatotoxic drugs or other lipid- 
lowering agents. As stated previously, lovastatin was 
uniformly well tolerated. Thus, we are unable to report 
the development of any significant side effects during 


_ The etiology of hypercholesterolemia in the cardiac 
transplant population remains unknown. However, the 
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possible implications of hypercholesterolemia in the set- _ 
ting of immunologic vascular injury and accelerated 
graft atherosclerosis are grave. Our data suggest that 
lovastatin is an effective and safe method of treating 
hypercholesterolemia in this patient population. Cer- 
tainly, the recent reports of acute renal failure and 
rhabdomyolysis warrant periodic monitoring for evi- 
dence of hepatic, renal or muscle dysfunction. Patients 
should be forewarned of the significance of myalgias or - 
proximal muscle weakness. In the absence of other ef- 
fective therapy, cardiac transplantation should not be a 
contraindication to the use of lovastatin. 


Acknowledgment: We wish to thank Lisa McHale 
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it has been reported that use of 8 blockers may not 
be safe after cardiac transplantation because the 
denervated hearts may be largely dependent on cir- 
-culating catecholamines to increase cardiac output. 
Therefore, the effects of intravenous propranolol 
were studied during maximal treadmill exercise in 
-7 patients with heterotopic and 6 with orthotopic 
cardiac transplantations. An average decrease of 
about 15% in exercise duration (p <0.001), a 34% 
reduction in systolic blood pressure increase (p 
£0.05) and a 40% attenuation in heart rate in- 

- crease (p <0.001) were observed after £ blockade. 
> {n patients with heterotopic transplantation, 8 
blockade produced similar effects on heart rate in 
the denervated donor hearts and the innervated re- 
cipient hearts during and after mild exercise. Dur- 
` ing peak exercise, 6 blockade attenuated the rate to 
a greater extent in the donor hearts. 

Although the denervated donor heart is more 
sensitive to § blockade than the innervated recipi- 
ent heart during exercise, no adverse effects were 
observed. Beta-blocker therapy should be consid- 
ered for cardiac transplant patients if longer-term 
studies confirm their safe use in these patients. 

(Am J Cardiol 1989;64:636-641) 
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ccording to some studies, !? patients demonstrate 

normal increases in cardiac output and a nor- 

mal capacity for exercise after cardiac trans- 
plantation. The initial increase in cardiac output is me- 
diated through an increase in stroke volume. It is only 
during severe exercise that increases in heart rate and 
contractility contribute to the increase in cardiac out- 
put.? After heterotopic cardiac transplantation, we have 
previously observed that the donor and recipient heart 
rates are almost identical at peak exercise.? The in- 
crease in heart rate and contractility at peak exercise is 
thought to be predominantly mediated through circulat- 
ing catecholamines. Thus, these patients could be vul- 
nerable to 8 blockers during vigorous exertion.* This po- 
tentially deleterious effect has probably discouraged the 
use of 8 blockers for the treatment of hypertension or 
other conditions in transplant patients. There are, how- 
ever, few data available on the physiologic effects of, 
safety of and tolerance to 8 blockers in such patients. 
We therefore studied the short-term effect of intrave- 
nous propranolol during dynamic exercise in patients 
with heterotopic and orthotopic cardiac transplantation 
to assess the safety of and tolerance to intravenous pro- 
pranolol in these patients, and to determine whether in 
patients with heterotopic cardiac transplantation the do- 
nor heart is more sensitive to 6 blockade than the recipi- 
ent heart. 


METHODS 

Patients: We studied 13 patients who had under- 
gone cardiac transplantation 6 to 12 months earlier. 
Seven patients had heterotopic and 6 orthotopic cardiac 
transplantations. All were stable, compensated and had 
no evidence of active rejection. Table I lists the clinical 
characteristics of the patients. None of them was receiv- 
ing 6 blockers, digitalis or other cardiac drugs, nor did 
any have diabetes or other diseases that could affect the 
autonomic nervous system. 

The experimental protocol was approved by the In- `- 
stitutional Ethics Committee of Harefield Hospital. Al 
patients gave informed consent. i Ja 

Operative technique: Orthotopic and heterotopic 
cardiac transplantations were carried out according to a- 





: TABLE I Clinical Features 
l Age of 


Recipients 
t (yrs), Sex 
|: Heterotopic cardiac 
transplantation 


SNSSERE 
ngzzzzzz 


Orthotopic cardiac 
transplantation 
1 


| BSSERE 
zzzzzz 


Acy = acyclovir; Aza = 


azathioprine; 
Pre = prednisone; VHD = valvular heart disease. 


technique described previously.’ In addition, aneurys- 
mectomies with coronary artery bypass grafts to the re- 
cipient hearts were performed in 5 patients who had 
coronary artery disease (Table I). 

Exercise protocol: The heart rates of the donor and 
recipient hearts at rest and during exercise were ob- 
tained from electrocardiograms.? Baseline recordings 
were obtained after 10 minutes in the standing position. 

- Exercise was then started on a computerized treadmill 
- (Marquette Case) using the Bruce protocol. A 3-lead 
_ electrocardiogram was obtained in the first 5 seconds of 
each minute of exercise and every minute during recov- 
ery for at least 12 minutes. The heart rate was calculat- 
: ed from the mean of at least 3 consecutive RR intervals 
for each heart. Blood pressure was measured using a 
mercury sphygmomanometer at baseline and at peak 
-exercise in all 6 patients with orthotopic transplantation. 
= Recording of blood pressure was technically difficult in 
the patients with heterotopic transplantation during ex- 
_ercise because of the multiplicity of sounds. Patients 
were exercised until forced to stop by a subjective end- 
point such as fatigue, muscle weakness or dyspnea. 
All patients were studied before and 90 minutes af- 
ter the administration of 0.1 mg/kg of intravenous pro- 
< pranolol. Stepwise incremental infusions of isoprenaline 
were given before each exercise test (before and after 
- propranolol administration) to confirm 8-adrenergic re- 


cs ceptor blockade.® 


Analysis of heart rate changes: Transplanted hearts 
have a delayed rate of increase in heart rate during ear- 
ly mild exercise and a delayed rate of decrease during 
recovery.? Therefore, to examine the results within the 
appropriate physiologic background, heart rate changes 
were analyzed as follows: (1) from rest to the end of 
stage 1.of the Bruce exercise treadmill protocol; (2) 
e end of the third minute to peak exercise; (3) 


interval from 
Surgery to 
Study (mos) 


Underlying 
Pathology of 
Old Heart 


Drug 
Therapy 


CAD 
CAD 
CAD 
CAD 


Aza, Pre, Cyc, Asp, Dip 
Aza, Pre, Cyc, Asp, Dip 
Aza, Pre, Cyc, Asp, Dip 
Aza, Pre, Cyc, Asp, Dip 
CAD Aza, Pre, Cyc 

IDC Aza, Pre, Cyc, Asp, Dip 
IDC Aza, Pre, Cyc, Asp, Dip 


CAD Aza, Pre, Cyc, Asp, Dip 
CAD Aza, Pre, Cyc, Acy, D, Dip 
IDC Aza, Cyc, Asp, Dip 

IDC Aza, Cyc, Asp, D 

VHD Aza, Cyc, Acy, D 

Trauma Aza, Cyc, Asp, Dip 


Asp = aspirin; CAD = coronary artery disease; Cyc = cyclosporine; D = diuretics; Dip = dipyridamole; IDC = idiopathic dilated cardiomyopathy, 


during early recovery (0 to 3 minutes); and (4) during : 
late recovery (4 to 6 minutes). 

Statistical methods: Data are presented as mean + 
1 standard error of the mean. Analyses of variance were _ 
used to estimate the time to peak exercise and the heart 
rates for the different hearts at various times during ex- 
ercise, as well as changes in heart rates before and after 
B blockade. The individual patient was the unit of anal- 
ysis for all calculations. The structure of the data was 
complicated by the fact that some patients had 1 heart 
and some had 2. To account for the correlations of mea- 
surements within a patient, nested analyses of variance | 
were performed using the SAS Institute’s PROC GLM 
program.’ The means and standard errors are the SAS 
Institute’s. “least square means.” Significance tests were 
performed using the appropriate contrasts from the 
analyses of variance. 

Linear regressions were used in all analyses that 
compared heart rates before and after 8 blockade. This — 
approach corrected for the fact that the time to peak. 
exercise was shorter after 8 blockade than before it. For 
each patient, a line was fitted relating time to heart rate _ 
using the data obtained before 6 blockade. Then, the _ 
intercepts and slopes of these lines were used to estimate 
the heart rates at the time that corresponded to average 
peak exercise time after 8 blockade. The PROC GLM 
program’ was used to fit the lines and estimate the 
heart rates. A p value <0.05 was accepted as indicative 
of statistical significance. 


RESULTS 
Evidence of denervation and innervation: All 20 


hearts were in sinus rhythm and the electrocardiograms. 


did not show any evidence of atrioventricular conduc- 
tion abnormalities. All 13 donor hearts satisfied the. 
clinical criteria for denervation suggested by Mason and 



































TABLE Hl Summary of Effects of Beta Blockade on Exercise Duration, and Heart Rate at Rest, During and After Exercise* 






Beta 


Blocker Donor 


Variable 





Exercise 11.04 1.4 


duration (min) + 93414 
Differencet -1.7 +0.3 
Heart rate (0) 98 +3 
at rest + 8343 
(beats/min) Difference -1643 
Heart rate change o 1243 
from rest to 3-minute + 1243 
oo exercise (beats/min) Difference 0+2 
Heart rate change (0) 3447 
from 3 minutes to peak + 20+6 
exercise (beats/min) Difference -1543 
Heart rate change 0 -1146 
from peak exercise + -1445 
to 3 minutes after Difference +242 
cessation (beats/min) 
Heart rate change Q ~-16+1 
from 3 to 6 minutes + -7+2 
after cessation Difference -104 1? 


of exercise (beats /min) 


All values are mean + standard error. 
* Many of the i ted here are statistically significan 


there is a minor discrepancy between 





Harrison. The 7 recipient hearts demonstrated sinus 
arrhythmia and responded to carotid massage, the Val- 
salva maneuver, postural changes and isometric and dy- 
namic exercises in a manner consistent with intact in- 
nervation. 

Evidence of beta blockade after propranolol: Evi- 
dence of 8 blockade was elicited in all 13 patients given 
stepwise incremental isoprenaline infusions (5, 10, 15, 
20, 25 and 30 ng/kg/min). The heart rate responses 
“were markedly attenuated in both donor and recipient 
hearts after propranolol. The protocol and the results of 
the maneuver, including the results from patients in this 
study, have been described previously.® 

Exercise tests: DURATION OF EXERCISE: After pro- 
pranolol, the duration of exercise was reduced in all 13 


Heart Rate (bpm) 





comparisons suggest t. The relevant p values are presented in the text; t the “difference” is the mean heart rate or time before and 
after 6 blockade (minor discrepancies are due to rounding); + in 1 patient, a data point is missing. Because the difference is calculated based only on the hearts with complete data, 
the difference in the table and that obtained by direct subtraction of “+” from “O”. 





Control 


VOLUME 64 


Two Hearts 






Donor Own 





8041.1 
“19403 






























11243 105 +4 
9642 8944 
~1642 ~1643 
944 1945 
92 1744 
+0.443 -343 
30 +4 2945 
1143 1644 
-1943 ~1224 
-1245 -39+3 
-1345 ~38 +4 
+0442 0.443 
-1343 -7+2 
-742 242 
-6Ł1 










patients from 10.4 + 0.8 to 8.6 + 0.9 minutes (p 
<0.001). Similar decreases in exercise duration were 
observed in patients with orthotopic and heterotopic 
transplantations (Table ID. 

None of the patients reported any undue breathless- 
ness or dizziness during the exercise tests before and 
after 8 blockade. 

HEART RATES AT REST: The average heart rate at rest 
in donor hearts was 98 + 3 beats/min in patients with 
orthotopic transplantation and 112 + 3 beats/min in 
those with heterotopic transplantation. These rates dif- 
fered significantly (p <0.05). The average heart rate at 
rest in recipient hearts in patients with heterotopic 
transplantation was 105 + 4 beats/min, which was sig- 
nificantly slower than the heart rate at rest in donor 


FIGURE 1. Effect of 6 blockade on 
heart rate at rest in the recipient 


cant for all 3 heart types (p <0.01). 





‘Beta Blocker 









hearts (112 + 3 beats/min) in the same patients (p 

05). 

After propranolol, the heart rates decreased signifi- 
cantly, by about 16 beats/min in the 2 sets of donor 
hearts and in the recipient hearts (p <0.001 for each 
- eategory) (Figure 1). 

CHANGES IN HEART RATES DURING EXERCISE: In pa- 
tients with orthotopic transplantation before proprano- 
lol, the mean heart rate at the end of the third minute of 
exercise was 111 + 4 beats/min and the maximal heart 
rate was 145 + 7 beats/min. After propranolol, the cor- 
responding values were 95 + 3 and 114 + 7 beats/min, 
respectively. 

Before propranolol, in patients with heterotopic 
transplantation, the heart rates at the end of the first 3 
minutes were 121 + 3 beats/min for donor hearts and 
124 + 4 beats/min for recipient hearts. At peak exer- 
« cise, they were 151 + 2 and 152 + 3 beats/min, respec- 
< tively. After propranolol, at the end of the first 3 min- 

~ utes of exercise, the heart rates were 106 + 2 beats/min 
for donor hearts and 105 + 4 beats/min for recipient 
hearts. At peak exercise, they were 117 + 3 and 121 + 
6 beats/min, respectively. 

The increase in heart rate at the end of the first 3 
minutes of mild exercise (stage 1, Bruce protocol) was 
significantly less in the donor hearts of both groups of 
transplant patients than in the recipient hearts of pa- 
tients with heterotopic transplantation (both p <0.01) 
(Table I). Beta blockade had no effect on the heart 
-= rate increase during this period in any of the 3 catego- 
- fies of hearts (Figure 2). 

i Before 8 blockade, from the end of the third minute 
to peak exercise, the heart rates increased by similar 

amounts in both donor and recipient hearts in patients 
with heterotopic transplantation and in donor hearts in 
patients with orthotopic transplantation. Although 8 
‘blockade significantly attenuated the increase in heart 
rates in both donor and recipient hearts in patients with 
heterotopic transplantation (both p <0.001), the donor 
hearts showed a significantly greater degree of attenua- 
tion than the corresponding recipient hearts (p <0.02) 
in the latter group of patients (Figure 3). In patients 
‘with heterotopic transplantation, the overall increase in 
_donor heart rate was attenuated by 65 + 8%, compared 
-with 45 + 9% in recipient heart rate. In patients with 
orthotopic transplantation, the attenuation was 45 + 
“5%. 

CHANGES IN HEART RATES DURING RECOVERY: During 
the first 3 minutes of recovery, the decrease in heart 
rate in donor hearts was significantly less than that seen 
in recipient hearts (p <0. 001), both before and after 6 
blockade. The donor hearts in patients with orthotopic 
transplantation showed decreases similar to those of do- 

nor hearts in patients with heterotopic transplantation. 
A substantial proportion of donor hearts (8 of 13 donor 
hearts before 8 blockade and 4 of 13 after 8 blockade) 
had persistently elevated rates during the early recovery 
phase. By contrast, rates in the recipient hearts de- 

sed rapidly on cessation of exercise. During the sec- 

d 3 minutes of recovery, the rates in the donor hearts 

th categories . patients continued to decline (p 


<0.01 compared with the recipient hearts). Beta block- 
ade had no effect on the rate of decrease in heart. rates 


in any of these hearts during recovery from exercise — 


(Table II). : 

CORRELATION BETWEEN CHANGES IN HEART RATE IN THE- 
DONOR AND RECIPIENT HEARTS IN PATIENTS WITH HETERO- 
TOPIC TRANSPLANTATION: The 2 heart rates at rest corre- 
lated with each other before (r = 0.69, p <0.05) but not © 
after 8 blockade (r = 0.39, difference not significant). 
The changes in heart rate during the first 3 minutes of 
exercise also were correlated (r = 0.92, p <0.001), 
well as the changes from the third minute to peak exe 
cise (r = 0.78, p <0.02). After propranolol, the heart 
rates during each period continued to correlate with 
each other (r = 0.85, p <0.01 during the first 3 minute 
of exercise; r = 0.78, p <0.02 during the third minute to 
peak exercise). 

CHANGES IN SYSTOLIC BLOOD PRESSURE: In all 6 pa 
tients with orthotopic transplantation, systolic blood. 
pressure increased significantly during exercise, both 
before (from 128 + 6 to 158 + 5 mm Hg, p <0.01) and 
after (from 126 + 3 to 146 + 4 mm Hg, p <0.05) 6 
blockade. After propranolol, systolic blood pressure-at _ 
rest did not change significantly, but the increase during © 
exercise was significantly attenuated (by 34 + 5%, p 
<0.05). 


DISCUSSION 

This study addresses the issues of safety of and toler- 
ance to 8 blockers in patients after cardiac transplanta- 
tion. Animal experiments? and studies in human sub- 
jects* have both questioned the safety of 8 blockers after 
cardiac transplantation. By contrast, none of our pa- 
tients developed the symptoms of extreme exhaustion or 
dizziness when exercised after propranolol as previously 
reported by Bexton et al.4 However, we observed that. 


ER Recipient Heart.) = 
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Heart Rate (bpm) 


FIGURE 2. Effect of 8 blockade on the increase in heart rate 
during the first 3 minutes of exercise In the recipient and do- 
heterotopic cardiac 


studies and in those performed after 6 blockade (p <0.01)- 
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exercise duration, peak heart rate and systolic blood 
|. pressure were attenuated during exercise after the ad- 
ministration of propranolol, which is consistent with the 
report by Bexton et al.4 

Effect of beta blockade on changes in heart rate 
during exercise: The interrelation between heart rate 
changes of the denervated and innervated hearts during 
exercise in patients with heterotopic transplantation has 
been described before? The changes in donor heart 
- rates noted in this study are similar to those previously 
described in patients with orthotopic cardiac transplan- 
tation.!:24 Our finding that heart rates at rest of donor 
hearts in patients with orthotopic and heterotopic trans- 
plantation were reduced by propranolol is consistent 
-with the reports of Donald et al? in experimental cardi- 
ac denervation and of Bexton,* Beck!° and their co- 
workers after human orthotopic transplantation. 

This study additionally examined the effect of 6 
blockade on the transplanted hearts during exercise, us- 
ing recipient hearts as “controls.” In our patients with 
heterotopic transplantation, the average heart rate at 
rest was consistently higher in donor hearts than in the 
corresponding recipient hearts both before and after 8 
blockade, partly because of the presence of vagal tone in 
the innervated recipient hearts. Furthermore, experi- 
mentali! and clinical studies® have demonstrated in- 
creased -adrenergic sensitivity to circulating catechol- 
amines in donor hearts; this may contribute to their in- 
creased heart rates at rest. Beta blockade produced a 
similar reduction in the heart rates at rest of both 
hearts, suggesting that the presence of circulating cate- 
cholamines was a major modulator of heart rate at rest 
in these patients. This is supported by the high correla- 
tion observed between the 2 heart rates at rest, which 
was not seen after 8 blockade. 

During mild exercise, the heart rates increased to a 
greater extent in the recipient hearts both before and 
after 6 blockade. These increases appeared to be unaf- 
fected by 6 blockade in both donor and recipient hearts. 
The mechanism mediating this increase in rate in the 
donor hearts remains unclear. The strong correlation 


Heterotopic Cardiac Transplantation 


B. Donor Heart 
<0.01 
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Heart Rate (bpm) 
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Transplantation 


Donor Heart 


Control Beta Blocker Control. Beta Blocker Control Beta Blocker 


between the increases in rates in the 2 categories of. 
hearts during low-level exercise indicates the presence 


of some chronotropic mechanisms, common to innervat- 
ed and denervated hearts, that are independent of circu- 
lating catecholamines and sympathetic or vagal innerva- 
tion, !2-14 

With more severe exercise, donor and recipient 
hearts increased their rates similarly so that at peak ex- 
ercise they were almost identical. This suggests that up- 
regulation of 8 receptors in the denervated heart®!! 
might be sufficient to overcome lack of nerve stimula- 
tion. After 8 blockade, however, the increase in heart 
rate was attenuated to a greater extent in donor hearts 
than in recipient hearts, so that at peak exercise the 
donor hearts had a significantly lower heart rate. These 
observations are consistent with the onset of action of 
circulating catecholamines during severe exercise.! The 
denervated donor heart may be predominantly depen- 
dent on this mechanism, whereas the innervated recipi- 
ent heart might be able to partly overcome the effects of 
8 blockers by release of norepinephrine at the neural 
synaptic clefts. This may explain why 8 blockade has a 
greater effect on attenuating the rate of the donor heart 
at this point. 

After cessation of exercise, the donor heart rate 
tended to remain elevated, whereas that of the recipient 
hearts rapidly decreased to the levels seen before exer- 
cise. The mechanism of this “postexercise tachycardia” 
is likely due to persistently elevated levels of catechol- 
amines after exercise, similar to that reported in normal 
persons.!° These changes were not seen in the recipient 
hearts, which, as a result of vagal stimulation, quickly 
decreased the heart rate after exercise. After 8 block- 
ade, the postexercise tachycardia in the donor hearts 
tended to be lower, suggesting again the possible in- 
volvement of circulating catecholamines. However, this 
hypothesis needs confirmation in future studies. 

Systolic blood pressure significantly increased during 
exercise in all 6 patients with orthotopic transplantation, 
which was consistent with the observations of Stinson et 
al? and in contrast to those of Bexton et al.4 Although 8 
















FIGURE 3. Effect of § blockade on 
the increase in heart rate after the 
third minute of exercise to peak ex- 
ercise in the recipient and donor 










<0.01 


heart rate increase after § blockade 
is significantly lower than at the 
control study (p <0.01). 

























blockade attenuated blood pressure response in all pa- 
, this outcome does not appear to be substantially 
ferent from that observed in nontransplant patients 
and normal subjects by other investigators.'©!* 
implications of this study: This study demonstrates 
that the exercise tachycardia of the denervated heart is 
preferentially attenuated by -blocker administration. 
: Despite this, there was only a small reduction in exer- 
cise capacity with no apparent adverse effects. If longer- 
< term studies with prolonged 6 blockade confirm these 
results, then transplant patients may be safely given 8 
blockers to treat hypertension, arrhythmias, ischemia 
-and so on. Care should be taken in selecting patients 
and. in titrating individual dosages. 
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Exercise Capacity During the First Year- : 


After Cardiac Transplantation 





Arthur J. Labovitz, MD, Ami M. Drimmer, PhD, Lawrence R. McBride, MD, 
D. Glenn Pennington, MD, Vallee L. Willman, MD, and Leslie W. Miller, MD 


Few data are available examining the influence of 


_ perioperative clinical parameters on exercise ca- 
pacity after cardiac transplantation. Accordingly, 
40 patients were studied by metabolic exercise 
testing early (1 to 3 months) and late (6 to 12 
months) after cardiac transplantation. Various clin- 
ical parameters, including congestive heart failure 
class, length of hospital stay, age, cold ischemic 
time and histologic evidence of rejection were cor- 
related with exercise capacity after transplantation. 
As expected, peak exercise capacity correlated in- 
versely with both age and length of hospital stay. 
There was no correlation with preoperative conges- 
tive heart failure class or heart rate at rest. Inter- 
estingly, there was a statistically significant corre- 
lation between cold ischemic time and exercise ca- 
pacity after transplantation. In addition, increased 

_ episodes of rejection during the first 6 months after 
transplantation resulted in statistically lower exer- 
cise capacity at 6 to 12 months after the operation. 

< Thus, ischemic damage during transport of the 

donor organs and subclinical damage during early 
rejection may affect clinical status after heart 
transplantation and may only be apparent during 
increased physical demand such as exercise. 

(Am J Cardiol 1989;64:642-645) 
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form of therapy for selected patients with end- 

stage cardiac disease.!-3 After successful cardiac 
transplantation, the quality of life and exercise capacity 
are markedly improved compared with the preoperative 
state, and return to gainful employment is a feasible 
option for the patient. Although previous studies have 
shown that improvement in exercise capacity after car- 
diac transplantation is similar to that observed in nor- 
mal subjects,+° when total functional capacity is mea- 
sured and expressed in terms of oxygen consumption, 
the transplant patient has approximately 33% lower val- 
ues than age-matched normal subjects.** Although the 
hemodynamic and circulatory adjustments responsible 
for this diminished capacity have been extensively stud- 
ied,*+!? little data exist examining the influence of vari- 
ous clinical parameters on exercise capacity after cardi- 
ac transplantation, and how these parameters effect the 
adaptation of the denervated heart to exercise during — 
the year after orthotopic cardiac transplantation. L 


Cis transplantation has become the accepted 


t 





METHODS 
Study population: The study group consisted of 40 
patients (35 men and 5 women) who underwent ortho- 
topic cardiac transplantation at St. Louis University be- 
tween January 1983 and July 1987. Only patients in 
whom metabolic exercise testing was performed both 
during the perioperative period (1 to 3 months after the 
operation) as well as 6 to 12 months after transplanta- 
tion were included in the study. The mean age at the 
time of transplantation was 40 + 12 years (range 10 to 
60). Underlying disease necessitating transplantation in- 
cluded ischemic cardiomyopathy (14 patients) and idio- E 
pathic dilated cardiomyopathy (22 patients). 
Clinical characteristics: Clincial variables were col- 
lected for later comparison with exercise performance. 
These included congestive heart failure class at time of 
transplantation, North American Transplant Coordina- 
tors Organization (NATCO) class, length of hospital 
stay and cold ischemic time (time from explantation of 
donor heart to implantation in recipient). The. number _ 
of rejections during the first and second months of the 
year after transplantation also was recorded. Cardiac - 
rejection was defined by histology on a scale of 0°to 4, 
where 0 = no evidence of rejection, 1 = mild focal lym- = 
phocytic infiltration without necrosis, 2 = focal lympho- i 
cytic infiltration with myofiber necrosis, 3 = multifocal 
or diffused lymphocytic infiltration with 




















crosis and 4 ‘Severe necrosis with neu 


ABLE! Results of Metabolic Gas Analysis and Exercise Variables 


132417 
148+ 16 
<0.01 


Inc HR (%) Voz (mi /kg/ min) 


36 +0.17 
4340.15 
0.07 


“AT = anaerobic threshold; HR = heart rate; Inc = increase; Max = maximal METs obtained; PO = postoperative; VO2 = oxygen consumption. 


tion. Patients were treated for biopsy grades of 22. 
Treatment consisted of intravenous solumedrol, 1 g, giv- 
en daily for 3 days in 89% of the rejection episodes, and 
antilymphoblast globulin in 11%. Although high dose 
corticosteroids have the potential to influence exercise 
‚capacity, there was no correlation between the observed 
-phenomenon and the antirejection regimen used. 
"Exercise protocol: Patients exercised according to 
an identical protocol both in the postoperative (1 to 3 
~<months) and follow-up (6 to 12 months) studies. No 
patient exercised within 3 weeks of an episode of rejec- 
tion. After pretest baseline electrocardiogram and blood 
¿pressure measurements, the patient was linked to a gas 
analyzer (Medical Graphic Corp.) and assumed an up- 
right position on the treadmill for approximately 60 sec- 


nds of pretest data collection. Patients then exercised 


according to a modified Bruce protocol. Simultaneous 
continuous monitoring of the electrocardiogram (3 
channels), blood pressure and breath-by-breath mea- 


Heart Rate (B/min) 





Peak 
Exercise 


surements of oxygen uptake was performed. Twelve- 
lead electrocardiograms were obtained every 3 minutes 
during exercise and every 1 minute after it. Exercise 
tests were symptom-limited (severe dyspnea, lighthea- 
dedness or fatigue) or were terminated for adverse signs: 
including marked hypertensive response, decrease in 
blood pressure or abnormal electrocardiographic 
changes. The gas analyzer system’s output included _ 
oxygen uptake METs, carbon dioxide production, veni 
latory rate, minute ventilation, ventilatory equivalent fi 
oxygen and carbon dioxide, and respiratory exchange | 
ratio. The anaerobic threshold was determined by iden- 
tification of the point in time when minute ventilation 
and terms of oxygen consumption no longer had a linear 
correlation. i 
Statistics: Postoperative and follow-up data in each 
patient were compared by paired Student ¢ tests. Re- 
peated measures of heart rate during a single test were 
compared by analysis of variance for repeated me: 
sures. Comparison of continuous variables was pe 
formed using standard methods of linear regression. 
Spearman’s rank correlation coefficient was used to co: 
relate noncontinuous variables. Data are presented 
mean + standard deviation, with a p value <0.05 con- 
sidered statistically significant. 


RESULTS 
Exercise in the transplant patient: Table I lists he 
results of metabolic gas analysis and exercise variables. 
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FIGURE 3. Correlation between the maximal METs obtained 

during exercise at 1 to 3 months after transplantation and age 

- (A) and length of hospital stay (B). Both young age and short 
hospital stay predicted higher exercise capacity (p <0.05). 
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in the e ady population. The study group showed a per- n 
sistent tachycardia at rest postoperatively (98 +I 
beats/min), which increased on the follow-up examina- 


tion at 6 to 12 months. The heart rate increased slowly 
in the denervated heart and showed significant increases 
only in the latter stages of exercise. These increases usu- 
ally peaked in the first 3 minutes of recovery (Figures 1 
and 2). In fact, all but 3 patients had higher heart rates 
during recovery than at maximal exercise. The maximal 
METs obtained, as well as the MET level at the anaero- 
bic threshold, showed improvement in the follow-up ex- 
ercise study when compared with the postoperative 
study (both p <0.01). The oxygen uptake also was cor- 
respondingly increased during the follow-up exercise 
study. 

Correlation with clinical variables: The peak exer- 
cise METs obtained at 1 to 3 months after transplanta- 
tion correlated inversely with age and length of hospital 
stay (Figure 3), but not with preoperative congestive 
heart failure class, NATCO class or resting heart rate. 
The peak exercise METs obtained at 6 to 12 months 
after transplantation correlated with the number of re- 
jection episodes during the first 6 months after trans- 
plantation. In addition, there was a weak but statistical- 
ly significant correlation between cold ischemic time 
and exercise capacity (that is, the longer the cold isch- 
emic time, the less the exercise capability at follow-up 
testing) (Figure 4). Both anaerobic threshold and maxi- 
mal METs obtained at 1 to 3 months correlated strong- 
ly with the respective parameters at 6 to 12 months 
(Figure 5). 


DISCUSSION 

Although previous studies have examined exercise 
parameters after orthotopic cardiac transplantation,*®® 
none has compared these parameters in a systematic 
fashion to the perioperative clinical status of the patient 


or to the indexes affecting the transplanted heart, in- 


cluding cold ischemic time and postoperative evidence 
of rejection. The present study confirms the results re- 
ported by previous investigators describing the response 
to exercise of the denervated heart after cardiac trans- 
plantations. 
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Although overall exercise capacity appears similar to 
tha t achieved by age-matched normal subjects, several 
unique features in this population deserve comment. 
The heart rate response to exercise is delayed.4® Early 
after the initiation of exercise, the heart rate increases 
rather slowly. This attenuated heart rate changes signif- 
icantly toward the end of exercise and continues to in- 
‘crease during the first part of recovery. Such a response 
reflects the changes in circulating catecholamines, their 
level increasing slowly through the first level of exercise, 
then much more rapidly in the latter stages and staying 
elevated during the first few minutes of recovery. This 
causes a delay in heart rate deceleration.* Cardiac out- 
put, however, increases throughout the exercise peri- 
__od.45.8 Due to the delay in heart rate response, the early 

increase in cardiac output is the result of increase in 
stroke volume due to the activation of the Frank-Star- 
ling mechanism.‘ Later, as the exercise progresses, con- 
tinued increases in cardiac output are the result of in- 
"creases in heart rate mediated by the increased levels of 
circulating norepinephrine. The peak oxygen consump- 
‘tion achieved is approximately 33% lower in transplant 
patients than in normal subjects.°* The maximal 
achieved heart rate also is lower in this population com- 
“pared with normal persons.*+°® This inability to achieve 
the same heart rate level might be responsible for the 
decreased oxygen consumption observed. Work time 
also is shorter in this population. Most tests are stopped 
“due to leg fatigue, which occurs earlier in the transplant 
population and is due to the significant increases of lac- 
tate levels. The patients in the present study reached 
their anaerobic threshold at 82% of their achieved oxy- 
gen consumption. This value seems to be high, indicat- 
- ing a good functional capacity. However, if one corrects 
: the achieved oxygen consumption max to normal values 
(achieved by the innervated heart) one can see that the 
transplant patients reach the anaerobic threshold at 
57% of predicted maximum, that is, the level of an un- 
trained subject. This lower level of anaerobic threshold 
also was reported by Kavanagh et al.® It seems that the 
anaerobic threshold is independent of cardiac output 
and relates more to peripheral adaptation to exercise. 
Correlating the exercise capacity in our population 
of transplant patients to a variety of clinical parameters, 


we have demonstrated that preoperative congestive 
heart failure class, NATCO class or postoperative heart 
rate at rest were not related to exercise capacity after 
transplantation. However, cold ischemic time did corre- 
late, although weakly, with postoperative exercise ca- 
pacity, indicating perhaps ischemic injury to the trans- 
planted organ that could only be demonstrable during. 
exertion. In addition, not surprisingly, exercise capacity 
after transplantation correlated inversely with age and 
length of hospital stay, demonstrating the well-de-— 
scribed phenomenon of the deconditioning effect of bed 
rest. Both factors presumably would have influenced the 
physical conditioning of our population after transplan- 
tation. It also is interesting to note that exercise capaci- 
ty during the first 3 months after transplantation is 


highly predictive of exercise capabilities during the year o 


after transplantation and probably in the long term. 
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Influence of Age and Sex on Left Ventricula 
Filling at Rest in Subjects Without Clinical | 
Cardiac Disease 


Lawrence J. Sinak, MD, and lan P. Clements, MD 


Left ventricular (LV) filling at rest was studied by 


radionuclide ventriculography using alternate R- 
wave gating in 42 patients (29 men, 13 women) 
who had a low likelihood of cardiac disease. LV fill- 
ing measurements differed little between men and 
women. Age was correlated positively with atrial 
filling duration (r = 0.55), atrial filling duration 
fraction (r = 0.52) and atrial filling fraction (r = 
0.56) and negatively with rapid filling fraction (r = 
—0.58). Age was not correlated with peak filling 
rate, time to peak filling rate and first-half filling 
fraction. The heart rate at rest was significantly 
negatively correlated with rapid (r = —0.62), slow 
(r = —0.81) and atrial (r = —0.72) filling durations, 
but not with isovolumic duration. The heart rate at 
rest was weakly positively correlated with peak fill- 
ing rate in end-diastolic volume per second (r = 
0.36) and negatively correlated with first-half fill- 
ing fraction (r = 0.35). Systolic pressure at rest 
influenced atrial filling duration. LV ejection frac- 
tion and end-diastolic volume index were not corre- 
lated significantly with LV filling in relatively 
normal subjects. 

(Am J Cardiol 1989;64:646-650) 
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dependent process involving the interaction of 
cellular and myocardial factors and cardiac load- 
ing conditions.! Furthermore, abnormalities of LV fill- 
ing may occur with or without abnormalities in systolic 
function in several disease states, including hypertrophic 
cardiomyopathy? and hypertension.3 
Recently, there has been increasing interest in the 
noninvasive measurement of LV filling characteristics. 
Before these characteristics can be used to diagnose ab- 
normal conditions, a proper understanding of their nor- 
mal values and variability must be obtained. These 
characteristics can be measured by a technique that ob- 
tains accurate LV time-activity curves by the applica- 
tion of alternate R-wave gating to standard blood-pool 
left ventriculography.* Accordingly, the purpose of this 
study was to define the normal range for features of 


I eft ventricular (LV) filling is a dynamic, energy- 


diastolic filling by use of this specific technique and to 


examine the influence of age and sex on these normal 
values. 


METHODS 
Selection of patients: Patients undergoing routine 


diagnostic exercise radionuclide ventriculography for as- ` 


sessment of chest pain atypical for myocardial ischemia 
were screened prospectively. Patients included in the 
study had no cardiac abnormality by history or on phys- 
ical examination, chest radiograph or electrocardio- 
gram, were not taking cardiac medications, including 6 
blockers and calcium antagonists, and were not hyper- 
tensive or taking antihypertensive agents. Only patients 
with normal LV ejection fraction (>0.50) and wall mo- 
tion at rest, without a decreased LV ejection fraction by 
20.05 or wall motion abnormalities with exercise, and 


without exercise-induced electrocardiographic abnor- . 





malities were included. All other patients were exclud- = 


ed. Forty-two patients were considered suitable for the: 
study. Of these 42 patients, 37 (88%) achieved a rate- 


pressure product >21,000 mm Hg X beats/min.and. 
none was considered after testing to have significant — 


cardiac disease. 


Determination of filling characteristics: Radio. 7 


nuclide ventriculography at rest was performed in all 
patients by gated blood-pool imaging with red cell label- 
ing by the method of Callahan et al. 5 For the study of 








‘ABLE! Early Filling Measurements in 42 Patients Without Cardiac Disease 
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608 + 146 
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173 +31 
169 + 32 
178 + 29 


2.94 + 0.45 
2.84 + 0.46 
3.12 + 0.37 


PFR, SV/s mi/m?/s 


0.72 40.11 
0.73 £0.11 
0.70 +0.11 


277 + 82 
274 + 64 
283 4 112 


4.75 + 0.84 
4.73 + 0.88 
4.79 + 0.73 


EDV = end-diastolic volume; FF = first-half filling fraction; FD = filing duration; PFR = peak filling rate; SV = stroke volume; TPFR = time to peak filling rate. 


separation of the right and left ventricles. Cardiac activ- 
ity was acquired by a dedicated computer (A?, Medical 
Data System), with the gate triggered on every other R 
-wave (alternate R-wave gating), and with the use of 56 
frames in the interval between consecutive gating sig- 
nals. This acquisition was processed in a standard man- 
“ner (MUGE, Medical Data Systems) and produced a 
time-activity curve that encompassed 2 composite cardi- 
-ac cycles. The time-activity curve of the first of these 
“composite cycles outlined rapid, slow and atrial filling 
(Figure 1) and was used to study LV filling. This meth- 
od. has been found previously to give identical time-ac- 
tivity curves and LV filling measurements to those de- 
rived from list-mode acquired data.* 

The LV filling measurements were made as shown 
in Figure 2. The filling duration was defined as the in- 
terval between the end of LV emptying (minimal activi- 
ty on the LV time-activity curve) and the commence- 
ment of the next cycle of emptying. 

The time to peak filling rate was the interval be- 

tween the onset of LV filling and the point of the peak 


_ filling rate on the LV filling curve. The peak filling rate 


-was the maximal value of the first derivative of the ac- 
- tivity-time curve in the first rapid-filling period. This 
was expressed in end-diastolic volumes per second, in 
“stroke volumes per second and in ml per meters squared 
per second. LV volumes were calculated from a previ- 
ously derived relation between LV activity and volume.® 
The first-half filling fraction was the fraction of stroke 
volume (activity) filled during the first half of the filling 
period. 
Four phases usually were identified by inspection of 
the LV filling curve. An initial phase of slow filling oc- 
‘curred immediately at the onset of LV filling and termi- 


FIGURE 1. Curve of activity versus 
time obtained by use of alternate R- 
wave gating. Left, raw data (activi- 
-ty versus time). Right, smoothed 

: volume versus 


Counts x 104/frame 


curve (end-diastolic 
time). EDV = end-diastolic volume. 
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nated with the onset of the first rapid phase of LV fill- 
ing. This first slow phase of LV filling was considered — 
consistent with the isovolumic phase by Betocchi et al.’ 
The first rapid filling phase ended in a second slow: 
phase of LV filling. The second slow phase of LV filling 
ended with the onset of the second rapid phase of LV 
filling, the atrial filling phase. The times (in ms) of the 
4 phases were the isovolumic, rapid, slow and atrial fill- . 
ing phase durations, respectively. These 4 intervals also _ 
were expressed as fractions of the filling duration. The - 
rapid, slow and atrial filling fractions were calculated as. 
the fractions of stroke volume (activity) that had filled 
during the rapid filling phase (which included the iso- 
volumic filling phase) and the slow and atrial filling 
phases, respectively. ae 
Variability of left ventricular filling measurements . 
by alternate R-wave gating: In an additional 19 pa- 


tients (10 with coronary disease, 9 with atypical chest 


pain) the variability of measurements of filling dura- _ 
tion, peak filling rate, time to peak filling rate and first- 
half filling fraction was estimated. The mean LV ejec- 
tion fraction was 0.59 + 0.15 (standard deviation) in 
these 19 patients. 

Interobserver variability was studied in 8 patients. 
Two observers independently generated LV time-activi- » 


ty curves and determined LV filling measurements, as- 


indicated before, from the same data acquired from al- 


ternate R-wave gating. To assess intraobservation vari-. 


ability, a single observer calculated LV filling measure- 
ments by alternate R-wave gating from 2 different ac- 
quisitions on the same day, 10 to 15 minutes apart, in 
each of the 11 patients. 

Statistics: Descriptive statistics were expressed as 
mean value + 1 standard deviation. Comparisons were 
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ade by the Student t test for either faired or noad 
data when appropriate. 
The various LV filling characteristics were correlat- 


<- ed with age and hemodynamic values at rest. 


RESULTS 


“The 42 patients ranged in age from 28 to 72 years 
(mean 50 + 10). There were 29 men and 13 women, 
mean ages 48 + 9 and 52 + 11 years, respectively. The 
mean heart rate, systolic and diastolic arterial pressures, 
` LV ejection fraction, and end-diastolic and end-systolic 
volume indexes at rest in the 42 patients were 65 + 10 
beats/min, 131 + 14 and 82 + 7 mm Hg, 0.63 + 0.06, 


FIGURE 2. LV time-activity curve shows determination of fill- 
ing measurements. A = onset of filling; B = end of isovolumic 
phase; C = point of peak filling rate; D = end of rapid filling 
phase; E = end of slow filling phase; F = end of filling. 


95 + 25 and 36 $I mi/m?, ; espectively. of these ee 
measurements, all except the end-systolic volume index 
were not significantly different between the 29 men and 


13 women. The end-systolic volume index was larger (Pp 


= 0.03) in men (39 + 9) than in women (31 + 13). 

Influence of sex: Table I lists the early filling mea- 
surements in the 42 patients. The filling duration, time 
to peak filling rate, peak filling rate and first-half filling 
fraction were not significantly different between men 
and women. Table II lists the filling durations, filling 
duration fractions and filling fractions for the isovolu- 
mic, rapid, slow and atrial phases of LV filling. Only 2 
significant differences were noted between men and 
women—the rapid filling duration fraction was greater 
and the slow filling duration fraction was shorter in 
women than in men. 

Influence of age: Most of the filling measurements 
did not correlate with age (Table IIT). There were ten- 
dencies, which were not significant, for time to peak fill- 
ing rate to increase and for peak filling rate to decrease 
with age. However, all measurements of atrial contribu- 
tion to LV filling increased significantly with age (Fig- 
ure 3). Modest positive significant correlations were 
noted between age and atrial filling duration, atrial fill- 
ing duration fraction and atrial filling fraction. The rap- 
id filling fraction decreased significantly with age (Fig- 
ure 3). 

Hemodynamics at rest: Correlations were computed 
between heart rate, systolic arterial pressure, LV ejec- 
tion fraction and end-diastolic volume index and LV 
filling measurements at rest. As the heart rate in- 
creased, there was a decrease in rapid (r = —0.62, p 
<0.001), slow (r = —0.81, p <0.001) and atrial (r = 
—0.72, p <0.001) filling durations, whereas the isovolu- 
mic filling duration remained unchanged. The heart 


FIGURE 3. Correlation of age with 
atrial filling duration (A), atrial 


fraction (D). AF-D = atrial filling du- 
ration; AF-D-Fr = atrial filing dura- = —— 
tion fraction; AF-Fr = atrial filling 
fraction; RF-Fr = rapid filling 
fraction. 








e was not correlated with rapid, slow and atrial filling 

ions. Weak positive correlations were present be- 

een heart rate and peak filling rate, expressed in end- 

diastolic (r = 0.36, p = 0.02) and stroke volume per 

‘second (r = 0.49, p = 0.002). A weak negative correla- 

tion existed between heart rate and first-half filling 
` fraction (r = —0.35, p = 0.02). 

Systolic blood pressure was positively correlated with 
atrial filling duration (r = 0.37, p = 0.02) and atrial 
filling duration fraction (r = 0.47, p <0.01) and was 
negatively correlated with rapid filling duration fraction 
(r = —0.34, p = 0,03). The remaining filling measure- 
ments were not correlated with systolic blood pressure. 

The LV ejection fraction and end-diastolic volume 
-index were not significantly correlated with filling mea- 


“surements. The heart rate was negatively (r = —0.36, p 


= 0.02) and the systolic blood pressure was positively (r 
= 0.47, p = 0.002) correlated with age. 
Variability of observations: The mean + standard 


= deviation values of the differences between each observ- 


er’s determination of the LV filling duration, peak fill- 
ing rate, time to peak filling rate and first-half filling 
fraction were 11 + 40 ms, 0.01 + 0.11 end-diastolic 
volumes/s, 0 + 0 ms. and 0.01 + 0.02, respectively. The 
“mean + standard deviation values of the differences be- 
tween the first and the second studies of the LV filling 
measurements were 16 + 50 ms for LV filling duration, 
0.09 + 0.58 end-diastolic volumes/s for peak filling 
rate, 18 + 40 ms for time to peak filling rate and 0.02 
+ 0.15 for first-half filling fraction. 


"DISCUSSION 
_ This study quantified measurements of diastolic 
function assessed noninvasively by gated radionuclide 


- ventriculography in a group of patients with a low likeli- 
hood of cardiac disease. A feature of the study was that 


alternate R-wave gating* was used to generate LV time- 
activity curves for analysis. Thus, the study provided 
` normal values for these measurements under this partic- 


ular set of circumstances. 


The normal ranges of LV filling measurements have 
“been defined by other radionuclide methods, including 
_ first pass techniques,” gated acquisition methods37-10.11 
and the nonimaging nuclear probe.!? Our determina- 
-tions for the normal range at rest for LV filling mea- 

surements compare well with these studies and have 

similar reproducibility.!3!4 

<- This study demonstrated that there was little differ- 

-ence in LV filling measurements between men and 


- women. The study also noted that the filling measure- 
ment most significantly correlated with age was atrial 
filling. Both the duration and the quantity of atrial fill- 


ing increased with age. As a consequence, rapid filling 


fraction decreased with age. Other studies, using radio- 


nuclide!>!6 and Doppler!” techniques, have noted a sim- 
lar relation between age and atrial filling. 
his study noted only weak, nonsignificant correla- 
ween age and peak filling rate and age and 
peak filling rate. Two previous studies*!® 
correlation and 3 studies!+.!5.!6 demonstrated 
i li 
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TABLE HI Correlation of Age With Left Ventricular Filling 
Measurements in 42 Patients Without Cardiac Disease 


Correlation 
Coefficient 


Filling duration (ms) 
Time to peak filling rate (ms) 
Peak filling rate 
End-diastolic volume/s 
Stroke volume/s 
zim /m?/s 
c First-haif filing fraction 
isovolumic filling duration 
Rapid filling duration 
Slow filling duration 
Atrial filling duration 
lsovolumic filling duration 
fraction 
Rapid filling duration fraction 
Slow filling duration fraction 
Atrial filling duration fraction 
Rapid filling fraction 
Slow filling fraction 
Atrial filling fraction 


whereas regarding the time to peak filling rate it was 
shown that it may!>!© or may not*!318 be correlated 
with age. Patient selection may account for these differ- 
ences between studies. In 1 study,!> elderly subjects (av- 
erage age, 75 years) were compared with younger sub- 
jects (average age, 26 years), and in 2 other studies,!3.!6 
up to 30% of the subjects were 30 years old or younger. 
In the present study, only 1 subject was younger than 
30 years. The failure to include the extremes of age in 
the present study may have contributed to the inability 
to demonstrate more than a trend for age to be nega- 
tively correlated with peak filling rate and time to peak 
filling rate. Also, our patients in the present study were 
selected from patients referred for clinically indicated 
radionuclide angiograms. Although our patients were 
considered unlikely to have cardiac disease, this differ- 
ence in patient selection may account for differences be- 
tween the present study and the other studies!>.!6 that 
involved normal volunteers. 

As the heart rate at rest increased, the peak filling 
rate increased, the first-half filling fraction decreased 
and the rapid, slow and atrial filling durations short- 
ened, whereas the isovolumic duration stayed constant. 
Prior studies indicated that the peak filling rate may!? 
or may not!® correlate with heart rate. 

Age and systolic blood pressure at rest bore similar 
relations to atrial filling duration measurements. How- 
ever, these relations were stronger for age than for sys- 
tolic blood pressure. Because systolic blood pressure was 
correlated with age, this suggested that a portion of the 
relations between age and atrial filling duration was de- 
rived from the relation between systolic blood pressure 
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and age. A similar subtle interaction of age, blood pres- 
sure at rest and atrial filling was noted by Bonow et 
al.'6 This study did not confirm the previously suggested 
correlation of systolic blood pressure and peak filling 
rate.'4 The LV ejection fraction and end-diastolic vol- 
ume at rest were not related to filling measurements. 
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(amiodarone HCl) 
Unprecedented efficacy 


Rated twice as effective as any current or 
experimental agent,! Cordarone has 
provided successful control of life- 
threatening VT/VF in 70% of patients 
who had failed conventional therapy.? 


Global effectiveness in 1030 patients with VT or 
VF studied in 18 centers for 6 to 36 months 


70% effective 


S oes is 30% ineffective 


Adapted from Heger JJ, et al? 





he most effective antiarrhythmic 


with virtually 
- no effect on LVEF 


In contrast to other antiarrhythmics, 
Cordarone can effectively suppress 
ventricular arrhythmias in most CHF 
patients without causing significant 
adverse hemodynamic effects.3-5 Oral 
doses of Cordarone do not depress LVEF 
- during rest or exercise.6 Occurrence of 
CHF is uncommon (3%) and rarely 
requires discontinuation of therapy. 


-A manageable 
challenge... 


= Cordarone® therapy is challenging and 


may entail frequent side effects that are 
sometimes potentially serious. Most 
adverse effects, however, are reversible 
h dose reduction or discontinuation. 
hor ough familiarity with the package 
tti essential before prescribing 


...With enduring 
quality-of-life benefits 


Responsive patients are usually controlled 
with low, once-daily maintenance dosage, 
often with reduction or elimination of 
concomitant medication. Exercise toler- 
ance is unchanged or increased, and 
symptoms such as chest pain and dyspnea 
often improve in patients with 
cardiomyopathy.’ 
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ne® (amiodarone HCI) Tablets ; ; 
Indications and Usage: dicated only for treatment of these documented, life-threatening recurrent ventricular 
rhythmias, when they have not responded to documented adequate doses of other antiarrhythmics or when 
alternative agents could not be tolerated: recurrent ventricular fibrillation, recurrent hemodynamically unstable 
ventricular tachycardia. 
~ Cordarone® should be used only by physicians familiar with and with access to use of all available modalities for 
Areatin retaarent Ate threatening ventricular arrhythmias, and access to monitoring facilities, including in-hospital 
ind ambulatory continuous electrocardiographic monitoring and electrophysiologic techniques. Because of the 
life-threatening nature of arrhythmias treated, potential interactions with prior therapy, and potential exacerbation of 
arrhythmia, initiation of Cordarone therapy shouid be in the hospital. 
Contraindications: Contraindicated in severe sinus-node dysfunction causing marked sinus bradycardia: second- 
and third-degree atrioventricular block, and when episodes of bradycardia have caused syncope (except when used 
with a pacemaker). 
“Warnings 


| Cordarone® is intended for use only in patients with the indicated life-threatening arrhythmias 
because its use is accompanied by substantial toxicity. aa 
Cordarone® has several potentially fatal toxicities, the most important of which is pulmonary toxicity 
(aergtitia pneumonitis/alveolitis) that has resulted in clinically manifest disease at rates as high as 
10-15% in some series ot patients with ventricular arrhythmias given doses around 400 mg/day, and 
as abnormal diffusion capacity without symptoms in a much higher percentage of patients. Pulmonary 
$ vozicity Bas been tatal about 10% of the time. Liver injury is common with Cordarone, but is usually 
omild and evidenced only by abnormal liver enzymes. Overt liver disease can occur, however, and has 
: fatal in a few cases. Like other antiarrhiyt mics, Cordarone can exacerbate the arrhythmia, e.g. 
by making the arrhythmia less weil tolerated or more difficult to reverse. This has occurred in of 
patients in various series, and significant heart block or sinus bradycardia has been seen in 2-5%. All 
of these events should be manageable in the proper clinical setting in most cases. Although the 
frequency of such proarthythmic events does not appear greater with Cordarone than with many other 
3 ts used in this B ulation, the effects are prolonged when they occur. 
E in patients at high risk of arrhythmic death, in whom the toxic! ye Cordarone is an acceptable 
Wisk, Cordarone poses major management problems that could be tife-threatening in a popula ion at 
risk of sudden death, se that every effort should be made to utilize alternative agents t A 
dil uty of using Cordarone effectively and safely itself poses a significant risk to patients. 
Patients with the indicated arrhythmias must be hospitalized while the leading dose of Cordarone is 
given, and a response generally requires at least one week, usually two or more. Because absorption 
and elimination are variable, maintenance -dose selection is difficult, and it is not unusual to require 
“dosage decrease or discontinuation of treatment. In a retrospective survey of 192 patients with 
ventricular tachyarrhythmias, 84 required dose reduction and 18 required at least emporary discon- 
tinuation because of adverse effects, and several series have reported 15-20% overall frequencies of 
discontinuation due to adverse reactions. The time at which a previous controlled life-threatening 
arrhythmia will recur after discontinuation or dose adjustment is unpredictable, ranging from weeks to 
months. The patient is obviously at great risk during this time and may need prolonged hospitalization. 
Atomnie to substitute other antiarrhythmic agents when Cordarone must be stopped will be m: 
difficult by the gradually but unpredictably. changing amiodarone body burden. A similar problem 
exists when Cordarone ts not effective; it still poses the risk of an interaction with whatever subse- 
quent treatment is tried. 


PULMONARY TOXICITY: Cordarone’ causes a syndrome of progressive dyspnea and cough with functional. radio- 
raphic, gaflium-scan, and pathological data showing a pulmonary interstitial process, sometimes called alveolitis 
Tequency has generally been iow. (2-7% in most published reports), but recent preliminary reports found 11—15% in 

patients treated for over a year on average and there is evidence of increasing frequency with time and/or pally oF 

cumulative dose, Although the syndrome is usually reversible when Cordarone is discontinued, with or withou 

Steroid therapy, fatalities have occurred in about 10% of cases. Any new respiratory symptom in a patient on 

Cordarone should suggest possibility of pulmonary toxicity and ead to clinical and radiographic evaluation, with 

gallium-scan and puimonary-function evaluation if needed. Particular care should be taken not to presume such 

Symptoms are related to cardiac failure. Again, diffusion capacity appears to be the pulmonary-function test most 

likely to show abnormality. Evidence of toxicity should lead, at a minimum. to dose reduction, and preferably to drug 

withdrawal to establish reversibility. In some cases. fechallenge at a lower dose has not resuited in return of toxicity. 
„Periodic chest X-rays and clinical evaluation (every 3-6 months) are recommended and baseline pulmonary- func- 
tion tests, including diffusion capacity, should be obtained. 


WORSENED ARRHYTHMIA: Cordarone’ can cause serious exacerbation of the presenting arrhythmia. a risk that 
may he enhanced by presence of concomitant antiarrhythmics. Exacerbation has been reported in about 2-5% in 
“most series. and has included new ventricular fibrillation. incessant ventricular tachycardia, increased resistance to 
cardioversion, and polymorphic ventricular tachycardia associated with QT prolongation (Torsade de Pointes}. 

in addition, Cordarone has Caused symptomatic bradycardia or sinus arrest with suppression of escape faci in 2-4%. 


LIVER INJURY: Elevations of hepatic enzyme levels are frequent in patients on Cordarone and in most cases are 
asymptomatic. If increase exceeds three times normal, or doubles in a patient with elevated baseline. consider 

discontinuation of Cordarone or dosage reduction. In a few cases in which biopsy was done. histology resembied 

that of aicoholic hepatitis or cirrhosis. Hepatic failure has been a rare cause of death in patients on Cordarone 


Precautions: CORNEAL MICRODEPOSITS. IMPAIRMENT OF VISION 

Corneal microdeposits appear in most adults on Cordarone. They are usually discernibie only by slit-lamp 

examination. but give rise to symptoms such as visual halos or blurred vision in up to 10%. Corneal micradeposits 

are Gee upon dose reduction or termmation. Asymptomatic microdeposits are not a reason to reduce dose or 
iscontinue, 

PHOTOSENSITIVITY: Cordarone® has induced photosensitization in about 10%: some protection may be afforded by 

Sun-bartier creams or protective clothing. On long-term treatment. blue-gray discoloration of exposed skin may 

“ocoiir Risk may be increased in patients with fai complexion or excessive sun exposure, and may be related to 

cumulative dose and duration o therapy. i . 

THYROID ABNORMALITIES: Cordarone™ inhibits peripheral conversion of thyroxine (T4) to triiodothyronine (T,). 

tending to cause somewhat increased thyroxine levels and increased ieveis of inactive reverse T;, and somewhat 

¿decreased levels of T, It also is a potential source of targe amounts of inorganic iodine. 

Cordarone can cause hypothyroidism or hyperthyroidism. Thyroid function should be monitored at baseline and 
eriodically, particularly in any patient with history of thyroid nodules. goiter or other tystunction: Hypothyroidism 
as heen reported in 2-4% in most series but in 8-10% in others and is probably best identified by a finding of 

elevated TSH. Hypothyroidism is best managed by Cordarone dose reduction and/or thyroid hormone suppiement 

‘However, therapy must be individualized, and it may be necessary to discontinue Cordarone in some patients. 

~ Hyperthyroidism occurs in about 2% of patients receiving Cordarone, but the incidence may be higher among 

Patients with prior inadequate dietary iodine intake. Cordarone-induced hyperthyroidism Usually poses a greater 
azard to the patient than hypothyroidism because of the peeso of arr haa breakthrough or aggravation. in 

fact, iF ANY NEW SIGNS OF ARRHYTHMIA APPEAR, THE POSSIBILITY OF HYPERTHYROIDISM SHOULD BE CON- 

SIDERED. Hy rthyroidism is best identified by relevant clinical symptoms and signs. accompanied usually by 

:: -abnormally elevated levels of serum T, RIA, and further elevations of serum T., and a subnormal serum TSH level 
“(using a sufficiently sensitive TSH assay). the finding of a flat TSH response to TRH is confirmatory of hyperthy- 

Toidism and may be sought in equivocal cases. Since arrhythmia breakthroughs may accompany Cordarone-induced 

hyperthyroidism, aggressive medical treatment is indicated. including, if possible, dose reduction or withdrawal of 

Cordarone. The institution of antithyroid drogs, beta-adrenergic blockers and/or temporary corticosteroid therapy 

~ May. be necessary The action of antithyroid rugs may be especially delayed in amiodarone-induced thyrotoxicoals 
because of substantial quanitities of preformed thyroid hormones stored in the gland. Radioactive iodine therapy is 
contraindicated because of the tow radiotodine uptake associated with amiodarone-induced hyperthyroidism. xpe: 
: tience with thyroid surgery in this setting is extremely limited and this form of therapy runs the theoretical risk ol 
inducing thyroid storm. Cordarone-induced hyperthyroidism may be followed by a transient period of hypothy- 


roidism. 
-HYPOTENSION POSTBYPASS: Rare occurrences of hypotension upon discontinuation of cardiopulmonary bypass 
cure Open heat} surgery in patients on Cordarone have been reported 
‘CABI ORY TESTS: Elevations in liver enzymes (SGOT and SGPT) can occur. Regularly monitor liver enzymes in 
patients on relatively high maintenance doses. Wit persistent significant elevations in liver enzymes or hep- 
atomegaly consider reducing maintenance dose or discontinuing. 
Gordarone® alters the results of thyroid-tunction tests, causing increase in serum T, and serum reverse T, and 
decline in sonl r Despite these biochemical changes, most patients remain clinically euthyroid. 
“DRUG INT! RACTIONS: ithough only a small number of drug-drug interactions with Cordarone have been explored 
formally most of these have shown such an interaction. The potential for other interactions should be anticipated, 
particularly for drugs with potentially serious toxicity, such as other antiarrhythmics. if such drugs are needed, their 
dose should be reassessed and, where appropriate, plasma concentration measured. In view of amiodarane’s tong 
and variable half-life, potential for drug interactions exists not only with concomitant medication but with drugs 
‘administered after discontinuing Cordarone. 
Digitalis. Cordarone® in patients on digoxin regular / results in increase in serum digoxin that may reach 
toxic levels with resultant clinical toxicity: On initiation of Cordarone, need for digitalis therapy should be 
ie dose reduced by approximately 50% or discontinued. if digitalis is continued, serum levels 
“Should be-closely monitored and patients observed for clinical evidence of toxicity. These precautions probably 
Should apply to digitoxin administration as well. 
í Anticoaguan ts: Potentiation of wartarin-type anticoagulant response is almost always seen in patients on Cordarone 
and can result in serious or fatal bleeding ‘he dose of the anticoagulant should he reduced by one-third to 
RA pne-halt, and prothrombin times shouid be monitored closely. 
ati thic Agents Quinidine. procainamide. disopyramide and phenytoin have been used concurrently with 
Cordarone. There have been reports of increased steady-state ievels of quinidine, procainamide and phen toin 
during concomitant therapy with Cordarone. In general, any added antiarrhythmic should be initiated at a lower than 
usual dose with careful monitoring. 
Combination of Cordarone with other antiarrhythmic therapy should generally be reserved for patients with life- 
threatening ventricular arrhythmias who are incompletely responsive to a single agent or incompletely responsive to 
Cordarone, During transfer fo Cordarone the dose levels of previously administered agents should be reduced by 
30-50% several days after addition of Cordarone: when arrhythmia Suppressign should be beginning. The continued 
need for the other antiarrhythmic agent should be reviewed after the effects of Cordarone have been established, 
and discontinuation ordinarily should. be attempted. H the treatment is continued, these patients should be particu- 
larly carefully monitored for adverse effects, especially conduction disturbances and exacerbation of tachyarrhyth- 
mias, as Cordarone is continued, In Cordarone patients who require additional antiarrhyhthmic therapy. the initial 
dose of such agents should be approximately half the usual recommended dose. 
Cordarone should be used with caution in patients on-beta blockers or calcium antagonists because of possible 
potentiation of bradycardia, nus arrest anid AV block: if necessary, Cordarone can be continued after insertion of a 


pa aker in patients: radycardia or sinus arrest. 


“Concomitant 
Dri 


ITH CORDARONE 
s; =. Recommended Dose Reduction 
-Onset days} Magnitude. <:i of Concomitant Drug- 


Warfarin 3-4 increases prothrombin time by 100%: $4/3-1/2 2 
Digoxin 1 Increases serum concentration by 70%. {1/2 
Quinidine 2 Increases serum.concentration by 33% 31/3-1/2 {or discontinue) 


Procainamide <7 Increases plasma concentration 41/3 (or discontinue) 
by 55%, NAPA’ concentration by 33% 


"NAPA = n-acetyl procainamide 


ELECTROLYTE DISTURBANCES: Since antiarrhythmic drugs may be ineffective or arrhythmogenic in patients with 
hypokalemia correct any potassium or magnesium deficiency before beginning Cordarone, 
CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY. 
Cordarone* reduced fertility of male and female rats at 90 mg/kg/day (8 times highest recommended human 
maintenance dose). 
Cordarone® caused a statistically significant, dose-related increase in incidence of thyroid tumors (follicular ade- 
noma and ‘or carcinoma) in rats. Incidence of thyroid tumors was greater than control even at lowest Cordarone tevel 
tested, ie., 5 mg/kg/day or approximately 1/2 the highest recommended human maintenance dose. Mutagenicity 
studies (Ames, micronucleus and lysogenic tests) with Cordarone were negative. i 
PREGNANCY: PREGNANCY CATEGORY C: Cordarone® has been shown to be embryotoxic (increased fetal resorp- 
tion and growth retardation) in rats given orally at 200 mg/kg/day (18 times maximum recommended maintenance 
dose). Similar findings have been noted in one strain of mice at 5 mg/kg/day (approximatel 1/2 the maximum 
recommended maintenance dose) and higher, but not in a Second strain nor in the rabbit at doses up to 100 
mg/kg/day (9 times maximum recommended maintenance dose). 7 
Cordarone“ should be used during pregnancy oni if potential benefit to mother justifies unknown nsk to fetus. 
TABOR AND DELIVERY itis not known whether the use of Cordarone during labor or delivery has any immediate or 
ayed adverse effects. 
NURSING MOTHERS. Cordarone® is excreted in human milk, suggesting that breast-feeding could expose the 
nursing infant to a significant dose. Nursing offspring of lactating rats administered Cordarone have been shown to 
be less viable and have reduced body- weight gains. Therefore. when Cordarone is indicated, mothers should be 
advised to discontinue nursing. 
PEDIATRIC USE: Safety and effectiveness of Cordarone® in children have not been established. 
Adverse Reactions: Adverse reactions have been very common in virtually all series of patients treated with 
Cordarone for ventricular arrhythmias and with relatively age doses (400 mg/day and above) they occurred in about 
three fourths of ali patients, causing discontinuation in 7-18%. The most serious reactions are pulmonary toxicity, 
exacerbation of arrhythmia, and rare serious liver injury {See WARNINGS). but other adverse effects constitute 
important problems. They are often reversible with dose reduction and virtually always reversible with cessation of 
drug. Most adverse effects appear to become more frequent with continuous treatment beyond six months, 
although rates appear to remain relatively constant beyond one year. The time and dose relationships of adverse 
effects are under continued study. 
Neurologic problems are extremely common, occurring in 20-40% and include malaise and fatigue. tremor and 
Involuntary movements, poor coordination and gait. and peripheral neuropathy: they are rarely a reason to stop 
therapy and may respond to dose reductions. 
Gastrointestinal complaints. most Commonly nausea. vomiting, constipation and anorexia. occur in about 25% but 
rarely require discontinuation. They commonly occur during high-dose administration i.e., loading dose) and usually 
respond to dose reduction or divided doses. 
Asymptomatic corneal microdeposits are present in virtually alf adult patients who have been on drug for more than 
6 months. Some patients develop eye symptoms of halos, photophobia. and dry eyes. Vision is rarely affected and 
drug discontinuation is rarely needed. g . 
Dermatological adverse reactions occur in about 15% with photosensitivity being most common (about 10%). 
Sunscreen and protection from sun exposure may be helpful, and drug discontinuation is not usually necessary 
Prolonged exposure to Cordarone® occasionally results in a blue-gray pigmentation. soi and occasionally incom- 
pletely reversible on discontinuation of drug but of cosmetic importance only, Cardiovascular adverse reactions, 
other than exacerbation of arrhythmias. include the uncommon occurrence of congestive heart failure Ge) and 
bradycardia. Bradycardia usually responds to dosage reduction but may require a pacemaker for control. CHF rarely 
requires discontinuation. Cardiac conduction abnormalities occur infrequently and are reversible on discontinuation. 
qe plowing side-effect rates are based on a retrospective study of 241 patients treated tor 2-1.515 days (mean 
.3 days). 

The following side effects were each reported in 10-33%: Gastrointestinal: Nausea and vomiting 
The following side effects were each reported in 4-98: 
Dermatologic: Solar dermatitis /photosensitivity 
Neurologic: Malaise and fatigue, tremor /abnormal involuntary movements, lack of coordination, abnormal gait / 
ataxia. dizziness, paresthesias 
Gastrointestinal: Constipation, anorexia 
Ophthalmologic: Visual disturbances 
Hepatic: Abnormal ‘iver-function tests 
Respiratory: Pulmonary inflammation or fibrosis 
The foliowing side effects were each reported in 1-3%: 
Thyroid: Hypothyroidism. hyperthyroidism 
Neurologic: Decreased libido. insomnia, headache. sleep disturbances 
Cardiovascular: Congestive hear! taure. cardiac arrhythmias. SA node dysfunction 
Gastrointestinal: Abdominal pain 
Hepatic. Nonspecific hepatic disorders 
Other: Flushing, abnormal taste and smell. edema. abnormal salivation. coagulation abnormalities. 
The following side effects were each reported in less than 1%: : 
Blue skin discoloration, rash, spontaneous ecchymosis, alopecia, hypotension and cardiac conduction abnormalities. 
Rare occurrences of hepatitis, cirrhosis, optic neuritis, epididymitis, vasculitis, fseudotumor cerebri, and thrombocy- 
topenia have been reported in patients receiving Cordarone. The relationship of these events to Cordarone therapy 
has not been definitely established. 
In surveys of almost 5.000 patients treated in open U.S. studies and in published reports of Cordarone treatment, 
adverse reactions most frequently requiring discontinuation included pulmonary intiltrates or fibrosis. paroxysmal + 
ventricular tachycardia. congestive heart failure and elevation of hver enzymes. Other symptoms causing discontinu- 
ations less often included visual disturbances, solar dermatitis, blue skin discoloration. hyperthyroidism and 
hypothyroidism. 
Overdosage: There have been 3 reported cases of overdose in which 3-8 grams were taken. There were no deaths or 
permanent sequelae. Animal studies indicate Cordarone” has a high orat LD«(>3.000 mg/kg). in addition to general 
Supportive measures, patient's cardiac rhythm and blood pressure should be monitored, and if bradycardia ensues, a 
p-adrenergic agonist or a pacemaker may be used Hypotension with inadequate tissue perfusion should be treated 
with positive inotropic and/or vasopressor agents. Neither Cordarone nor its metabolite is dialyzabie. 
Dı and administration 
BECAUSE OF THE UNIQUE PHARMACOKINETIC PROPERTIES, DIFFICULT DOSING SCHEDULE AND SEVERITY OF 
THE SIDE EFFECTS IF PATIENTS ARE IMPROPERLY MONITORED. CORDARONE SHOULD BE ADMINISTERED ONLY 
BY PHYSICIANS EXPERIENCED IN TREATMENT OF LIFE-THREATENING ARRHYTHMIAS WHO ARE THOROUGHLY 
FAMILIAR WITH RISKS AND BENEFITS OF CORDARONE THERAPY AND WHO HAVE ACCESS TO LABORATORY 
FACILITIES CAPABLE OF ADEQUATELY MONITORING EFFECTIVENESS AND SIDE EFFECTS OF TREATMENT. To ensure 
an antiarrhythmic effect will be observed without waiting several months, loading doses are required, A uniform, 
optimal dosage schedule for Cordarone has not been determined. individual patient titration is suggested according 
0 following guidelines. £ 
For jife-threatening ventricular arrhythmias. e.g.. ventricular fibrillation or hemodynamically unstable ventricular tachycar- 
dia: Close monitoring of the patient is indicated during loading phase, particularly until risk of recurrent ventricular 
tachycardia or fibrillation has abated. Because of serious nature of the arrhythmia and lack of predictable time 
course of effect, loading should be performed in a hospital setting. Loading doses of 800-1,600 mg/day are required 
for 1-3 weeks (occasionally tonger} until initial therapeutic response occurs, (Administration of Cordarone in divided 
doses with meals is Suageste for total daily doses of 1,000 mg or higher. or when gastrointestinal intolerance 
occurs.) If side effects become excessive. dose should be reduced, Elimination of recurrence of ventricular fibrillation 
and tachycardia usually occurs within 1-3 weeks, along with reduction in complex and total ventricular ectopic beats. 
Upon starting Cordarone, attempt should be made to Gradually discontinue pror agnornymmnie drugs (see section 
on “Drug Interactions"). When adequate arrhythmia control is achieved, or ìf side effects become prominent. 
Cordarone dose should be reduced to 600-800 mg/day for ane month and then to the maintenance dose, usually 400 
mg/day (See “Clinical Pharmacology- "Monitoring Effectiveness” in package insert), Some patients may require 
Jarger maintenance doses, up to 600 mg/day, and Some can be controlled on lower doses. Cordarone may be 
administered as a single daily dose, or in patients with severe gastrointestinal intolerance, as a b.i.d. dose. In each 

atient, the chronic maintenance dose should be determined according to antiarrhythmic effect as assessed 
by symptoms, Holter recordings, and/or programmed electrical stimulation and by patient tolerance, Plasma con- 
centrations may be helpful in evaluating nonresponsiveness or unexpectedly severe toxicity (See “Clinical 
Pharmacology in package insert K $ 
The lowest effective dose should be used to prevent occurrence of side effects. in all instances, the physician 
must be guided by severity of individual patient's arhrythmia and response to therapy When dosage adjust- 
ments are necessary, patient should be closely monitored for an extended period of time because of long and 
variable half-life of Cordarone and difficulty in predicting time required to attain new steady-state level. Dosage 
suggestions are summarized below: 
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A Brief Self-Administered Questionnaire 
to Determine Functional Capacity 
(The Duke Activity Status Index) 
Mark A. Hlatky, MD, Robin E. Boineau, MA, Michael B. Higginbotham, MB, Kerry L. Lee, PhD, 


Daniel B. Mark, MD, MPH, Robert M. Califf, MD, Frederick R. Cobb, MD, 
and David B. Pryor, MD 


To develop a brief, self-administered questionnaire 
>that accurately measures functional capacity and 
assesses aspects of quality of life, 50 subjects un- 
dergoing exercise testing with measurement of 


| peak oxygen uptake were studied. All subjects 
-> were questioned about their ability to perform a va- 


riety of common activities by an interviewer blinded 
-to exercise test findings. A 12-item scale (the Duke 
Activity Status Index) was then developed that cor- 
‘related well with peak oxygen uptake (Spearman 
correlation coefficient 0.80). To test this new in- 
dex, an independent group of 50 subjects complet- 
_ ed a self-administered questionnaire to determine 
functional capacity and underwent exercise testing 
with measurement of peak oxygen uptake. The 


- Duke Activity Status Index correlated significantly 
p <0.0001) with peak oxygen uptake (Spearman 
correlation coefficient.0.58) in this independent 
sample. The Duke Activity Status Index is a valid 
measure of functional capacity that can be obtained 
by self-administered questionnaire. 
(Am J Cardiol 1989;64:651-654) 
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cardiovascular studies by measuring endpoints. 

such as mortality or myocardial infarction. These 
“hard” endpoints, however, do not provide a complet 
picture of the effect of medical care on the patient, be- 
cause another major goal is to restore the patient to as _ 
normal a life as possible.!? A reliable and valid measure _ 
of “soft” endpoints such as patient functional status and. 
quality of life would assess the effects of therapy more 
completely, and provide patients and physicians with in- 
formation relevant for therapeutic decision-making. 

Exercise capacity on a standardized exercise test i 

an accepted criterion of the functional capability of a 
patient with cardiac disease. Because the exercise test is 
time consuming, costly and entails some risk, it is diffi 
cult to use in large population studies, especially if fol 
low-up measurements are needed to judge the effects.o 
therapy. Hence, functional capacity is often assessed in- 
directly by inquiring about the patient’s ability to per- 
form various activities. This method has been applied — 
informally by physicians and formally by instruments 
measuring cardiac functional status?’ and physical fit- 
ness.8-!! These approaches have demonstrated the diffi- . 
culty of assessing this aspect of a patient’s quality of 
life, because measurements. have been either imprecise 
or have required a complex and lengthy interview. This 
investigation develops a brief, self-administered qués- 
tionnaire that accurately measures functional status 
while providing insights into selected aspects of quality. 
of life.!2 


[asso efficacy is usually assessed in clinical 


METHODS 
This study was conducted in 2 phases. During the 


initial phase a self-administered questionnaire was de=- =. 


veloped in a group of subjects undergoing maximal ex- 
ercise testing, and during the second phase this instru- 
ment was validated in an independent sample of sub- 
jects. 

The instrument was developed using data from 50 
consecutive subjects undergoing graded exercise testing 


with measurement of peak oxygen uptake. Exercise test- > 


ing was performed on an upright stationary bicycle un- 
der continuous electrocardiographic monitoring. Pa- 
tients pedaled the bicycle at 60 times/min throughout 
the test; the initial workload of 25 watts was increased 


by 25 watts every minute. Patients continued to exercise 





“TABLEI The Duke Activity Status Index 
| Activity 


Can You... 

1. take care of yourself, that is, eating, dressing, bathing 
or using the toilet? 

2. walk indoors, such as around your house? 

3. walk a block or 2 on level ground? 

4. climb a flight of stairs or walk up a hill? 

5. run a short distance? 

6. do light work around the house like dusting or washing 
‘dishes? 

7. do moderate work around the house like vacuuming, 
sweeping floors, or carrying in groceries? 

8. do heavy work around the house like scrubbing floors, 
or lifting or moving heavy furniture? 

9: do yardwork like raking leaves, weeding or pushing a 
power mower? 

10. have sexual relations? 

11. participate in moderate recreational activities like golf, 
bowling, dancing, doubles tennis, or throwing a baseball 
or football? 

12. participate in strenuous sports like swimming, singles 
tennis, football, basketball or skiing? 


until they developed limiting chest discomfort, dyspnea 
or fatigue. Expired gas analysis was performed using a 
breath-by-breath system (Sensormedics). Peak oxygen 
consumption was determined for each patient by an ob- 
server blinded to the results of the patient interview. 
Each patient was interviewed by an exercise physiol- 
ogist blinded to exercise test results. A structured inter- 
view was used to determine the subject’s ability to per- 
form a wide range of common daily activities. Activities 
were chosen to represent a broad range of cardiovascu- 
lar stresses as well as several dimensions of personal 


health status. In general, individual items were taken 


directly from several previously tested instruments.> 
4413 Rach subject was asked during the interview 


PEAK OXYGEN UPTAKE 
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DUKE ACTIVITY STATUS INDEX 


TABLEN Sreten Correlation of Indexes with Peak 
Oxygen Uptake 


Mode of 
Administration ccs SAS DASI 


Development Interview 0.58 0.67 0.81 
Validation Questionnaire 0.49 0.30 0.58 


CCS = Canadian Cardiovascular Society; DASI = Duke Activity Status Index; SAS = 
Specific Activity Scale 


Study Phase 


whether he or she could perform each activity and, if so, 
whether it was “easy” or “hard” to do. Data were re- 
corded on standard study forms, entered into computer 
storage and analyzed using SAS statistical software. 
Peak oxygen uptake was considered the gold stan- 
dard for cardiovascular functional capacity in the analy- 
sis. The Duke Activity Status Index (DASI) was devel- 
oped by taking into account (1) the empirical correla- 
tions of questionnaire items with peak oxygen uptake, 
and (2) clinical judgment and information from previ- 
ous studies about the activities best representing differ- 
ent aspects of physical functioning. We included items 
in the index to represent several major spheres of activi- 
ty among independent healthy adults!!3: personal care, 
ambulation, household tasks, sexual function and 
recreation. Within each sphere of activity, stepwise mul- 
tiple regression analyses were used to identify the ques- 
tionnaire items that best correlated with peak oxygen 
uptake. These items were then used in a regression anal- 
ysis to determine which of them contributed indepen- 
dent information about peak oxygen uptake.!4 Final de- 
cisions about inclusion of items were based on a balance 
between maximizing empirical correlations and ensur- 
ing that the instrument would reflect a range of types 
and levels of activity. Weighting of items in the index 
was based on the known metabolic cost of each activity 


in MET units,!5-!7 with adjustments for rounding and < 


maximizing empirical correlations. 


The final instrument, the DASI, was then tested in 
an independent sample. Fifty subjects undergoing exer- 
cise testing with measurement of oxygen uptake as de- - 


scribed previously were asked to complete a self-admin- 


istered questionnaire. Responses were used to calculate ~ 


the DASI, as well as the Canadian Cardiovascular Soci- 
ety Classification* and the Specific Activity Scale.5 The 
association of each scale with peak oxygen uptake was 
measured using Spearman correlation coefficients. 


RESULTS 


Development phase: A variety of exploratory analy-. ee 
ses were performed during the development phase to de- 
termine the best form for the functional index. In gener- 
al, correlations with peak oxygen capacity improved as: 





more activities were included in the functional index, 


The improvements in the correlation were very small, 
however, after roughly 12 activities were included. The . 
greatest amount of information was conveyed by the. 
ability to perform activities easily. Spearman correla- 
tions of questionnaire responses with pea 

take were e improved fess than 1%t 





the activities that could be done only with difficulty. 

‘unctional classifications based on scoring all activities 
had Spearman correlations with peak oxygen uptake 10 
to 25%. higher than classifications based on the single 
“most difficult activity that could be performed. 

The final index developed, the DASI, included 12 
activities representative of personal care, ambulation, 
household tasks, sexual function and recreational activi- 
ties (Table I). The Spearman correlation of the DASI 
with peak oxygen uptake (0.81, p <0.0001) was high, 
which was expected in the development phase. The Ca- 
nadian Cardiovascular Society Classification (0.58, 
p <0.0001) and the Specific Activity Scale (0.67, p 
<0.0001) were also significantly correlated with peak 
oxygen uptake in this initial group of 50 subjects (Table 
Il). 


Validation phase: The validation phase, conducted 
in an independent group of 50 subjects, tested the accu- 
racy of DASI when used as a self-administered ques- 
tionnaire. Final wording of many items on the scale was 
based on the Rand Physical Limitations Scale,!3 which 
< was designed for use as a self-administered question- 
haire in the general population. 

Correlations of all functional capacity measures with 
peak oxygen uptake were lower in the validation sample 
(which used a self-administered questionnaire) than in 
the development sample (which used an interview) (Ta- 
ble II). Nevertheless, the correlation of peak oxygen up- 
take with DASI was highly significant (p <0.0001), as 
were the correlations of the Canadian Cardiovascular 
“Society Classification (p = 0.0004) and the Specific 

-Activity Scale (p = 0.04). The correlation of DASI 
with peak oxygen uptake in the validation group re- 
- mained higher than the correlations of the alternative 
< measures (Table II). 
-.. Figure 1 shows the relation between DASI and peak 
‘oxygen uptake in both the development and validation 
groups. There was a strong linear relation between the 2 


measures (VO, = 0.43 X DASI + 9.6, p <0.0001), but 


“scatter around the regression line is evident (root mean 
square error = 5.6, r? = 0.64). 


DISCUSSION 

This study demonstrates that a brief, self-adminis- 
tered questionnaire can provide a standardized assess- 
ment of functional status that correlates well with an 
‘objective measure of maximal exercise capacity. This 
‘new measure (the DASI) uses the patient’s ability to 
-perform a set of common activities of daily living to 
gauge functional capacity. The activities in the scale 

(Table I) were chosen to represent major aspects of 
<= physical function: personal care, ambulation, household 
<. tasks, sexual function and recreational activities. As 
<: such, the responses can also be used to assess physical 
limitations relevant to the patient’s quality of life.!? By 


Lee design, most DASI items can be related directly to the 


Physical Limitations Scale'? developed by the Rand 
rp. as one of a set of measures of health and quality 

e in the general population. The scoring of DASI 

ts in a continuous measurement rather than the 
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traditional 4 functional classes. This method of quanti- 
tation is more precise than traditional classification sys- 
tems and, in principle, would permit smaller differences. 
in functional capacity to be recognized. Thus, we be- 
lieve that DASI is well suited for large population stud- 
ies in which assessment of functional capacity during. 
follow-up is needed. ; 

We developed this new instrument because of sever- 
al limitations of the previously available measures. The 
New York Heart Association classification is the mos 
widely used measure of functional status in individua 
with heart disease.’ It places patients into 1 of 4 classes 
based on their symptoms during “ordinary”, “less than 
ordinary” or “virtually any” physical activity. The abili 
ty to perform ordinary activities is an imprecise and i 
consistent measure, however, because what is ordinary 
to one individual may be extraordinary to another. Fur- 
thermore, patients may experience few symptoms de- 
spite poor functional capacity because they have gradu- 
ally reduced their ordinary level of activity.”!8 ; 

The Canadian Cardiovascular Society* increased the 
precision of the New York Heart Association classifica 
tion by defining the level of “ordinary” activity in terms 
of the ability to walk on level ground and to climb stai 
or hills. The Canadian system is limited by defining or- 
dinary activity only in terms of ambulation, and by its. 
use of only 4 functional levels, which compromises its 
ability to detect small changes in functional status. 

The Specific Activity Scale is a new approach that 
assigns 1 of 4 functional classes based on the single 
most difficult activity the patient can perform from a. 
list of specific activities.~’ The Specific Activity Scale 
has higher interobserver reliability than either the Ca-. 
nadian or New York classifications, as well as a better 
correlation with treadmill exercise time. The concept of ~ 
using specific activities to gauge cardiovascular func- 
tional status is a definite advance. Nevertheless, we felt 
that some modifications of this basic approach would 
result in an instrument better suited for large population. 
studies. The Specific Activity Scale was designed for 
use by an interviewer, rather than as a self-administered. 
questionnaire, the most efficient format for population ` 
studies. We also found that the method of scoring could. 
be improved by analysis of the patient’s entire activity 
profile. Finally, the specific activities could also be se- 
lected to provide information about the patient’s quality 
of life. The DASI was developed using these modifica- 
tions to extend the basic approach adopted in the Spe- 
cific Activity Scale. 

DASI had a significant (p <0.0001) Spearman cor- 
relation with peak oxygen uptake in the validation sam- 
ple (0.58), but this correlation was lower than that in 
the development group (0.81). There are 2 potential ex- 
planations of this observation. First, this difference may 
be the result of statistical “‘overfitting” in the develop- 
ment sample.!4 In recognition of this phenomenon, we 
incorporated a second independent validation group. 


Second, a trained interviewer collected data from the. 


first group of patients, whereas a self-administered 
questionnaire was used in the second group. Because 
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interview yields higher quality data than a question: 


< naire,!9 the poorer correlations of all functional classifi- 
cations in the second group (Table II) was probably due 


Se | to the different mode of administration. The marked 


‘discrepancy in the performance of the Specific Activity 
Seale between the first and second groups was probably 
due to its use as self-administered questionnaire, be- 
cause the Specific Activity Scale was designed to be 
used by an interviewer. This observation underscores 
the importance of developing methods specifically for 
use in a questionnaire if this mode of administration is 
necessary. 
| This study has a number of limitations. First, only 
30 subjects were studied in the validation phase. This 
number of subjects was sufficient to demonstrate signif- 
icant correlations of DASI with exercise capacity, but a 
wider spectrum of patients would test its performance 
more fully. Second, subjects were assessed at only 1 
. point in time. Additional studies will be needed to docu- 
-ment that DASI is sensitive to changes in functional 
capacity over time. Third, DASI is an imperfect mea- 
sure of exercise capacity, as indicated by the scatter of 
he data points in Figure 1. All 3 functional status mea- 
~- sures tested, including DASI, had poor correlations with 
measured exercise capacity in patients with peak oxy- 
gen uptake <5 METs. Thus, DASI cannot replace ex- 
ercise testing when a precise measurement of exercise 
capacity is needed. Nevertheless, DASI does have a role 
in allowing more reliable measurement of functional 
status during follow-up than traditional methods. Final- 
ly, because DASI must be calculated from 12 responses, 
it is better suited for clinical investigation than for use 
in private practice. 

A reliable and valid method for assessing patient 
functional status would permit better characterization 
¿of therapeutic results in patients with cardiac disease. 
The traditional hard endpoints such as death or myo- 
cardial infarction need to be complemented by soft end- 
points of greater relevance to the patient’s actual dis- 
ability. DASI can serve a particularly useful role in the 


follow-up evaluation of patients by means s of seladmin- i 
istered questionnaire: 
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_ Noninvasive Measurement of Left Ventricular | 
_ Filling Pressures by Means of Transmitral Pulsed 
Doppler Ultrasound 


Thomas V. Stork, MD, Reinhold M. Maller, MSC, Günter J. Piske, MD, Christoph O. Ewert, MD, 
and Hans Hochrein, MD 


In 54 consecutive patients, ages 59 + 11 years, the 
‘transmitral diastolic flow velocity profile was de- 


“rived by means of pulsed Doppler echocardiogra- 


-` phy simultaneously with right-sided heart catheter- 
«ization. In 30 of them, ages 57 + 10 years, left- 


|. sided heart catheterization was performed at the 


same time. The sample volume was positioned ex- 
actly in the mitral anulus plane, bisecting the anu- 
lus. The ratio of the time-velocity integrals of the A 
wave (atrial contraction) and E wave (early filling) 
was calculated (A/E ratio of integrals). 

Linear regression analysis showed a highly sig- 
nificant linear correlation of the A/E ratio of inte- 
grals with regard to left ventricular (LV) end-dia- 
stolic pressure (r = 0.98, p <0.001) and pulmonary 
capillary wedge pressure (r = 0.98, p <0.001). The 
A£E ratio of integrals also correlated with other he- 
modynamic parameters, such as cardiac output (r = 
=0.73, p <0.001), cardiac index (r = —0.74, p 


- <0,001) and stroke volume index (r = —0.65, p 


. <0.001). For 19 additional patients, ages 55 + 8 
years, the values of LV end-diastolic pressure and 


o pulmonary capillary wedge pressure were calculat- 


‘ed by means of the corresponding formulas from 
the first data set. The correlation between the cal- 
culated and invasively measured LV filling pres- 
sures expressed in terms of intraclass correlation 


coefficients shows highly significant correlations 
<- for both LV end-diastolic pressure (intraclass cor- 


relation coefficient = 0.99, p <0.001) and pulmo- 
nary capillary wedge pressure (intraclass correla- 
tion coefficient = 0.99, p <0.001). The inter- 

-. observer agreement concerning the A/E ratio was 
almost perfect (intraclass correlation coefficient = 
0.99, p <0.001). 

Thus, LV filling parameters obtained by means 
of transmitral pulsed Doppler echocardiography 
-provide a reliable noninvasive measurement of LV 
end-diastolic pressure and pulmonary capillary 
wedge pressure. 

(Am J Cardiol 1989;64:655-—660) 


he outstanding role of the left ventricular (LV) 

end-diastolic pressure and the pulmonary capil- 

lary wedge pressure in assessing LV diastolic 
function, and the close relation between LV end-diastol- 
ic pressure and pulmonary capillary wedge pressure is _ 
widely accepted.!2 Recent studies have reemphasized 
the importance of LV diastolic dysfunction in assessi 
cardiac disease.24 Abnormal LV diastolic performan 
has been observed in patients with coronary artery dis- 
ease>> and cardiac hypertrophy* even in the absence 
of impaired systolic function. The relation betw 
changes in LV pressure and volume has been evaluat- 
ed.67 The filling characteristics of the left ventricle have _ 
been examined with both cineangiographic® and radio- 
nuclide techniques,? anda greater share of LV filling in 
the later stages of diastole has been demonstrated in 
patients with impaired LV function. Recent studies 
have validated the ability of transmitral pulsed Doppler 
ultrasound in assessing LV diastolic filling in compari- 
son with both cineangiography!® and scintigraphy.!!!? 
Abnormal LV filling has been detected by means of — 
pulsed Doppler ultrasound for a variety of diseases, such 
as coronary artery disease,!} dilated!4 and hypertrophic 
cardiomyopathy,'5 and hypertensive heart disease.!é 
Only a limited amount of data exists on the correlation © 
between LV filling parameters as obtained by means of 
pulsed Doppler ultrasound and pressure measurements: 
at cardiac catheterization. 1317218 ; 

The objective of this study was to provide a reliable 
assessment of LV filling pressures by means of pulsed . 
Doppler ultrasound, including a validation of the first’ 
data set. 

Study protocol: Transmitral Doppler flow velocity 
profiles were obtained simultaneously with right-sided 
heart catheterization (54 patients, pulmonary capillary 
wedge pressure group) and left-sided heart catheteriza- 
tion (30 patients, LV end-diastolic pressure group). for 
the purpose of evaluating the first data set. Simulta- 
neously recorded beats were matched between Doppler . 
examination and heart catheterization. Both invasive 
and noninvasive measurements were performed within 
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» 10 minutes. Doppler findings were correlated with a va- 
-riety of invasively determined hemodynamic parame- 
ters; such as LV end-diastolic pressure, pulmonary cap- 
illary wedge pressure, cardiac output, cardiac index and 
stroke volume index. 

~ In 19 additional patients (validation group) the val- 
~ ues for LV end-diastolic pressure and pulmonary capil- 
lary wedge pressure were calculated by means of the 
corresponding formulas from the first data set and cor- 
related with the invasively measured values (intraclass 
correlation analysis). 

The interobserver variability was examined for the 
validation group. The transmitral Doppler flow velocity 
profiles were derived within 30 minutes by 2 experi- 
enced examiners (observers A and B) and 1 less experi- 
enced examiner (observer C). 

All medications, including calcium antagonists, ni- 
trates and -adrenergic blockers, were administered as 
clinical requirements demanded. To preclude any drug- 
related interference, medication was not changed within 
the 24 hours preceding the Doppler examination. Dopp- 
ler flow velocity profiles were obtained before the injec- 
tion of a contrast medium. The observers who read the 
invasive and noninvasive studies were blinded to the re- 
sults of the other tests. 

Study patients: The overall study group consisted of 
73 consecutive patients who had cardiac catheterization 


12 16 20 24 28 32 36 
invasively measured LVEDP (in mmHg) 


12 16 20 24 28 32 
invasively measured PCWP (in mm Hg) 
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performed over a period of 2 months. The group used: 
for the evaluation of the first data set (pulmonary capil- 
lary wedge pressure group) consisted of 54 patients (30. 
men and 24 women; ages 59 + 11 years, range 32 to 
72) undergoing right-sided heart catheterization exclu- 
sively for diagnostic reasons. Left-sided heart catheter- 
ization was performed in 30 of these 54 patients (LV 
end-diastolic pressure group; 16 men and 24 women; 
ages 57 + 10 years, range 32 to 72). Significant coro- 
nary artery disease (>50% reduction in diameter) was 
detected in 41 patients in the pulmonary capillary 
wedge pressure group as assessed in previous examina- 
tions (21 patients in the LV end-diastolic pressure 
group). Twenty-nine of the 54 patients (15 in the LV 
end-diastolic pressure group) had had previous trans- 
mural myocardial infarction documented by typical 
electrocardiographic and serum-enzyme alterations, 
and akinesia on the 2-dimensional echocardiogram. No 
clear-cut history of myocardial infarction was detected 
for 2 patients. Seven members of the pulmonary capil- 
lary wedge pressure group had dilated cardiomyopathy 
(5 patients in the LV end-diastolic pressure group). No 
organic cardiac disorder was found in 6 patients (4 in 
the LV end-diastolic pressure group). The group used to 
validate the first data set consisted of 19 patients (12 
men and 7 women; ages 55 + 8 years, range 42 to 68) 
undergoing left-sided and right-sided heart catheteriza- 
tion to evaluate chest pain. No patient was included in 
the study with any evidence of congenital or valvular 
heart disease, in particular of mitral or aortic regurgita- 
tion as assessed at Doppler examination, hypertensive 
heart disease (LV wall thickness >12 mm in 2-dimen- 
sional echocardiography or systemic blood pressure 


FIGURE 2. Typical apical 4-chamber vie chairs the position 

of the Doppler sample volume (2 short horizontal lines) used 

in this study to obtain transmitral diastolic flow velocity wave- ; 
forns: LA ~ le ft atrium; LV = Jett ventricle; RA = srg 











a >160/95 mm Hg) or conduction disturbances such as 
~ second- or third-degree heart block. All patients dis- 
played a regular sinus rhythm with a maximal heart 
rate of 100 beats/min. 
Catheterization: Left-sided cardiac catheterization 
and angiography were performed using the femoral ap- 
proach. The left ventriculography and subsequent coro- 
nary angiography were performed in the routine man- 
ner with 7Fr pigtail and right and left coronary Judkins 
catheters. Right-sided heart catheterization was per- 
formed with a 7Fr triple lumen flow-directed catheter 
using the cubital, jugular or femoral approach. Pres- 
sures were referenced to atmospheric pressure at the 
midchest level. The distribution of the values for the LV 
filling pressures is shown in Figure 1. Cardiac and 
stroke volume indexes were calculated using standard 
~ formulas.'? 

Echocardiographic examination: We used a phased- 
array, 2-dimensional Doppler echocardiograph (Toshiba 
SSH 60A) into which a pulsed Doppler flowmeter was 
incorporated at an ultrasonic wide angle. The ultrasonic 
frequency used was 2.5 MHz. The size of the Doppler 
sample volume was set at an axial length of 3 mm. We 
used a low velocity 400-Hz reject filter. To ensure opti- 
mal echocardiographic images, all patients were rotated 
30° to the left. Using the apical 4-chamber view, mitral 
pulsed Doppler spectra were derived with the Doppler 
beam aligned perpendicular or nearly perpendicular to 
the plane of the mitral anulus (Figure 2). During dias- 


&, tole, the Doppler sample volume was positioned exactly 


in the plane of the mitral anulus, bisecting it. Mitral 
_ pulsed Doppler spectra were printed at a paper speed of 


e 100 mm/s together with the electrocardiogram (Figure 


3). The typical flow velocity profiles were characterized 
by the early diastolic passive (E wave) and late diastolic 
active by atrial contraction-caused inflow into the left 
ventricle (A wave). The peak velocities of the E wave 
and A wave, and the duration of the diastolic inflow 
into the left ventricle of the E wave and the A wave 
were assessed with the use of the outer borders of the 
Doppler curves (Figure 4). Here, the lines interrupted 


E 3. Original spectral display recording of the Doppler 
on velocity proffe. A= A waye (MAN commences E 
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by the suppression of the low frequencies up to 400 Hz 
were continued up to the baseline (Figure 4). The ime 
velocity integrals were calculated by multiplying peak 
velocity by duration and then dividing the result by 2 on — 


the assumption of triangles. The values of the mitral — 
pulsed Doppler spectra from 5 consecutive cardiac cy. 


cles were averaged to quantitatively assess the Dopple 
diastolic flow velocity waveforms (peak velocity, du 
tion, time-velocity integral, A/E ratio of integrals : 
A/E ratio of peak velocities). The quality of the Dopp- 
ler recordings was good enough to obtain the aforemen- 
tioned measurements in all patients. 
Statistical methodology: In the first data set, th 
correlations between the A/E ratio of integrals and th 
invasively measured LV filling pressures were assessed 
using linear regression analysis. : 
Calculation of LV filling pressures in the validation 


group was based on the formulas from the first data set 


for validating the Doppler sonographic measurements. 
Validation and interobserver variability were examined 
by means of the intraclass correlation coefficient.” This 
analysis assesses not only the equality of slopes but also 
the equality of intercepts. The stochastic significance of 
the intraclass correlation coefficient can be determined 
by calculating a standard F ratio of variance concerning 
the subjects to the residual variance (F[msS/msE]). To 
assess the conformity between a new measurement and 
an accepted standard, an additional F ratio of the vari- 
ance concerning the methods to the residual variance 
(F[msM/msE]) was calculated to evaluate systemati 

bias. This means that a significant method bias is as- 
sumed to be present if variance due to differences 
among methods is relatively high in comparison with i 
the residual variance. 


RESULTS ; 

Exploration: The A/E ratio of integrals showed a _ 
highly significant linear correlation with the LV end- _ 
diastolic pressure (r = 0.98, p <0.001) (Figure 5) and © 
the pulmonary capillary wedge pressure (r = 0.98, p- 
<0.001) (Figure 6). LV end-diastolic pressure and pul- _ 
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FIGURE 4. Diagram of a Doppler mitral flow velocity profile 
characteristics measured 


shows the various |. A = A wave ; 
{atrial contraction); E = ve (eariy filling); AD = p 
A-wave duration; ED = E-wave duration; PAV = peak Aware j 
velocity; PEV = peak ve ve o 
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“TABLE I Correlation of A/E Ratio and Various Hemodynamic Parameters in Different Subgroups = 


A/E Ratio 


Cardiac output 


Cardiac index 


Stroke volume index 


Subgroup 


No Myocardial 
Infarction 
(n = 23) 


r=0.99 

y = —0.14 + 0.066x 
p <0.001 

SEE = 0.07 

r = —0.69 

y = 2.15 — 0.23x 
p <0.001 

SEE = 0.23 

r = —0.66 

y = 2.14 — 0.4x 
p <0.001 

SEE = 0.33 
r=—0,67 

y = 2 — 0.03x 

p <0.001 

SEE = 0.33 


Myocardial 
Infarction 
(n = 29) 


r=0,99 

y = —0.05 + 0.063x 
p <0.001 

SEE = 0.07 

r = —0.80 

y = 2.84 — 0.04x 
p <0.001 

SEE = 0.3 

r = —0.84 

y = 297 — 0.07x 
p <0.001 

SEE = 0.27 

r = —0.67 

y = 2.21 — 0.04x 
p <0.001 

SEE = 0.37 


r=0.99 

y = —0.07 + 0.066x 
p <0.001 

SEE = 0.07 
r=-0.71 

y = 2.42 — 0.03x 
p <0.001 

SEE = 0.36 

r = —0.74 

y = 2.5 — 0.05x 
p <0.001 

SEE = 0,34 

r = —0.60 

y = 1.96 — 0.03x 
p <0.001 

SEE = 0.40 


r = 0.99 

y = —0.12 + 0.065x 
p <0.001 

SEE = 0,06 

r = —0.78 

y = 2.46 ~ 0.03x 
p <0.001 

SEE = 0.27 

r =~—0.75 

y = 2.4 — 0.05x 
p <0.001 

SEE = 0.29 

r = —0.74 

y = 2.16 ~ 0.03x 
p <0.001 

SEE = 0.29 


No clear-cut history of myocardial infarction was detected for 2 patients. g 
; PCWP = pulmonary capillary wedge pressure; SEE = standard error of the estimate. 


monary capillary wedge pressure can be calculated by 
means of the A/E ratios of integrals according to 
the following formulas: LV end-diastolic pressure (mm 
Hg): 1.06 + 15.15 X A/E ratio. Pulmonary capillary 
wedge pressure (mm Hg): 1.33 + 15.63 X A/E ratio. 

There was a significant correlation between the A/E 
ratio of integrals and cardiac output (r = —0.73, p 
<0.001), cardiac index (r = —0.74, p <0.001) and 
stroke volume index (r = —0.65, p <0.001). The corre- 
lations between Doppler and catheter findings in the 
subgroups are listed in Table I. No significant correla- 
tion was found between the A/E ratio of peak flow ve- 
locities and LV filling pressures (r <0.20, respectively). 
Also, the velocity-time integrals of the E or A wave did 
not significantly correlate with LV filling pressures (LV 
: end-diastolic pressure/pulmonary capillary wedge pres- 
“sure) (r <0.20, respectively). 

Validation: In the validation group, the relation be- 
tween invasively measured and calculated LV filling 
pressures (LV end-diastolic pressure/pulmonary capil- 


| A/E—ratio 
of integrals 
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"FIGURE 5. Regression of A/E rato of integrals to invasively 
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lary wedge pressure) expressed in terms of intraclass 
correlation coefficients shows almost perfect correla- 
tions. The bias of the Doppler sonographic measure- 
ments is nearly negligible here (Figures 7 and 8). 

Interobserver variability: The interobserver agree- 
ment regarding the A/E ratio of integrals between the 
experienced observers A and B was highly significant 
(intraclass correlation coefficient = 0.996, F[msS/msE] 
= 563, p <0.001). Between observers A, B and the less 
experienced observer C, the agreement was only a little 
weaker, although still highly significant (between A and 
C: intraclass correlation coefficient = 0.965, F[msS/ 
msE] = 234, p <0.001; between B and C: intraclass 
correlation coefficient = 0.970, F[msS/msE] = 251, p 
<0.001). 


DISCUSSION 

This study demonstrates that LV filling Himei 
obtained by pulsed Doppler ultrasound correlated very 
closely with LV filling pressures and less closely with 
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of integrals 


F 091 
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y = ~0,08 + 0,064« 
r= 0,99 

p < 0,000 
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other hemodynamic parameters assessed at cardiac 
catheterization. 

Relation between left ventricular filling parameters 
and left ventricular filling pressures: There are very 
highly significant correlation coefficients in the first 
data set between the ratio of the velocity-time integrals 
of late to early diastole (A/E ratio of integrals) and LV 
filling pressures. As LV filling pressure increased, the 
proportional share of the active mitral blood flow in- 
creased, and the share of the early diastolic blood flow 
decreased proportionally on the assumption of a mitral 
anulus diameter constant throughout the entire dias- 
tole.2! These results are in keeping with angiographic”? 
and radionuclide?!!:!2 findings, and correspond to the 
relaxation disturbances of the left ventricle in states of 
impaired LV diastolic function.??4 Furthermore, recent 
studies have shown, in agreement with the findings of 
the present study, that there is an abnormal increase in 
the relative contribution of atrial contraction to LV fill- 
ing in pathologic states.!3?5 No signs indicating a de- 
crease of the A/E ratio at very high values of LV filling 
pressures were observed. A weakly significant inverse 
correlation observed in a much smaller study group (20 
patients) without validation!’ does not correspond with 
the findings of this study; the assumption of a lower 
atrial contribution to cardiac output in states with pul- 
monary capillary wedge pressure >20 mm Hg? does 
not necessarily lead to the analogous conclusion regard- 
ing LV filling parameters. In other words, this study 
found no significant correlation between the peak veloc- 
ities or the velocity-time integrals of the late diastolic 
inflow (A wave) and the LV filling pressures. 

Reproducibility of Doppler echocardiographic mea- 
surements: The almost perfect reproducibility of Dopp- 
ler echocardiographic measurements (A/E ratio of inte- 
grals) between the experienced observers (A and B) is 
in keeping with the results of other studies.!!727-29 
Higher flow velocities are obtained near the mitral leaf- 
lets as opposed to those near the anulus or in the left 
atrium.””28 This is related to the smaller flow area in 
the mitral valve orifice.2” Furthermore, an improved re- 
producibility of mitral pulsed Doppler spectra in the left 
atrium as opposed to that in the left ventricle has been 
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FIGURE 7. Correlation between calculated and invasively 
measured LV end-diastolic pressure (LVEDP). 








reported.?8 Exact positioning of the Doppler sample vol- 
ume is therefore of great importance. This is under- 
scored by the weaker reproducibility of Doppler echo- 
cardiographic measurements between 1 experienced and 
1 less experienced observer (A and C, B and C) in com- 
parison with the almost perfect agreement between A 
and B. 

Left ventricular filling parameters and hemody- 
namic parameters of systolic left ventricular function: 
There is a negatively significant correlation between the 
A/E ratio of integrals and systolic hemodynamic pa- 
rameters such as cardiac output, cardiac index and 
stroke volume index. As the values of the parameters of 
LV systolic function decreased, the proportional share 
of the active contraction regarding LV filling increased. 
However, this correlation is not highly significant. This 
finding corresponds to the less coherent relation be- 
tween systolic and diastolic LV function.>4 Despite a 
certain relation between LV filling parameters and pa- 
rameters of systolic cardiac function, the clinical signifi- 
cance of the assessment of LV systolic function by 
pulsed Doppler ultrasound measurements of transmitral 
flow velocity appears to be enhanced only little. 

Limitations of the study: It must be emphasized that 
LV filling pressure is a complex phenomenon deter- 
mined by multiple factors, including LV relaxation, in- 
trinsic myocardial muscle properties and LV loading 
conditions.”!2 Although Doppler measurements of LV 
diastolic flow velocity provide an assessment of LV dia- 
stolic performance, in particular of LV diastolic pres- 
sures, this technique does not permit an independent es- 
timate of these different determinants of diastolic func- 
tion.!2 The presence of valvular insufficiency, in 
particular of mitral regurgitation, is known to alter the 
LV filling profile.2° Therefore, the method described 
earlier for noninvasive assessment of LV filling pres- 
sures should not be used in patients with relevant hemo- 
dynamic valvular incompetence. 

Clinical implications: In this study, we were able to 
demonstrate that LV filling parameters obtained from 
the Doppler transmitral flow velocity profile provide a 
reliable noninvasive measurement of LV filling pres- 
sures. 
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FIGURE 8. Correlation between calculated and invasively 
measured pulmonary capillary wedge pressure (PCWP). 
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NONINVASIVE MEASUREMENT OF FILLING PRESSURES 
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Factors Influencing Accuracy in Left Ventricular 
Volume Determination 


Florence H. Sheehan, MD, and Suzanne Mitten-Lewis 


etre ae ea a ae Nes iy PA La DN 
The accuracy with which left ventricular volume is 


determined from contrast ventriculograms depends 
on the care with which the analysis protocol is 
followed. Therefore, the effect of variations in 
the method used for calculating the correction 
factor (CF) that adjusts for magnification and 
image distortion on volume calculation was mea- 
sured. The results showed that error in the CF is 
caused by (in order of decreasing importance): film- 
ing the calibration figure at a different magnifica- 
tion mode from that of the ventriculogram, at a dif- 
ferent height from the table than the level of the 
ventricle, or with the image intensifier at a different 
height than used during ventriculography; use of a 
calibration figure less than half the size of the ven- 
tricle; calculation of the CF from only 1 band pair 
of a banded catheter; or placement of the calibra- 
tion figure at the periphery rather than the center 
of the imaging field. Error in volume determination 
was proportional to error in the CF. With care, the 
error in volume can be reduced to that due to 
interobserver variability in tracing the endocardial 
contours. 

(Am J Cardiol 1989;64:661-664) 
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ulography is the gold standard for volume de- 

termination.'* Variations in the approach for 
calculating the correction factor (CF) that adjust for 
magnification and distortion in the imaging chain have 
come to the attention of the Cardiovascular Research 
and Training Center during its service as a central ra- 
diographic laboratory for multicenter trials of thrombo- 
lytic therapy. Therefore, we assessed the effect of these 
variations on left ventricular (LV) volume determina- 
tion and compared it with interobserver variability. 


D ue to its demonstrated accuracy, contrast ventric- 


METHODS 

Ventriculographic analysis: The ventriculograms of 
21 patients who underwent imaging in the 30° right an- 
terior oblique projection were randomly selected. In all 
patients, a grid was filmed at midchest level, with the 
imaging equipment in the same configuration as during 
ventriculography (Figure 1). From the projected cine 
film, the end-diastolic and end-systolic contours of a 
normal sinus beat were traced on paper. The grid film 
was then projected onto the same sheet of paper and 
traced. The tracings were entered into a VAX 750 com- 
puter using an x-y digitizing tablet. LV chamber vol- 
ume was calculated using the area-length method.3 

Grid correction factor: The linear CF? was calculat- 
ed by outlining the grid squares enclosed by the end- 
diastolic contour (Figure 2), counting the number of 
squares within the outline (= true area), and measuring 
the area within the outline (= projected area). Thus, 
linear CF = ytrue area/projected area. A 7-cm square 
CF was calculated from measurements of the width 
(W) and height (H) of the 7 cm X 7 cm square that 
centers over the end-diastolic contour (Figure 2) as: 


LAT 7 
7-cm square CF 5 = ef =) 
CFs for the central 5-cm, 3-cm and 1-cm squares were 
similarly calculated. 

Grid versus circle correction factor: A circle CF 
was calculated by filming a 6.8-cm diameter flat metal 
disk with the image intensifier placed at 4 different 
heights above the table. The disk was imaged in the 
lower right hand corner of the grid. The circle CF was 
calculated as the true diameter/projected diameter. It 
was compared with 7-cm square CFs calculated from 
the center of the image field and from the lower right- 
hand corner, overlying the disk. 

Grid versus banded catheter correction factor: A 
banded pigtail catheter (USCI), which has 3 metallic 
bands located 2 cm apart on the straight section of the 
catheter immediately proximal to the pigtail (Figure 3), 
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TABLE I Grid Correction Factors Measured by Five Methods 
in 21 Cineventriculograms 


Method Correction Factor 










Linear 0.768 + 0.029 

Contour span 0.767 + 0.028 0.036 
7-cm square 0.764 + 0.027 0.058 
5-cm square 0.774 + 0.028 0.018 
3-cm square 0.781 + 0.029 0.001 
1-cm square 0.788 + 0.034 0.001 









*Paired t test vs linear. 


was secured to the grid and filmed in the 30° right and 
60° left anterior oblique projections, at 4 image-intensi- 
fier heights. The catheter CF was calculated* from the 
angle of the catheter from vertical and from band-to- 
band distances in each projection (Figure 3). Due to 
foreshortening of the horizontal grid in the oblique pro- 
jection, the CF was calculated using the vertical grid 
alone, from the heights (Hi, H2, H3) of 3 columns of 
squares, (H1, H2 and H3 in Figure 3) lying under the 
catheter. The grid CF was calculated as: 


. 1 H, H, H, 
end. Cre =| Ft e? 
3\H, H, H; 


where H, = number of squares in the columns. 





FIGURE 1. A grid consisting of a 10 cm x 10 cm square of 
plexiglass embedded with fine metallic wires in a 1-cm grid 
pattern is filmed after the patient has been removed from the 
table. The equipment is vertically aligned and the grid is held 
horizontal at the midchest level of the patient by a clamp. The 
heights of the table and image intensifier are at the same 
distance from each other and from the x-ray tube as during 
ventriculography. 
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Effect of equipment settings on correction factov: 
The grid was filmed in all combinations of the following 
settings. Magnification mode was 6 or 9 inches. The 
height of the grid above the table was varied from 8 to 
12.5 cm in 0.5-cm increments. The height of the image 
intensifier was varied over a range of 25 cm in 5-cm 
intervals. A horizontal CF was calculated from the 
width of the central 6 squares in 6-inch mode and from 
the width of the central 9 squares in 9-inch mode. Verti- 
cal CFs were calculated from the heights of the central 
5 and 7 squares, respectively. For each magnification 
mode the horizontal and vertical CFs were averaged to 
yield a mean CF for each setting. 

Interobserver variability: The variability in volume, 
ejection fraction and wall motion between repeated 
analyses by different observers was calculated as the 
standard error of the estimate for the regression relating 
the results by each of 7 observer pairs, accumulated 
during the training of the last 7 technicians hired. New 
technicians undergo 2 to 3 months of training before 
being tested on 20 ventriculograms previously analyzed 
by a senior technician. If the trainee’s results correlate 
with the instructor’s (r >0.95) and show no consistent 
differences (p >0.05 on paired ¢ test), the training is 
considered successful. 

Statistical analysis: Differences between CFs calcu- 
lated by the 2 methods within each comparison group 
were analyzed using the paired ¢ test. The effect of dif- 
ferences in equipment setting on calculated CF was an- 
alyzed using linear regression. 


RESULTS 
Grid correction factors: The CF calculated from the 
vertical and horizontal span of the LV contour and the 





FIGURE 2. Tracing of the left ventricle at end-diastole in the 
30° right anterior oblique projection with superimposed grid 
film. The grid squares enclosed by the contour are outlined. 
The spans of the left ventricular contour and of the 7 cm, 5 
cm, 3 cm and 1 cm squares, whose height and width were 
used to calculate the respective CFs, are indicated by black 
triangles or by numbers, respectively. 




















TABLE I Comparison of Correlation Factors Calculated 
from Two Grid Positions and from a Disk, at Four Image 
Intensifier Heights 


Image Intensifier Height 


Grid, central 0.577 0.554 0.532 0.505 
Grid, corner 0.576 0.552 0.529 0.505 
Circle 0.576 0.553 0.531 0.506 





TABLE Ill Comparison of Grid Versus Banded Catheter 
Correction Factors 


View Method 


Correction Factor* p Valuet 


0.558 + 0.028 
0.550 + 0.029 
0.556 + 0.025 
Band, lower 0.569 + 0.026 
Band, mean* 0.554 + 0.029 
Grid 0.555 + 0.028 
Band, meant 0.562 + 0.025 
Grid 0.566 + 0.031 
* Mean + standard deviation of measurements made at 4 image intensifier heights. 
t Paired ttest. 


+ Mean of correction factors for upper and lower band pairs. 
LAO = left anterior oblique; RAO = right anterior oblique. 


Band, upper 
Band, lower 
Band, upper 


7-cm square CF were both similar to the linear CF cal- 
culated from the area under the end-diastolic endocar- 
dial contour (Table I). However, calculation of CFs 
from smaller sections of the imaging field resulted in 
significantly larger CFs. The largest error, 0.02, was in- 
curred by calculating the CF from a single 1-cm square 
in the center of the image field. 

Grid versus circle correction factor: The circle CF 
and grid CF from the corner of the image field were 
similar, differing by a maximum of 0.002 (Table II). As 
might be expected from the greater magnification pre- 
sent at the periphery of the image intensifier, the CFs 
calculated from the periphery were slightly smaller than 
those from centrally located grids. 

Grid versus banded catheter correction factor: In 
both projections, there was a significant difference be- 
tween the CF calculated from the upper or more proxi- 


FIGURE 3. Film of grid and banded 
pigtail catheter. The 3 vertical grid 
columns whose heights were used 

to calculate the grid CF are H1, H2 
and H3. Band-to-band distances are 
measured from the upper border of 
one band to the upper border of the 
adjacent band. L = lower; U = up- 

per. 


















TABLE IV Relation Between Equipment Settings and 
Correction Factor 


Partial 
Multiple R* B Correlationt 


Magnification mode 0.9727 0.0802 0.9836 

Height of grid 0.9805 0.0024 0.5282 

Height of image intensifier 0.9839 —0.0010 —0.4169 
Constant = 0.0842 










Equipment 














* Stepwise linear regression analysis. 
t Partial correlation of each equipment item with correction factor, after adjust- 
ment for the other 2 items. 








TABLE V Interobserver Variability in the Measurement of 
Left Ventricular Function 


Parameter 


End-diastolic volume (ml) 

End-systolic volume (ml) 

Stroke volume (ml) 

Ejection fraction (%) 

Hypokinesis, anterior wall (SD /chord) 

Hypokinesis, inferior wall (SD /chord) 0.3340.17 


SD = standard deviation from the normal mean; SEE = standard error of the 
estimate. 


mal pair of catheter bands and the CF calculated from 
the lower band pair (Table III). However, when the up- 
per and lower band pair CFs were averaged, the result- 
ing mean CF was similar to the grid CF calculated 
from the central 7-cm squares. 

Effect of equipment setting on correction factor: 
The mean CF was more strongly influenced by filming 
the grid at the wrong magnification mode than by the 
grid or image intensifier height (Table IV). As evident 
from the regression equation, a change in magnification 
mode from 6 to 9 inches alters the correction factor by 
0.241. A 5-cm difference in the height of the grid from 
the table changes the CF by 0.012, considerably more 
than a 5-cm difference in the height of the image inten- 
sifier, which was 0.005. 

Effect of correction factor on volume calculation: To 
determine the effect of error in the CF on calculated 
volume, the volume equation was addressed: 


V = (x/6) (L- D?- CF) 
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FIGURE 4. Effect of large and small errors in correction factor 
(CF) on volume determination. The error in volume also de- 
pends on the size of the left ventricle and on the magnifi- 
cation mode. 


where V = volume, L = long-axis length, D = short- 
axis diameter (squared for single plane ventriculograph- 
ic analysis). Let 
k = (1/6) (L - D?). 
Then, volumes V; and V, can be calculated from CF; 
and CF; as: 
Vi =k. CF,’ ; 
V> =k. CF? > 
Let the difference between CFs be d = CF, — CF. 
Then, 
Vz =k (CF, = d)’. 
The error in volume measurement is the differenze be- 
tween the 2 volumes: 
V; - V, = k-CF,? — k (CF; — d}? 
= k (3 CF? d — 3 CF, d? + d’). 


Since d is small, ranging from 0.001 to 0.02, the é? and 
d3 terms are minuscule, and the deviation from the cor- 
rect volume (V; — V2) caused by an error in CF (d) is 
proportional to d (Figure 4): 


Vi ves V2 = (3 k - CF;?) d. 


Interobserver variability: The interobserver variabil- 
ity in volume determination (Table V) is of the same 
order of magnitude as error due to CF miscalcuwation. 
LV end-diastolic volume was <300 ml in all. 


664 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 64 


DISCUSSION 

The results of the present study place the errors in 
volume determination incurred by protocol variation in 
perspective. The linear CF calculated from the area of 
grid squares enclosed by LV contour was similar in 
magnitude to the CF determined from the height and 
width of the end-diastolic contour. Other methods of de- 
termining the CF yielded comparable results. For ex- 
ample, the CFs calculated from the grid and the metal 
disk were similar. It is important for the calibration fig- 
ure to approximate the body of the left ventricle in size; 
the error incurred by calculating the CF from small 
grid squares was a magnitude larger than error from 
any of the other protocol variations studied. As long as 
the calibration figure is large, its shape and location 
have little effect on the CF. Thus, grid CFs calculated 
from the center and periphery of the imaging field were 
similar. 

There was considerable variability in the CFs calcu- 
lated from banded catheters. This variability may be 
minimized by averaging the CFs from the upper and 
the lower band pairs. Advantages of using banded cath- 
eters are that the calibration is filmed automatically 
during ventriculography and that the calibration band is 
truly at the level of the left ventricle rather than assum- 
ing the left ventricle to be midchest. Placing the grid at 
a different level from the left ventricle changes the CF 
by 0.012/5 cm in height (Table IV). The associated er- 
ror in volume is (V; — V2)/ Vı X 100, or 3 d/CF, X 
100. That is, at 6-inch mode, if the true CF is 0.5, then 
the error is 7.2%, similar to that reported by Greene et 
al. 

Clinical implications: Errors in the CF affect volume 
in proportion to the size of the error, the size of the left 
ventricle and the magnification. The CF is most accu- 
rate when calculated by tracing a calibration figure that 
is the size of the LV contour, or from a banded catheter. 
With attention to protocol, the error in volume can be 
reduced to 2 to 3 ml%, which is lower than the variabili- 
ty between observers. 
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High Incidence of Acute Coronary Occlusions Complicating 
Percutaneous Transluminal Coronary Angioplasty for Angina Pectoris 


Elliot Chesler, MD, Charles Gornick, MD, Gordon Pierpont, MD, and E. Kenneth Weir, MD 


W: report a disturbingly high early closure rate 
= WW complicating 94 coronary angioplasties of native 
coronary arteries during a recent 5-year period. While the 
series is small, our findings are unusual in several re- 
spects. All patients were seen clinically and had their 
preangioplasty angiograms performed at the Veterans 
Administration Hospital by these investigators. They 
were then referred to | of 3 institutions where percutane- 
~ ous transluminal coronary angioplasty (PTCA) was per- 
_ formed by high volume operators, the bulk of whose prac- 
- tice was among nonveterans (Figure 1). All the patients 
were men, relatively young and virtually all had proximal 


 1-vessel obstructions. Data analysis suggests that the high 


early closure rate correlates with lesion-specific angio- 
graphic risk factors. 
; Between April 1983 and May 1988, 94 patients had 
elective PTCA at 3 institutions (A, B and C). Apart from 
-7 patients who had unstable angina, the remainder were 
stable but refractory to, or dissatisfied with, medical 
treatment. Aspirin was routinely used before and after 
angioplasty as were calcium antagonists after angio- 
plasty. 
A risk factor score was compiled by retrospective 
analysis of the preangioplasty cineangiogram by 1 re- 


viewer (EC) who was unaware of the clinical outcome. 


One point was allocated for each of the following risk 
factors related to lesion morphology: (1) length of lesion 
>1 cm; (2) eccentric lesion, that is, asymmetric stenosis 

any angiographic projection; (3) calcification involv- 
ing the area of stenosis to be dilated; (4) branch point, 


| where the lesion is adjacent to a branch vessel; (5) a 


visually estimated bend point >45° in any nonforeshor- 
tened angiographic view at end-diastole; and (6) intra- 


coronary thrombus. 


_ The mean risk factor score for patients who had 
: acute occlusion was compared to patients classified as 
javing a primary success using Student’s unpaired t test. 
Differences were considered significant at p <0.05. Data 
are presented as mean + standard error. Primary suc- 
cess was defined as a reduction in stenosis diameter to 
<50%. 
-< INSTITUTION A (April 1983 to May 1984): There were 
13 men, aged 58 + 2 years. Each underwent angioplasty 
` of 1 artery: the right coronary artery in7, the left anteri- 
or descending in 5 and the circumflex in 1. Only 1 lesion 
(in the right coronary artery) was distal. The primary 
success rate was 9 of 13 (69%). Acute closure complicat- 
ed 4 (31%) procedures. All 4 patients had emergency 
~ coronary artery bypass surgery, and 3 had a myocardial 
infarction. The lesion risk factor score was 2.75 + 0.95 


‘rom the Cardiovascular Section (111C), Veterans Administration 

: Medical Center, One Veterans Drive, Minneapolis, Minnesota 55417, 

the Department of Medicine, University of Minnesota, Minneapo- 

s. Manuscript received January 23, 1989; revised manuscript received 
une 16, 1989, and accepted June 17... 
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Sor acute occlusion and 0.67 + 0.33 for primary success 
(p $0.05). 
INSTITUTION B (September 1984 to November 1986): 
Fifteen men (aged 51 + 13 years) had 17 arteries dilated: 
the right coronary artery in 7, the left anterior descend- 
ing in 5, the circumflex in 3 and the diagonal in 2. All the 
lesions were proximal. The primary success rate was. 
80%. Acute closure complicated 3 cases (20%); 2 pa- 
tients had emergency coronary artery bypass surgery . 
and I of these had a myocardial infarction. One patient 
had a nonfatal, nonsurgical myocardial infarction. The 
lesion risk factor score was 2.5 + 0.29 for acute occlusion 
and 0.57 + 0.17 for primary success (p 0.001). 
INSTITUTION C (November 1986 to May 1988); Sixty- 
six men (aged 58 + 9 years) had 71 arteries dilated: the 
left anterior descending in 26, the right coronary artery 
in 24 (4 distal), the circumflex in 20 and the diagonal in 
1. The primary success rate was 48 of 66 patients (73%). 
It would have been higher had PTCA not been attempted 
in 9 patients (14%) who had uncomplicated failure to © 
dilate complete, or near complete, chronic occlusions. 
Acute closure occurred in 9 patients (14%). Two pa- 
tients had nonsurgical, nonfatal myocardial infarction. 
Seven patients had immediate coronary artery bypass 
surgery. Of these 7, 4 were complicated by myocardial 
infarction with 2 deaths (total mortality rate of 3%). The 
Jirst fatality was a 58-year-old man with a 95% narrow- 
ing of the proximal circumflex artery (risk factor score 
of 3). After PTCA there was abrupt closure of the vessel. 
He underwent emergency coronary artery bypass surgery 
but developed hypotension and died of renal failure 7 
days later. Autopsy showed extensive myocardial infarc- 
tion. The circumflex coronary artery was occluded by 
atherosclerosis and recent thrombus. The second fatality 


was a 65-year-old man with unstable angina. The initial 


angiographic findings showed an occluded left anterior 


descending coronary artery and subtotal occlusion of a. 


diagonal branch (risk factor score of 3). At angioplasty, 
the left anterior descending coronary artery had recanal- 
ized, suggesting the presence of intracoronary thrombus. 
Using a dual catheter technique (via both femoral : 
arteries) the diagonal branch and the left anterior de- 
scending coronary artery were cannulated with 0.14-inch 
guidewires and both vessels were dilated. Repeat angiog- 
raphy showed proximal thrombosis of the left anterior 
descending coronary artery with propagation into the 
circumflex coronary artery. This persisted despite intra- 
coronary streptokinase. Emergency operation was un- 
dertaken in the presence of myocardial infarction but the 
patient died. The lesion risk factor score for this institu- 
tion was 1.9 + 0.41 for acute closure and 0.69 + 0.12 (p 
0.001) for primary success. 

The efficacy of PTCA is dependent on operator expe- 
rience, use of modern equipment and, possibly most im- . 
portant of all, patient selection. These variables make 
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‘comparison of results from different institutions difficult, 
and perhaps impossible. Analysis of our data clearly indi- 
cates a high risk for acute closure when several lesion- 
specific risk factors are identified. The patients included 
in this report were referred for PTCA largely because 
they were middle-aged men with l-vessel disease in 
whom a therapeutic option, other than coronary artery 
bypass surgery, was desirable. We have no reason to 
question the technical expertise of the operators and no 
means of comparing their ability with that of other opera- 
tors. It seems unlikely that changes in equipment played a 
major role because virtually all of the patients had proxi- 
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mal lesions: Furthermore, steerable catheters with con- < 


tinuous improvements in design over the years were used ` 
in all of our patients. Those patients who had PTCA 
before March 1983 (using nonsteerable systems) were. 
excluded from this study. 

The influence of patient selection is clearly evident in 
our series because the risk factor score declined over the 
years. The primary success rate, which was improving, 
would have been higher had angioplasty not been at- 
tempted in 9 patients with chronically occluded vessels at 
institution C (Dilatation of chronic occlusions was not 
attempted at institutions A and B.) (Figure 2). The effect 





FIGURE 1. Incidence of emergency 


coronary artery bypass surgery 
(CABS), myocardial (M) infarction 
and death at the 3 institutions. 
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of patient selection is clearly evident when PTCA is at- 
tempted in the presence of intracoronary thrombus. In 
one series,! dilatation was complicated by occlusion in 
. 73% of patients compared to only 8% when thrombus was 
< absent; the latter was a result of dissection. 
; We derived a simple risk factor score from reports of 
the American College of Cardiology and the American 
Heart Association Task Force and major university hos- 
pitals.2> Our results confirm the validity of these guide- 
lines. (Possibly, the risk score should have been weighted, 
so that thrombus was allocated at least 2 points.) Risk 
factors were identified by retrospective analysis of very 
large numbers of cases with a low rate of complications. 
Allowing for the technical expertise and experience of 
-these operators, one could also assume that these risk 
factors were absent in most patients who did well, and the 


a ‘clinical material was therefore selected. With awareness 


of these lesion-specific risk factors, we believe we can now 
refer patients who will have fewer complications. Indeed, 
careful selection of low risk patients could probably blunt 
-the so-called learning curve for the new PTCA operator. 


- The results of PTCA would be more meaningful if, in 


future studies, risk factors were clearly defined prospec- 
tively for each patient. Because we acted as referring 
physicians, our data may have relevance to the results of 
PTCA in the community. Although the results are less 
than satisfactory, they may be similar to those obtained 
outside major centers that choose to report their results. 


In summary, careful assessment of angiographic le- 


sion-specific risk factors can identify a group of patients 
at high risk for intimal dissection and coronary artery 
occlusion. Because of the excellent prognosis of patients 
with 1-vessel disease treated medically,‘ a high risk factor 
score may militate against PTCA and suggest further 
medical treatment or coronary artery bypass surgery. 


Addendum: Since submission of this manuscript, an 
additional 66 patients had 79 arteries dilated (66.one-and> 
13 two-vessel) at institution C between May 1988 and 
May 1989. The primary success rate was 94%. Acute 
closure with nonfatal myocardial infarctions complicated 
4 cases (6%). The lesion risk factor score was 1.75 + 0.48 
for acute occlusion and 0.44 + 0.8 (p <0.001) for pri- 
mary success. These findings confirm the favorable effect 
of patient selection. 
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-Restenosis After Excellent Angiographic Angioplasty Result for 
Chronic Total Coronary Artery Occlusion— 
Implications for Newer Percutaneous Revascularization Devices 


i Stephen G. Ellis, MD, Richard E. Shaw, PhD, Spencer B. King, Ill, MD, Richard K. Myler, MD, 


and Eric J. Topol, MD 


he incidence of restenosis after coronary angioplasty 

for treatment of chronic total coronary occlusion is 
-unacceptably high.! The pathophysiology of restenosis 
“after coronary angioplasty may be conceptually divided 
into an exuberant myointimal proliferation,? and a resid- 
ual partial obstruction that serves as a platform for ather- 
oma regrowth and may potentiate that process by aug- 
< menting blood flow turbulence and platelet deposition. 
~The techniques of atherectomy or laser ablation? may 
lessen the likelihood of restenosis by minimizing the resid- 
ual stenosis, although currently each may require supple- 
mental balloon angioplasty to achieve this result. How- 
ever, the effect of these techniques on later myointimal 
proliferation in human beings is largely unknown. The 
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concept that intracoronary stenting’ may reduce resteno- 
sis is based largely on the supposition that, by forcing and 
maintaining the obstructive atheroma out of the normal 
arterial lumen, turbulence and hence platelet deposition 
would be reduced’ and a large amount of myointimal 
proliferation would be required to recreate an obstruction 
of physiologic consequence. 

To assess the likelihood of restenosis after an excel- 
lent angiographic result with routine coronary angio- 
plasty for chronic total occlusion, and thereby to provide 
inferential data on the likelihood that newer interven- 
tional techniques will decrease restenosis in this setting, 
we reviewed all patients with successful coronary angio- 
plasty (final diameter stenosis <50% by electronic cali- 
pers or a validated computer-edged detection system) 
for chronic total occlusion (>3 days’ duration) and angi- 
ographic follow-up from Emory University Hospital, the 
San Francisco Heart Institute and the University of 
Michigan Hospital before December 31, 1986. There 
were 257 stenoses that met these criteria, representing 
53% of all chronic total occlusions successfully dilated © 
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| TABLE! Angiographic Documentation of Restenosis 


Within Within Within 
3 Months* 6Months* 12 Months* 

















Group 1 (n = 37) 

Chronic total occlusion, ll 30 52 
final stenosis <10% (%) 

Group 2 (n = 69) 

Chronic total occlusion, 14 39 59 
final stenosis 11-20% (%) 

Group 3 (n = 151) 















Chronic total occlusion, 24 45 73t 
final stenosis >20% (%) 

Group 4 (n = 56) 

Subtotal occlusion, 7 26 39t 










final stenosis 0-49% (%) 
* By lifetable analysis; tp <0.001 group 3 versus groups 1 and 2 by log rank 
analysis; * p <0.01 vs ae 1 through 3 by log rank analysis. 


during this time period. Patient age was 54 + 10 years 
(mean + standard deviation), 79% were men, the dura- 
tion of occlusion was 11 + 13 weeks and the diameter 
stenosis after angioplasty was 24 + 12%. During follow- 
up, 82% of patients received aspirin, 27% received dipy- 
ridamole and 63% received warfarin. Stenoses were pro- 
spectively divided by final diameter stenosis. Group 1l 
comprised 37 patients with final stenosis 0 to 10%, group 
2 included 69 patients with final stenosis 11 to 20% and 
group 3 had 151 patients with final stenosis >20%. In 
addition, 56 stenoses with initial diameter stenosis 50 to 
95% provided a “control” to inferentially assess the ef- 
fect of incomplete angiographic follow-up in these pa- 
tients (group 4). Groups 1 through 3 did not differ 
(Pearson chi-square >0.05) with regard to duration of 

































and Aurelio Chaux, MD 


upture of the ventricular septum is an uncommon 

but life-threatening complication of acute myocardi- 
al infarction (AMI). It occurs in <1% of infarcts. The 
noninvasive evaluation of such defects by 2-dimensional 
echocardiography has been reported.! These defects, 
however, can be difficult to image, particularly after an- 
terior AMI,» when they are usually located in the apical 
region. Doppler color flow mapping allows visualization 
of the shunt flow abnormality and may thus aid in the 
preoperative assessment of such defects. Color flow map- 
ping has been used intraoperatively to evaluate valve re- 
pair‘ and closure of congenital shunt lesions.’ It may also 
be a useful tool in assessing the adequacy of repair of 
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total occlusion or distribution of arteries dilated, factors 
known to influence the risk of restenosis in this setting.! 

Restenosis (diameter: stenosis =50% from. multiple 
views) was angiographically documented as listed in Ta- 
ble I. Thus, although the exact rates of restenosis cannot 
be determined without 100% angiographic follow-up, 
these data suggest that, although final diameter stenosis 
is an important predictor of risk of restenosis after angio- 
plasty for chronic total occlusion, even chronic total oc- 
clusions with excellent angiographic results after angio- 
plasty are at high risk for restenosis. These findings may 
have important implications regarding the likelihood of 
restenosis after successful recanalization by newer abla- 
tive techniques or intracoronary stenting in this setting. 
Pharmacologic, immunologic or mechanical methods of 
altering the neointimal blood interface and thereby pre- 
venting myointimal hyperplasia may be required to 
markedly reduce the risk of restenosis after any mechani- 
cal intervention to treat chronic total coronary artery 
obstruction. 
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Assessment by Doppler Color Flow Mapping of Ventricular Septal 
Defect After Acute Myocardial Infarction 


Gerald Maurer, MD, Lawrence S.C. Czer, MD, Prediman K. Shah, MD, 


ventricular septal rupture after AMI, which continues to — 
carry a high mortality rate despite refinement of surgical 
technique. We report the use of Doppler color flow map- 
ping for the bedside assessment of ventricular septal de- 
fects complicating AMI, and its intraoperative applica- 
tion to assess the effectiveness of surgical repair. a 
We studied 6 consecutive patients who presented to. 


our coronary care unit with clinical manifestations sug- > 


gestive of acute ventricular septal rupture after anterior >. 
{n = 4) or inferior wall (n = 2) AMI. The relevant 
clinical features are listed in Table I. The diagnosis of 
ventricular septal rupture was confirmed in all patients 
by oximetry, as well as in 4 of the 6 patients at the time of 
surgery. Two patients died before surgery and autopsies. 
were not performed. 

Echocardiographic imaging was performed from the 







parasternal, apical and subcostal windows. In addition ae 





to the standard planes, intermediate views we 
by angling the transducer to visualize the ate 


as the shunt " flow, optimall 





TABLE! Clinical Characteristics of Six Patients with Ventricular Septal Rupture After Acute Myocardial Infarction 


ECG 
Location 
of AMI 


LVEF VSD 


Site 


A Apical 
A Apical 
i Basal 
| Basal 
A+i Apical 
A Apical 


A= anterior, AM! = acute myocardial infarction; ECG = electrocardiographic; | = inferior; LAD = left anterior descending coronary artery: LC = left circumflex coronary artery; LM 
= left main coronary artery; LVEF = jeft ventricular ejection fraction; VSD = ventricular septal defect; } = narrowing. 


Left ventricular ejection fractions were determined on 
an image analysis computer (Microsonics), from apical 
4- and 2-chamber planes, using the modified Simpson 


a Jormula. Regional wall motion was interpreted by 2 ob- 


servers using semiquantitative scoring. 

Intraoperative echocardiographic imaging and color 
flow mapping were performed in 3 of the 4 patients who 
underwent surgical repair. The initial intraoperative 
study was performed after opening the chest and pericar- 
~ dium. We used a 3.5 MHz-transducer, which was cov- 

ered with a sterile plastic sheath and placed directly on 
the epicardial surface of the heart.4° Images were ac- 
quired in multiple planes to visualize the ventricular 
septal defect, as well as the shunt flow. After closure of 
the defect and after discontinuation of cardiopulmonary 
bypass and rewarming, the patch repair was imaged 
_echocardiographically; in addition, color flow mapping 
was used to evaluate presence of a residual flow abnor- 
_mality. 

Two-dimensional echocardiographic visualization of 
the defects after anterior AMI was not possible in 3 
patients and equivocal in 1 (Figure 1A), even when at- 
tempting to image with different types of echocardio- 
graphic equipment. Both defects in inferior AMI could 
-= be easily imaged by 2-dimensional echocardiography 
(Figure 2A) in multiple planes. Color flow mapping did, 


2 s however, easily visualize shunt flow across the ventricu- 
-lar septal defect in all 6 patients. Subsequent pulsed 


ne Doppler interrogation in the area of the color abnormali- 


Shunt 
Ratio 
(Oximetry) 


Coronary | by Angiogram (% Diameter) 


LAD 
99 


100 
0 
30 


z 
o 


| o8olo 
Loo8lo 





ty also detected flow in all patients and was used to assist 
timing. During systole, prominent shunt flow jets that 
originated in the left ventricle were seen; they crossed the 
ventricular septal defect and extended into the right ven- 
tricle (Figure 1B and 2B). All jets were characterized by 
a “mosaic” pattern and aliasing, suggesting high velocity 
and turbulent flow. In all 4 patients with anterior wall 
AMI the jets crossed the ventricular septum very close ta. 


its point of insertion into the cardiac apex and extended ` 


into the right ventricular inflow tract near the tricuspid — 
valve. In the 2 patients with inferior wall AMI, shunt 
flow crossed the interventricular septum near the point — 
of insertion of the septum into the diaphragmatic wall of 
the heart. During diastole, low velocity left to right shunt 
flow was present. No right to left shunting was observed. 
Ejection fractions ranged from severely depressed 
(17%) to normal (53%). All 4 patients with anterior 
AMI had apical and septal aneurysms, which were small 
and discrete in 2 and large in 2. Both patients with 


inferior AMI had dyskinesia of the basal inferior and 2 


posterior walls, as well as of the basal posterior part of 
the interventricular septum. Both of these patients also 
had markedly enlarged, hypokinetic right ventricles, 
suggesting concomitant right ventricular infarction. 
Open chest imaging before cardiopulmonary bypass 
offered detailed 2-dimensional echocardiographic visu- 
alization of the defect (Figure 3A), as well as color flow 
imaging of the shunt flow jet (Figure 3B) in all 3 pa- 
tients. Imaging after defect closure visualized the folded 


_ FIGURE 1. Ventricular septal defect after anterior myocardial infarction: apical 4-chamber view. A, two-dimensional echocar~ 
; image: a defect channel (arrow) is present in proximity of the apex, but is difficult to visualize unequivocally. B, color 


extends into the 
V i 


image: shunt flow can be seen crossing the ventricular septal defect. A blue flow jet with areas of mosaic pattem ; 
right ventricular cavity, indicating high velocity turbulent flow away from the transducer. LV = left ventricle; Pee Rs 
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double patch repair. In none of the 3 patients was a 
residual shunt demonstrated by either color flow map- 
ping or oximetry. Color flow mapping did, however, 
demonstrate the presence of pulsatile systolic flow be- 
tween the 2 patch layers in 1 patient (Figure 3C). Be- 
cause of the uncertain significance of this finding and 
because of the absence of a residual interventricular 
shunt, no further correction was undertaken. 

Three of the 4 patients who underwent surgical cor- 
rection of the ventricular septal defect survived and had 
a satisfactory postoperative course. The fourth patient, 
in whom flow between the patch layers was demon- 
strated intraoperatively, had a cardiac arrest on the 
twenty-third postoperative day. After resuscitation, a 
large left to right shunt across the ventricular septum 
was demonstrated by both color flow mapping and ox- 
imetry. The patient subsequently died. 

Direct visualization of the defect at the time of sur- 
gery in 4 patients confirmed the site of ventricular rup- 
ture described by the ultrasonic examination. Extensive 
right ventricular infarction was noted in both patients 


A 
FIGURE 2. Ventricular septal defect after inferior myocardial infarction; off-axis apical view with the transducer tilted inferiorly. 


A, two-dimensional 








with inferior wall AMI. All defects were located within 
hemorrhagic infarct zones, and had irregular borders. 
Doppler color flow mapping provided rapid and easy 
bedside visualization and localization of shunt flow in all 
6 patients with ventricular septal rupture after AMI. 
While the use of color flow mapping has been reported 
in 2 patients with defects after inferior AMI,° its applica- 
tion in anterior AMI has not been described. Our study 
confirms previous observations that 2-dimensional echo- 
cardiography is frequently unable to visualize ventricular 
septal defects occurring after anterior AMI.*3 Reasons 
for this include small defect size, location in the near field 
of the echocardiographic sector, and the fact that these 
defects, rather than clear-cut holes, are often complex i 
serpiginous channels,’ 
Conventional Doppler techniques have been reported 
to detect flow abnormalities in such patients successful- 
ly.23 Color flow mapping has the advantage of providing 
rapid graphic depiction of the shunt flow without the need 
for prolonged interrogation, and may shorten the exami- 
nation in a critically ill patient. Thus, Doppler color flow 





echocardiographic image: the defect (arrow) is clearly visualized in the basal posterior septum, near the 


diaphragmatic wall of the heart. B, color flow mapping image: an orange shunt flow jet across the defect is present. 


Abbreviations as in Figure 1. 
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FIGURE 3. Intraoperative imaging of a ventricular septal defect after inferior myocardial infarction: short-axis views. A, two- 
dimensional 


echocardiography demonstrates a septal defect (arrow) near the diaphragmatic wall. The channel 
” and multiple layers of myocardial tissue are seen. B, color flow 


demonstrates flow within this channel. C, 


after repair, the folded double patch is visualized. The folded portion of the patch is sewn into the region of the diaphragmatic 
__ Wall (single arrow, lef. The tree margins of the patch are sewn around the interventricular septum (2 arrows, right). In this _ 
systolic frame, flow between the patch leaflets is noted (at approximately 12 o'clock position). Abbreviations In Figure | 
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‘mapping may be the initial diagnostic technique when a 
ventricular septal defect is suspected after AMI. 

- Intraoperative imaging before institution of cardio- 
pulmonary bypass can aid the surgeon in planning his 
approach, including location of ventriculotomy and as- 
sessment of need for valve surgery.*5 Of particular inter- 

„est is the after-pump evaluation of patch repair before 
chest closure. After repair of congenital ventricular septal 
defects, mild residual leaks are common and usually self- 
limited. In contrast, in patients with ventricular septal 


- defects after AMI, the recurrence of significant interven- 


tricular shunting is common, even after initial complete 
closure.’ Recurrent rupture because of tissue friability$ or 
because of ongoing resorption of infarcted tissue has been 
suggested as the cause for the recurrent shunting. The 
prognosis after repair of such defects was improved sig- 


nificantly with the “sandwich technique,” which uses a 


folded, oversized double patch.? We used this in our 4 
patients. Nevertheless, mortality after repair of such de- 
fects has been reported to be as high as 40%.° One possi- 
ble reason for late postoperative mortality after this type 
of repair may be the occurrence of flow between patch 
leaflets (Figure 3C). This flow probably resulted from 
incompetence of only one of the patch leaflets, most likely 
on the left ventricular side. While initially no interventric- 
ular shunting was present, the flow between the patch 
leaflets may have caused further myocardial dissection, 
which ultimately led to renewed septal rupture. Immedi- 
ate revision of a flow abnormality after its intraoperative 
identification could reduce postoperative morbidity and 
mortality significantly. 

-< Color flow mapping, used in conjunction with 2-di- 
mensional echocardiography, offers noninvasive bedside 
information about the presence and location of ventricu- 


i lar septal defects after AMI. It can also provide ventricu- 


ar and valvular function information. These findings 


may facilitate rapid institution of appropriate therapeutic — 
measures and may allow cardiac catheterization to be = 
limited to coronary angiography. Thus, patients may > 
avoid the additional, potentially toxic dye load needed for 

ventriculography. Some investigators! have advocated 
operating without even coronary angiography, because 


there is no good evidence that coronary artery bypass 


grafting adds to the benefit of the operation.®:!0 


Thus, color flow mapping provides important bedside. 


and intraoperative information, which could ultimately. 
contribute to improved survival in patients who develop | 
ventricular septal rupture after AMI. 
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Be Effect of Propafenone Hydrochloride on Lymphocyte Membrane Betaz 
- Adrenoceptors in Ventricular Arrhythmias 


ilou D. Drici, MD, Valérie Sbirrazzuoli, PhD, Rodolphe Garraffo, PharmD, Alain Wajman, MD, 
Philippe Morand, MD, and Philippe Lapalus, MD, PhD 


j ropafenone (2-[3 propylamino-2 hydroxy-propoxy] 
E 3 phenyl propiophenone hydrochloride) is a new and 


: = potent class I (Vaughan Williams classification) anti- 


> 


arrhythmic drug. Among its multiple electrophysiologic 
‘operties, propafenone exerts B-antagonist effects that 
may reflect a structural similarity with 8 blockers.!? 
ese 6-blocking effects have been studied in animals 
_and human beings, but remain controversial. They would 
correspond to 5 to 40% of propranolol’s 6-blocking activi- 
~ ty, at usual therapeutic doses.? 


TN eee 
rom the Departments of Cardiology and Clinical Pharmacology, 
teur, 30. Avenue de la Voie Romaine, 06034 Nice, Cédex, 
an script received March 16, 1989; revised manuscript re- 

ed and accepted June 12, 1989. 


A recent study has established the interaction of this 
drug with both 8, and 82 adrenoceptors.* Because non- 
selective 8 blockers without intrinsic sympathomimetic 
activity tend to “up-regulate” membrane 8-adrenoceptor 
density,’ we studied the lymphocytic §-adrenoceptor 
changes after an oral treatment with propafenone in pa- 
tients with ventricular arrhythmias. 

Ten patients participated in an open study comparing 
2 groups. The control subjects (group I ) comprised 4 
men and 1 woman, 30 to 45 years of age (mean 35). 
Group 2 included 3 men and 2 women, 43 to 55 years of 
age (mean 48) who had symptomatic ventricular prema- 


ture beats that required antiarrhythmic treatment. — ends 


Those in group 1 were recruited from our current cardio- 


_ vascular population. None was receiving drug treatment 
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capable of interfering with B-adrenoceptor density regu- 
lation, and none had severe heart failure. After all pa- 
-tients gave their informed consent, those in group l re- 
:Ceived either no treatment or their usual therapy (2 were 
receiving captopril, 25 mg 3 times daily, for mild h ly per- 
tension). Patients in group 2 were given oral propafenone 
hydrochloride only, 150 to 300 mg 3 times daily for 10 
days. Evaluation of the lymphocytic B-adrenoceptor 
density was performed in all patients before treatment 
and after 10 days, when an eventual variation in lympho- 
eytic membrane B-adrenoceptor number was completed. 
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o (-Hledine-125] iodocyanopindolol specifically bound per ire 
__ Standard deviation is shown by the vertical lines. **p <0.01. 





The radioreceptor assay was performed by iodine-125 
lodocyanopindolol labeling according to the following 
technique. Plasma levels of propafenone and its major 
metabolite, 5-OH propafenone, were simultaneously 
measured on days 1 and 10 by a specific high perfor- 
mance liquid chromatography assay. 

Blood pressure, heart rate and 12-lead surface elec- 
trocardiograms at rest were recorded on days 1 and 10, 
before the morning dose. PR, QRS and QT intervals 
were determined from these recordings. 

After 30 minutes of supine rest at 8 AM., before the 
morning dose of propafenone, blood samples for lym- 
Phocyte adrenoreceptor assay and determination of 
plasma concentrations of propafenone and its metabolite 
were drawn from the patients’ cubital vein and placed in 
chilled tubes. 

Lymphocytes were isolated from 40 ml of heparin- 
ized blood with a Ficoll-Hypaque gradient (density = 
1.077) according to the method of Boyum.$ The resulting 
pellets were homogenized in a Potter-Elvejehm glass 
homogenizer in 5 ml of an ice-cold buffer (NaHCO;, I 
mM, CaCl, 0.5 mM, pH = 7.6). The Suspension was 
then centrifuged at 30,000 g for 45 minutes at 4°C. The 
pellets were suspended in 200 ul of a Tris-NaCl, 10 mM, 
PH = 8 buffer. The resulting samples were kept in liquid 
nitrogen until assayed. 

The radioligand assay was performed with a final 
volume of 250 yl containing 30 ug of membrane protein, 
50 pl of (—)-[iodine-125] iodocyanopindolol (ICYP) at 
various concentrations ranging from 5 to 150 pM (at 
least 7 concentrations) and assay buffer. Incubation was 
carried out for 75 minutes at 37°C and stopped by rapid 
filtration through Watmann GF/C filters to separate free 
from bound ligand. Each filter was then washed with a 
10-ml buffer and the retained radioactivity was deter- 
mined in a gamma intertechnique counter at 60% count- 
ing efficiency. Nonspecific binding was defined as the 
binding not competed for by 106 M propranolol. _ 

Beta-adrenoceptor density and affinity for ICYP 
binding were determined from saturation curves of spe- 
cific binding and analyzed by the method of Scatchard’ 
to provide a value for the maximal density of specific 
binding sites of ICYP (Bmax) and the apparent binding 
affinity (Kd) value of the ligand. For propafenone and 5- 
OH propafenone assays,’ plasma levels of propafenone 
were determined by a high performance liquid chroma- 
tography method with internal analog standardization. 
Using a 2-ml sample, the lower limit of detection is 
about 1 ng/ml and the lower limit of determination about 
J ng/ml. Concentrations of 5-OH propafenone were mea- 
sured by high performance liquid chromatography 
electrochemical detection, ae ae 

Data are presented as mean values + standard devi 
ation. The student t test for paired observations and the 
Mann and Whitney test were used. The propafenone and 

relations were quanti- 
lues of p 
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* p <0.01 vs baseline; t p <0.05 vs baseline. 


phocyte membranes. In group 1 the maximal number of 
binding sites (Bmax) obtained from lymphocyte mem- 
branes was 18 + 4 fmol/mg before treatment, with a Kd 
value of 34 + 8 pM. On day 10, Bmax and Kd did not 
differ significantly (19 + 4 fmol/mg and 32 + 12 pM). In 
group 2 the mean receptor density in patients undergoing 
antiarrhythmic treatment increased from 22 + 9 Smol/ 
mg on day | to 43 + 9 fmol/mg protein after 10 days of 
treatment (p <0.01). Kd values were 25 + 20 and 27 + 

18 pM, respectively (difference not significant) (Figure 

1). 

In group 2 the daily dosage of propafenone was 450 
mg in 2 patients, 600 mg in 2 patients and 900 mgin l 
patient (mean 600). The resulting steady state plasma 
level of propafenone was 411 + 171 ng/ml (119 to 555) 
and that of 5-OH propafenone was 120 + 76 ng/ml (71 to 
249). There was a linear relation between the daily dos- 
age of propafenone and its steady-state levels on the 
tenth day (p <0.05). 

A decrease in systolic and diastolic blood pressures 
occurred in both groups, although it was more important 
in group 2 (151 + 8/88 + 3 mm Hg before treatment vs 
134 + 14/76 + 6 mm Hg on day 10). Statistical analysis 
of data showed a significant difference with diastolic 
blood pressure only (p = 0.05). The heart rate was 
slightly decreased at rest in both groups on day 10, as 
compared with the pretreatment values (71 + Sus 7544 
beats/min in group 2), but not Significantly, and no sig- 
nificant relation was found between this decrease and the 
circulating levels of propafenone (Table I). The prolon- 
gations of the PR, QRS and QT intervals determined at 
rest before the morning dose were not significant (PR = 
186 + 220s 177 + 15 ms; ORS = 108 + 7 vs 89 +7 ms; 

QT = 398 + 6 vs 389 + 15 ms). 

This study assessed one of the multiple pharmacologic 
properties of propafenone and one that is usually linked to 
treatment with nonselective 6 antagonists, namely, the 
possibility of inducing lymphocytic 8-adrenoceptor up- 

gulation.®'° Propafenone resembles the §-adrenergic 
st drug propranolol, as both share side chain 


ause lymphocytes contain a homoge- 
3> adrenoceptors, it is likely that this: 
elevant to propafenone’s Bzr-block-: 





: TABLE! Effect of Propafenone on Lymphocyte Betaz Adrenoceptor Density, Clinical and Electrocardiographic Parameters 
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Bmax = Bzadrenoceptor density; DBP = diastolic blood pressure; HR = heart rate; Kd = binding affinity; SBP = systolic blood pressure. 


- was best studied a 









DBP 
(mm Hg) 


QT 


(ms) 































Group 1 : 
Day 1 1844 3448 69+8 114412 68+6 145421 86419 3784+ 29° 
Day 10 1944 32412 63412 110410 6947 150 + 20 83413 3754215) 

Group 2 : 
Day 1 2249 25+ 20 7544 15148 8843 177415 8947 38941505 
Day 10 43 +9* 27418 7145 134414 76 + 6 186 + 22 108 +7 398 +6 







ade potency. In our study, the oral doses of propafenone. - 
and the steady-state plasma levels subsequently obtained 
were within the usual therapeutic range, and the ratios of 
propafenone/5-OH propafenone were those of extensive 
metabolizers.'? A linearity close to statistical significance 
(p = 0.06) was found between the steady-state levels of 
propafenone and the increase in 8, adrenoceptors, as €x- 
pressed in variation of basal value. A weaker relation was _ 
found between 5-OH propafenone levels and B-adreno- 
ceptor density, which may be due to the poor 6-antagonist 
activity of this metabolite. 13 o 
Previous in vitro studies have discussed the affinity of 
propafenone for -adrenergic receptors. It has 
shown that propafenone was inhibiting isoprenaline 
duced inotropic response? or displacing competitively spe 
cific binding from these receptors.! However, even ifthe 
specific pharmacologic interactions of propafenone wi 
both 6; and 8 adrenoceptors have been recently estab 
lished,* the clinical relevance of these properties is no 
clearly determined.'!-!2 In vitro studies have found tha 
the 8-blocking potency of propafenone is oth to ot 
of propranolol’s on a molar basis.3 Because the plasma. 
concentrations observed during long-term treatment with 
propafenone are >50 times higher than those of propran=. 
olol, its 8-blocking properties can be clinically relevant in 
man. In fact, the changes observed in group 2 during our 
study were partially similar to those found in a B-antago- 
nist treatment. Only the decrease in diastolic blood pres- 
sure reached statistical significance (p <0.05) whereas 
the decreases in systolic blood pressure and heart rate, 
although greater under treatment than in group 1, were 
not significant. ce 
Several studies using radioligand binding have estab- 
lished the possibility of inducing up-regulation of lym- 
phocytic 8 adrenoceptors with long-term administration 
of nonselective 6 blockers devoid of intrinsic sympathomi-.. 
metic activity, such as propranolol.5 Our study shows the 
possibility of inducing with propafenone a pronounced b- 
adrenoceptor up-regulation similar to that obtained with 
nonselective 8 blockers. However, the remarkably mild 8- 
blocking effects on clinical and electrocardiographic pa- `; 
rameters remain unclear. If the 90% increase in Bolym- - 
phocyte adrenoceptor density we observed in this study 
did correspond to a 8-blocking effect of propafenone, it 
did not result in profound changes in heart rate and blood 
pressure at rest. This is in agreement with the results of 
other investigators,'* who showed that 6-blocking activity _ 
t exercise or pharmacologic testing 
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Puerperium 


A trial natriuretic peptide (ANP) is a potent natri- 
uretic, diuretic and vasoactive compound secreted by 
the atria of the heart. A large body of evidence indicates 
that the degree of atrial stretch or wall tension is a pre- 
dominant factor in the regulation of ANP secretion.' The 
role of ANP during pregnancy is still controversial. Cus- 
son et al? described an increase in the circulating levels of 
immunoreactive a-natriuretic factor during normal preg- 
nancy, whereas others? did not find an increase in ANP 
concentrations. However, measurements during labor 
and the early puerperium have not yet been reported. 
Pregnancy is accompanied by an increase in plasma vol- 
ume, cardiac output and stasis of blood in the lower 
extremities. During labor and delivery important hemo- 
dynamic changes take place, with a further increase in 
cardiac output.> After the delivery there is a mobilization 
and excretion of the retained water and salt accompanied 
- bya diuretic phase. Our hypothesis was that the hemody- 
namic changes during labor and delivery may stimulate 
the release of ANP which, in turn, could play a role in the 
loss of the extra water and salt. The aim of the present 
study was to examine the pattern of circulating ANP 
levels before, during and after labor, and during the early 
< puerperium. 
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Increases in Atrial Natriuretic Peptide After Delivery and in the 


Daniel Duprez, MD, DSc, PhD, Jean-Marc Kaufman, MD, PhD, Yan-Ru Liu, MD, 
Josée Van Hoecke, RN, Yves Van Trappen, MD, Michel Thiery, MD, PhD, 
Alex Vermeulen, MD, PhD, and Denis Clement, MD, PhD 


Eleven healthy pregnant women were enrolled in the 
study and gave informed consent for the blood sampling. 
Their mean age was 28.6 + 1.3 (standard error of the 
mean) years, with a mean height of 1.64 + 0.02 m anda 
mean weight of 69.3 + 2.5 kg (at the end of pregnancy): 
All were normotensive and remained so throughout the 
pregnancy. They received no proprietary medications ` 
during pregnancy. The gestational age was accurately 
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FIGURE 1. Sequential atrial natriuretic peptide (ANP) levels 
-before labor, during labor, immediately after delivery and on 
the second and fourth postpartum days. z 


determined by early ultrasound examination. All preg- 
nancies had an uneventful course and resulted in a nor- 

_ mal delivery (without the assistance of anesthesia) at 
term (mean duration 38.9 + 0.3 weeks) of 1 healthy baby 

-of appropriate weight. There were 6 primigravidas and 5 
-multigravidas. Blood samples were obtained by puncture 
~ of an antecubital vein before and during labor, immedi- 
ately after delivery and on the second and fourth puer- 
peral days. Each time, the patients lay supine for 30 
minutes before blood was obtained. Ten ml of venous 
blood was collected in a chilled tube containing 10 mg of 
ethylenediaminetetraacetic acid and 500 KIU of apro- 
tinin; the blood was kept on ice. The plasma was sepa- 
rated by centrifugation at 4°C and kept frozen in ali- 
quots at 20°C until assay. A 1-ml plasma sample acidi- 

_ fied to pH 3 was passed through a Bond Elut cartridge 
_(Analytichem International) primed with 2 ml of metha- 
nol and 2 ml of water. After washing with 15 ml of 1% 
trifluoroacetic acid in water, the a-human ANP was 
eluted with 4 ml of 60% acetonitrile in water with 0.1% 
trifluoroacetic acid. The elute, dried under N; stream, 
was redissolved in 250-ul assay buffer and 100-ul frac- 
tions were assayed in duplicate for a-human ANP by 
radioimmunoassay (human ANP-iodine-125 radio- 
immunoassay, Amersham International). All samples 
from a single subject were processed in the same assay 
run. The extraction recovery was 83 + 3% (mean + 
standard deviation, n = 6) as assessed by addition of 
_ANP-iodine-125 to plasma samples. The recovery of 
_. known amounts (47 to 77 pg/tube) of cold a-human 
_ANP added to plasma before extraction was 76 + 4% (n 


<= 5). The reported values for a-human ANP plasma 


_ concentrations were not corrected for losses in the ex- 
traction procedure. The intraassay coefficent of varia- 
tion for the extraction and radioimmunoassay procedure 
ranged between 7.7 and 13.3% (values are given as mean 
__ x standard error of the mean). Analysis of variance and 
Wilcoxon matched-pair test were used for statistical 
analysis. 

ANP levels during labor were not significantly differ- 
ent from those before labor (Figure 1). The ANP levels 
increased markedly immediately after delivery (p 

0.001). Afterwards, the ANP levels decreased progres- 
sively, but on the second day after delivery they were still 
significantly higher (p <0.01) than the control levels. 

here was a steep increase in ANP levels immediately 


after delivery, followed by a progressive decrease over a — 
period of days. ee 
The marked postpartum increase of ANP can be ex- © 
plained by a shift in fluids from the extravascular com- 
partment to the circulation leading to an increased wall 
tension in the right atrium. Immediately after delivery 
the uterus rapidly contracts to a much smaller size, and a 
bolus of approximately 500 to 750 ml of blood is rapidly.. 
delivered to the cardiovascular system. The maternal cir- 
culation must suddenly absorb this extra load as weltas 
the extracellular fluid accumulated during gestation. Ad- 
ditionally, there is an increase in venous return when the 
compression of the vena cava between the gravid uterus 
and lumbar spine is relieved. ANP is released into the 
blood stream in response to atrial stretch caused by blood 
volume expansion and becomes involved in the control of 


blood volume, renal function and vascular tone. These 


factors are greatly affected by pregnancy and delivery.° 
After the delivery, the excess of maternal sodium and 
water load is no longer required and is excreted during a 
characteristic diuretic phase.® If ANP has relevance as a 
natriuretic and diuretic hormone, one would expect the 
postpartum redistribution of body fluid to be a majo: 
stimulus to the release of this hormone. There is no pub- 
lished information concerning circulating ANP levels im- 
mediately after delivery. Nevertheless, our results in the 
early puerperium are in agreement with the findings of 
Rutherford,? Steegers* and their co-workers, who found 
that ANP had nearly doubled during the first few days. 
postpartum compared with plasma levels in normal late 
pregnancy. The significance of the increased plasma con 
centrations of ANP postpartum in relation to the in- 
creased diuresis after birth remains to be determined. 


1. Goetz KL. Physiology and pathophysiology of atrial peptides. Am J Ph isiol 
1988,254:E1-E15. 

2. Cusson JR, Gutkowska J, Rey E, Michon N, Boucher M, Larochelle P. Plasma. 
concentration of atrial natriuretic factor in normal pregnancy. N Engl J. Med 
1985,313:1230-1231. : 


3. Rutherford AJ, Anderson JV, Elder MG, Bloom SR. Release of atrial natrio 


uretic peptide during pregnancy and immediate puerperium. Lancet /987;1:938- 
929. 
4. Steegers EAP, Hein PR, Groeneveld EAM, Jongsma HW, Tan AC, Benraad 


TJ. Atrial natriuretic peptide concentrations during pregnancy (letter). Lancet 


1987; 1:1267. 

5. Pritchard JA, Mac Donald PC, Gant NF. Maternal adaptation to pregnancy, © 
In: Williams Obstetrics. Seventeenth ed. Norwalk, Connecticut: Appleton-Centu~ 
ry-Crofts, 1985:181-210. 

6. Davison JM, Dunlop W. Changes in renal haemodynamics and tubular func- 
tion induced by normal human pregnancy. Semin Nephrol 1984;4:198-207. 




























- Noninvasive Evaluation of Cardiac Structure and Function in Alpinist oe 


t is well established that long-term athletic condition- 

ing may produce alterations in cardiac structure and 
function.!2 The clinical and electrocardiographic 
changes in the “athletic heart” were first reported in 
1954, New techniques, especially echocardiography and 
magnetic resonance imaging, have facilitated more exact 
study of cardiac anatomy and function in athletes.*° The 
pattern of the left ventricle’s adaptation to the different 
hemodynamic conditions of exercise is of special interest. 
There are 2 separate patterns: isometric and isotonic 
physical training. There are also combined hemodynamic 
patterns with either increased isometric or isotonic com- 
ponents. We noninvasively investigated cardiac structure 
and function in a selected group of highly trained alpinists 
who were more than 40 years old. 

The study population consisted of 10 highly trained 
alpinists (7 men and 3 women), who were members of the 
Hellenic Alpine Association (Table I). Their ages ranged 
from 40 to 68 years (mean 47). The training program 
involved mountain climbing up to a 3,000-m altitude for 
8 months of every year. The alpinists had adhered to this 
schedule for a mean of 11 years (range 3 to 20). The 
average level of physical activity was 6,000 kealories/ 
week. Ten sedentary subjects (7 men and 3 women), aged 
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34 to 73 years (mean 47), were studied as the control 
group. Neither athletes nor control subjects had clinical 
or echocardiographic evidence of systemic hypertension, 
valvular or coronary artery disease. ; 

A standard 12-lead electrocardiogram was obtained 
with the subject in the supine position during quiet respi- 
ration. The diagnosis of left ventricular (LV) hypertro- 
phy was based on the criterion: SV; or SV2 + RVs or 
RVs >35 mm. 

All subjects underwent standard M-mode echocar- 
diographic studies guided by 2-dimensional images at 
the level of the left ventricle in the parasternal long-axis 
plane. Measurements of ventricular septum thickness, 
posterior wall thickness and LV internal dimensions 
were according to the American Society of Echocardiog- 
raphy. The LV mass was calculated using the formula 
of Devereux et al (Penn convention).’ LV mass results 
were given as LV mass index (LV mass Penn/body sur- 
face area). The end-systolic LV meridional wail stress 
was determined using the modified Grossman equation? 


WS = (p LVD, {4MWT [1 + (MWT/LVD)}}, 


where WS is the end-systolic LV meridional wall stress 
(in mm Hg), p is the systolic blood pressure (in mm Hg), 
LVD, is the LV end-systolic dimension (in cm) and 
MWT is the mean LV wall thickness at end-systole (in 
cm). Blood pressure was measured at time of echocardi- 
ography using a standard mercury sphygmomanometer 
from the right arm. The relative wall thickness (ratio of 
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FIGURE 1. Percent 
































wall thickness to internal LV diastolic radius) was 
determined using the modified formula:? 
RWT = (PWT + VST)/LVDzg, 


where RWT is the relative wall thickness, PWT is the 
-posterior wall thickness, VST is the ventricular septum 
thickness and LVDzg is the LV end-diastolic dimension. 

Group means and standard deviations were calculat- 
ed for variables in the alpinist and control groups; results 

“were analyzed using the Student t test. The relation 
between LV fractional shortening and end-systolic LV 
meridional wall stress was assessed by least-square lin- 
ear correlation. 

There were no significant differences in the age and 
body surface area between the 2 groups. S3, S4and cardi- 
ac murmurs were not heard. The blood pressure values 
were inside the normal limits (<140/90 mm Hg) in both 
groups. 

The heart rate in the athletes was slower than in the 
control subjects but this difference was not significant. 
No significant differences were noted in P wave ampli- 
tude or duration, PQ interval or ORS duration and am- 
plitude. LV hypertrophy was found in 1 alpinist and in 1 
control subject. 

The LV end-diastolic dimension, the posterior wall 
thickness, the ventricular septum thickness, the relative 
wall thickness, the LV mass and the LV mass index were 
greater in athletes than control subjects (p <0.001). The 
percent changes of the LV end-diastolic dimension, pos- 
terior wall thickness and ventricular septum thickness 
were 11, 35 and 59%, respectively (Figure 1). The degree 
of LV hypertrophy (percent difference between LV mass 

= of athletes vs controls) was 135% (Figure 2). The mean 
ventricular septum/posterior wall thickness ratio was 
1.23 in the alpinists and 1.05 in the controls; 2 alpinists 

had a ratio >1.3 (Figure 3). The fractional shortening 

_ was greater in the alpinists than in the control subjects (p 
<0.001). In contrast, wall stress was higher in the control 

v than in the alpinist group (p <0.001), (Figure 4). The 
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5: A, of the LV mass (degree of LV hypertrophy) and B, 
-V mass index. 


linear correlation between these 2 variables was Dery : 
significant (r = —0.905, p <0.001), (Figure 5). ; 
The pattern of this study group is characterized by LV 


structural and functional changes induced by ultraendur- 


ance exercise training. The effect of altitude on cardiac 

adaptation should not be significant, because, until the 

level of 3000 meters, the decrease in barometric pressure 

is not significant and therefore severe hypoxemia does not.. 
occur. : 
The physical and electrocardiographic data were ale 
most within normal limits. Systolic murmurs, gallop 

sounds and sinus arrhythmia were not found. Despite the 

strenuous training there was no significant difference in 

the mean resting heart rate between the 2 groups. This 

finding agrees with the results of other studies in endur- 

ance-trained athletes.!.? 


FIGURE 3. Echocardiogram of alpinist no. 6. Note the thick 
septum (19 mm) and the increased LV end-diastolic dimension 
(63 mm). Posterior wall thickness = 12 mm; ventricular sep- 
tum/posterior wall thickness ratio = 1.6. 
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FIGURE 4. A, fractional shortening and B, end-systolic LV 
meridional wall stress in controls and alpinists. 
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| TABLE I Biologic, Electrocardiographic and Echocardiographic Data 








BSA HR 
(bpm) 


ECG, 
(mm) 


LVDg 
(mm) 


Age (yrs), 


Sex (m?) 

























Alpinists (n = 10) 








1 40,M 2.0 55 28 58 
2 41,M 18 60 26 51 
3 42,M 18 60 28 56 
4 44, F 1.5 60 19 44 
5 44,M 1.9 50 36 59 
6 44,M 1.9 50 24 63 
7 45, F 17 75 24 56 
8 47,F 1.5 60 25 51 
9 60,M 2.0 75 27 57 
10 68,M 19 60 16 54 
Mean 47 1.9 60 24 55 
+SD 9.1 0.7 8.6 2.6 5.2 
Controls (n = 10) 
1 34,M 2.0 55 30 49 
2 36,M 19 60 27 46 
3 41,F 19 75 19 53 
4 43,M 18 85 40 53 
5 44,M 2.1 65 24 54 
6 46,M 2.0 70 26 38 
7 47,F 1.8 75 22 50 
8 48, F 1.6 65 23 55 
9 55,M 19 55 28 43 
10 73,M 18 60 31 54 
Mean 47 19 66 27 49 
+SD il 0.1 9.7 58 5.6 


‘thickness; WS = end-systolic LV meridional wali stress. 


Only 1 alpinist (10%) satisfied the electrocardio- 
` graphic criterion for LV hypertrophy. This agrees with 
the findings of Cohen et al,! who found LV hypertrophy, 
_on the basis of electrocardiographic criteria, in only 27% 
of professional ballet dancers with LV mass >219.5 g. No 
alpinist or control subject showed T-wave inversion or 
other abnormalities in the left precordial leads of the 
electrocardiogram. 


controls [e] 
alpinists A 





` EVD = LV end-diastolic dimension; LVD, = LV end-systolic dimension; LVM; = LV mass index: 











LYD, FS 
(mm) (%) 





33 43 39 12 15 
32 37 43 12 19 
30 46 27 12 14 
24 45 34 12 14 
36 39 42 12 14 
39 38 39 12 19 
31 45 34 10 12 
30 41 42 10 12 
33 43 37 10 12 
32 41 34 14 12 
32 42 37 12 14 179 
3.9 3.1 49 1.2 2.7 48.4 So 
33 33 54 8 8 58 
30 35 58 9 9 66 
36 32 55 7 8 66 
33 38 49 9 9 91 
35 35 53 10 10 98 
26 32 48 10 9 50 
36 33 59 8 10 81 
36 35 57 8 9 105 
27 37 43 10 10 72 
38 30 63 7 8 70 
33 34 54 9 9 76 
4 2.4 5.9 1.2 13 17.7 








PWT = posterior wall thickness; SD = standard deviation; VST = ventricular septum 


bpm = beats/min; BSA = body surface area; ECG, = electrocardiographic voltage: (SV; or SV2 + RVs or RV); FS = fractional shortening; HR = heart rate; LV = left ventricular; 





Our physical and electrocardiographic findings do not 
confirm that the alpinists had athlete’s heart. Neverthe- 
less, echocardiographic assessment of their heart struc- 
ture and function underlines the great amount and inten- 
sity of physical training, and it has been demonstrated 
that both size and performance are directly proportional 
to physical activity.|2° The greatest differentiation was = 
noticed in LV mass. The degree of LV hypertrophy 
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FIGURE S. Linear correlation between 
end-systolic LV meridional wall stress 
(WS) and fractional shortening (F$). 








5%) i in our r athletes was vaia compared with previ- 

us studies of endurance athletes (cyclists /long distance 
nners). > This discrepancy may be attributed to differ- 
ences in type of exercise, in age and in time of examina- 
_ tion. We noticed that soon after strenuous training the 
“LV dimension was shorter than a few hours later. We 
< think some degree of augmented sympathetic activity and 


be dehydration are responsible for this phenomenon. 


Both LV dimension and wall thickness contributed to 
the great amount of LV mass in these athletes. Undoubt- 
edly, though, most was from the LV wall and especially 
the ventricular septum (Figure 5). The combination of an 
increased internal dimension with a disproportionate in- 

~ Crease in wall thickness denotes that a mixed type of LV 
hypertrophy developed in our athletes. This eccentric- 
concentric pattern of LV hypertrophy results from both 
volume and pressure overload. In fact, numerous isotonic 
and isometric muscle contractions take place in every 
laborious climbing attempt. The alpinists seem to match 

‘the. cyclists in type of hypertrophy.!° The criterion of 
asymmetric septal hypertrophy (ventricular septum 
thickness /free wall thickness >1.3) was satisfied in 20% 
of our athletes. Disproportionate septal hypertrophy is 

>not specific for hypertrophic cardiomyopathy and may be 
found in secondary forms of LV hypertrophy." In physio- 
logic LV hypertrophy the prevalence of asymmetric sep- 

tal hypertrophy correlated well with the degree of LV 
mass hypertrophy.!? 

The greater relative wall thickness of alpinists com- 
pared to the control group expresses the concentric com- 
-»ponent of hypertrophy and leads to a smaller LV end- 

“systolic meridional wall stress in these athletes. It is ar- 
gued’? that the hearts of athletes who participate in 
isometric sports have hypertrophied in response to the 
high blood pressure resulting from the isometric training. 

- However, at rest, when blood pressure is within normal 

limits, wall stress becomes abnormally low. 

There have been many reports regarding resting LV 
< systolic function in young athletes. Most of them show 
normal, if not.supernormal, function.'.!014 But the few 

: reports regarding LV hypertrophy and function in the 

_ middle-aged athlete show values of fractional shortening 
and ejection fraction somewhat lower in these athletes 

_ with prominent LV hypertrophy compared with control 


groups and younger athletic groups.'> In contrast, frac- 
tional shortening was greater in our athletes than the — 
control subjects; 80% of our athletes were middle-aged 
subjects. Probably, this supernormal resting heart func-. 
tion in the alpinists may be attributed to the abnormally 
low wall stress, as it seemed from the very significant 
inverse correlation between LV fractional shortening and 
wall stress. 

In conclusion, alpine climbing seems to belong to the 
type of endurance training that leads to a mixed pattern — 
of LV hypertrophy. Alpinists over age 40 who continue 
strenuous exercise for a long period may be susceptible to 
prominent hypertrophy with enhanced LV function. 
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-Macroreentrant Ventricular Tachycardia 
and Coronary Artery Disease in 


Cerebrotendinous Xanthomatosis 


Peng-Sheng Chen, MD, R. Peter Fleck, MD, Constance M. Calisi, RN, 
Joseph A. Kozina, MD, and Gregory K. Feld, MD 


Cen xanthomatosis, 
a metabolic lipid disorder char- 
acterized by a defect in the conver- 
sion of cholesterol into bile acids, is a 
rare disease with <100 cases report- 
ed.! The His-Purkinje system macro- 
reentrant ventricular tachycardia 
(VT) is an uncommon arrhythmia, 
and accounts for the underlying 
mechanism in approximately 6% of 
induced sustained monomorphic 
VT.23 We herein describe a patient 
with cerebrotendinous xanthomato- 
sis, a history of sudden cardiac death 
and 2 morphologies of VT due to 2 
different mechanisms. 

A 62-year-old black man was re- 
ferred for evaluation after an epi- 
sode of sudden cardiac death. He 
had had cerebrotendinous xantho- 
matosis and had been the subject of 
a previous case report on lipoprotein 
metabolism In 1979, he developed 
exertional angina pectoris. Cardiac 
catheterization was performed in 
1985 and 1987. Both studies re- 
vealed an ejection fraction of 40% 
and significant occlusive coronary 
artery disease. He underwent coro- 
nary artery bypass surgery in Octo- 
ber 1987. In August 1988, he was 
admitted for an episode of conges- 
tive heart failure and found to have 
an ejection fraction of 26% and new 
left ventricular anterior wall hypoki- 
nesia. Myocardial infarction was 
ruled out by serial cardiac enzyme 
tests and electrocardiograms. Cardi- 
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ac medications on discharge includ- 
ed dipyridamole, aspirin, furose- 
mide, propranolol and potassium. A 
week later he passed out without any 
preceding symptoms. The rhythm 
found when the patient was first ex- 
amined by paramedics was ventricu- 
lar fibrillation, which was success- 
fully direct current-cardioverted to 
sinus rhythm. However, on arrival to 
the emergency room, he was noted to 
be in a wide QRS complex tachycar- 
dia with left bundle branch block 
morphology (Figure 1A). The 















tachycardia then converted to atrial 
fibrillation. The peak creatine ki- 
nase was 5,530 U (normal 35 to 232) 
and the MB total peaked at 31 U 
(normal 0 to 10), but no evolutional 
electrocardiographic changes were 
noted. The patient regained con- 
sciousness a week after the episode 

and was referred to our center for 
further evaluation. 

Repeat cardiac catheterization 
revealed an ejection fraction of 32%, 
anteroapical left ventricular hypoki- 
nesia and closure of 2 of the 3 venous `y 
grafts. The left internal mammary 
artery graft to the left anterior de- 
scending coronary artery and I ve- 
nous graft to the left circumflex sys- 
tem remained open. The baseline 
electrocardiogram revealed an intra- 
ventricular conduction disturbance. 
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FIGURE 1. A, electrocardiogram of the tachycardia recorded in the emergency 
room after aborted sudden cardiac death. B, electrocardiogram during macro- 
reentrant VT induced in the laboratory, which closely resembles the recordings ee 


phy. c study vealed a 
baseline H y interval of 60 ms. VT 
was induced by double premature 
stimuli (Figure 2A). The initial 3 
beats of VT demonstrated a left bun- 
dle branch block morphology, then 
‘spontaneously converted to a right 
bundle branch block morphology 
(Figures 2A, 3). The VT then stabi- 
lized at a cycle length of 255 ms and 
2:1 ventriculoatrial conduction was 
recorded (Figure 2B). Ventricular 
pacing converted the VT back to the 
left bundle branch block morpholo- 
gy, and each QRS complex was pre- 
+ ceded by a His bundle potential 
(Figure 2C). Procainamide, 1,500 
< mg, was given intravenously and the 


HV interval prolonged to 70 ms. VT 
was then induced multiple times = 


with single (Figure 4) or double pre- 
mature stimuli, and with short-to- 
long cycle length change.? Only the 
left bundle branch block morpholo- 
gy VT was inducible after procain- 
amide administration (Figure 1B). 
This VT was thought to be com- 
patible with the His-Purkinje sys- 
tem macroreentrant tachycardia be- 
cause (1) during each induction of 
tachycardia, the first and all subse- 
quent beats were preceded by His 
bundle potentials; (2) the HV inter- 
val was constant during each induc- 
tion of VT; (3) the surface electro- 
cardiogram during VT resembled 


left bundle branch block (Figure 


1B); and (4) spontaneous variations- 


of VV intervals were preceded, rath- 
er than followed, by similar changes 
of HH intervals (Figures 2C, 4). The 
right bundle branch block morphol- 
ogy VT did not appear to be due to 
His-Purkinje system macroreentry |. 
because there was no consistent His 
bundle potential observed during the 
tachycardia. 

The patient was brought back to 
the laboratory and catheter ablation: 
of the right bundle branch was suc- 
cessfully performed.” He developed . 
transient complete heart block im~- 
mediately after ablation, then con- 
verted to sinus rhythm with a long ~ 
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FIGURE 2. Induction of VT before 


procainamide . Surface 
right ventricular (RV) apical and His bundle electrograms (HBE) were recorded simultaneously. 
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leads I, aVF, V; and intracardiac 
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FIGURE 3. Twelve-lead electrocardiogram of the same episode of VT as that in 
Figure 2. After the first 3 beats, the tachycardia assumes a right bundle branch 


block morphology. 
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FIGURE 4. Induction of VT by single premature stimulus after procainamide 
administration. The high right atrium (RA) electrogram is obtained. The VV inter- 
vals of the first 2 beats were 330 and 265 ms, preceded by the same HH interval 
variations. There was atrioventricular dissociation during this episode of VT. 
Abbreviations as in Figure 2. 


PR interval and complete right bun- 
dle branch block. A permanent dual- 
chamber pacemaker was implanted. 
Programmed stimulation 1 week af- 
ter ablation induced the right bundle 
branch block morphology VT with 2 
premature stimuli. The patient was 
treated with oral quinidine gluco- 
nate, 648 mg, every 8 hours. Pro- 
grammed stimulation 3 days later, 
with up to 3 premature stimuli, 
failed to induce any VT. The HV 
interval was 100 ms at this last 
study. Quinidine gluconate therapy 
was instituted at the time of dis- 





charge. The patient was doing well, 
without recurrences of VT or sudden 
cardiac death at the time of this re- 
port. 

This case report describes a pa- 
tient with 2 morphologies of VT 
caused by 2 independent mecha- 
nisms, with spontaneous transition 
from 1 form to the other. The first 
VT, demonstrating a left bundle 
branch block morphology, was due to 
His-Purkinje system macroreentry 
and was cured by transvenous cathe- 
ter ablation of the right bundle 
branch. This arrhythmia was ren- 
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dered easier to ind > by pi ee 
amide infusion. The second VT, 
demonstrating a right bundle branch 
block morphology, was not due to 
His-Purkinje system macroreentry 
and was suppressed by therapy with. 
procainamide and quinidine. The 
combination of transvenous catheter 
ablation in the treatment of macro- 
reentrant VT followed by electro- 
physiology-guided drug therapy 
against the remaining VT was suc- 
cessful in controlling both arrhyth- 
mias, and should be considered in 
other patients presenting with this 
combination, 

Although accelerated coronary 
atherosclerosis is believed to be asso- 
ciated with cerebrotendinous xantho- 
matosis,° only recently were the first 
coronary angiographic findings re- 
ported.! The type of coronary artery 
disease in that report was aneurys- 
mal rather than obstructive. Our pa- 
tient had obstructive disease without 
aneurysmal dilatation, and the coro- 
nary artery disease did not occur at 
an early age. Thus, the spectrum of 
the coronary artery disease in pa- 
tients with cerebrotendinous xantho- 
matosis is unknown. Whether pa- 
tients with cerebrotendinous xantho- 
matosis have a higher incidence of 
macroreentrant VT deserves further 
investigation. 
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he progressive occlusion of aorto- 
coronary bypass grafts over time 
is. an important clinical problem. 
Studies have demonstrated closure 
rates of approximately 3% at 1 
month! and 11 to 14% at 1 year.?3 
Closure rates as high as 40 to 50% at 
10 years are reported.+> Thrombosis 
seems to be the major cause of occlu- 
sion in the early postoperative peri- 
od.6-8 Late graft occlusions are 
thought to be due to atherosclerotic 
lesions with or without associated 
thrombus. The use of percutaneous 
angioplasty in stenotic aortocoronary 
bypass grafts may be successful but 
is of limited use in grafts with com- 
plete occlusions. Success rates are 
lower and the risk of distal emboliza- 
-tion is present. Therefore, mechani- 
-cal recanalization using balloon angi- 
oplasty has been avoided in these pa- 
tients.? 

We have previously reported the 
successful recanalization of chroni- 
cally occluded aortocoronary bypass 
grafts using a prolonged, direct infu- 
sion of urokinase.!°1! Our clinical ex- 
perience was favorable and not asso- 
ciated with clinically important distal 
embolization. We now report 3 cases 
of thrombolytic recanalization of oc- 
cluded aortocoronary bypass grafts 
complicated by acute myocardial in- 
farction, and strongly suggest that 
the need for continued urokinase in- 
fusion is critical in the treatment of 
this potential complication. 

‘The clinical data of these 3 pa- 
tients are listed in Table I. All pa- 
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tients had undergone end-to-side sa- 
phenous vein graft surgery 4 to 9 
years earlier and presented with 
symptoms of ischemia. The electro- 
cardiogram suggested that the re- 
gion of the heart that was ischemic 
was inferior in cases 1 and 2 and 
anterior in case 3. Patients under- 
went cardiac catheterization. Ven- 
triculography showed hypokinesis in 
the ischemic regions in all cases. In 
cases I and 2, the right coronary ar- 
tery was totally occluded as was the 
saphenous vein graft to that artery 
(Figures 1 and 2). In case 3, the left 
anterior descending artery and the 
saphenous vein graft to it were total- 
ly occluded. Recanalization was at- 
tempted as previously described.!.!! 
In all cases, a catheter was placed in 
the origin of the saphenous vein graft 
and an SOS wire was placed into the 
origin of the graft but could not be 
advanced into the graft. Urokinase 
was administered at rates of 50,000 
to 60,000 Ujhr concurrently through 





FIGURE 1. Case 1. Right coronary bypass graft before ( 
thrombolytic therapy with residual thrombus. 
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the guiding catheter and infusion 
wire. In all cases, chest pain occurred 
6 to 8 hours after the initiation of the 
urokinase infusion. This was associ- 
ated with ST elevation in the inferic 
leads in cases 1 and 2 and in th 
anterior leads in case 3. Repeat an, 
ography in all 3 cases revealed som 
clot lysis but significant residual s 
nosis. ES 

In case 1, the infusion was dis- 
continued and the patient went on to 
develop electrocardiographic, enz 
matic and thallium scan evidence 
an acute myocardial infarctioi 
cases 2 and 3, the infusion was con 
tinued despite chest pain and ST ele- 
vation, which were treated by intre 
venous nitroglycerin, B blockers ai ; 
analgesics. In both cases 2 and 3, 
continued infusion of urokinase for 
12 and 19 hours, respectively, re- 
sulted in wide patency and excellent 
flow through the graft (Figures 2 
and 3). In case 2, no residual lesion 
was noted whereas in case 3, a steno- 
sis in the native vessel just distal to 
the anastomosis was successfully di- 
lated. In cases 2 and 3, there was 
no electrocardiographic or thallium 
scan evidence of acute myocardial 
infarction while there was a moder- 
ate increase in creatine phospho- 
kinase. 

The closure of saphenous vein 
grafts is a major limitation of aorto- 
coronary bypass surgery. The mech- 
anism of this closure is thought to be 





) and after (B) 








TABLE I Pertinent Findings in the Three Men 




















Hours of Peak CPK 
Infusion Urokinase New During Post- 
Age Years Presenting Graft at Symotom Continued Q-Wave Treatment Treatment 
Pt (yrs) After ACB Symptoms Treated Onset (Duration) Mi (U /liter) Ti Scan 
1 62 7 Non-Q- Right 6 0 + 1,062 Fixed 
wave MI inferior 
defect 
2 62 9 Unstable Right 6 + 0 487 Normal 
angina (12 hrs) 
3 48 4 Exertional LAD 8 + 0 410 Normal 
angina (19 hrs) 








FIGURE 2. Case 2. Right coronary bypass graft before (A), (B) (O therapy. Arrows show residual 
thrombus, which is eventually lysed. 





FIGURE 3. Case 3. Left anterior 
descending bypass graft before 
(A) and after (B) thrombolytic 
therapy. 
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fibrosis, atherosclerosis and throm- 
bus formation.+78.!213 We have pre- 
usly shown that long-term, low 
dose, direct urokinase infusion can 
successfully recanalize occluded sa- 
phenous vein bypass grafts.!0!! This 
supports thrombus as a major factor 
in the pathophysiology of vein graft 
occlusion. Initially, we felt that the 
risk of distal embolization would be 
less if thrombus were lysed before 
coronary angioplasty. While this 
may still be true, these cases suggest 
_ that there is a risk of myocardial in- 
farction when lysis occurs, and this is 
independent of intragraft manipula- 
tion. Angiographic demonstration of 
macroemboli was not seen in these 
patients. Microemboli of small frag- 
ments of clot when lysis occurs and 
anterograde flow resumes may be the 
most likely mechanism of infarction 
“in these cases. In support of this, the 2 
patients in whom urokinase was con- 
tinued had good clinical outcomes 
with no evidence of transmural in- 
farction. The patient in whom uroki- 
nase was stopped went on to develop 
a-Q-wave myocardial infarction with 
associated wall motion abnormali- 
ties. Perhaps continued urokinase in- 
sion caused lysis of the microem- 
boli, accounting for these results. The 
alternative of a direct toxic effect of 
-= urokinase is not likely in light of pre- 
vious experience.!0.!! 





In conclusion, there is risk of 
acute myocardial infarction when at- 
tempting to recanalize an occluded 
saphenous vein bypass graft with 
prolonged urokinase infusions. This 
risk is not due to mechanical dis- 
lodgement of debris but may relate to 
incomplete lysis at a time when an- 
terograde flow is being established, 
perhaps setting the stage for mi- 
croembolization. However, unless 
other contraindications arise, contin- 
uation of therapy in this setting may 
be helpful in further lysing the embo- 
li and preventing transmural myo- 
cardial necrosis. While it is our early 
impression that this complication is 
not common, further investigation is 
needed to understand fully the risks 
and benefits of this therapy. 
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lenosine and adenosine triphos- 

A phate are investigational agents 

r the treatment of supraventricular 

tachycardia (SVT) in infants and 

children.'? We present a case of an 

nfant with sustained, life-threaten- 

ing SVT where the approach to man- 

agement was altered by the use of 
adenosine. 


m the Pediatric Heart Institute, St. Chris- 


989 an accepto June 10. 


An 8-day-old infant was trans- 
ferred to our institution for evalua- 
tion of tachycardia. Pregnancy, la- 
bor and delivery were unremarkable. 
The infant was well until 24 hours 
before admission when he was noted 
to be irritable, pale and tachypneic. 
He was brought to a local hospital 
where a narrow complex tachycar- 
dia at a rate of 300 beats/min was 
noted. Vagal maneuvers were not 
successful in terminating the tachy- 
cardia and cardioversion was per- 
formed, converting the rhythm to a 
normal sinus rhythm. An arterial 


blood gas analysis revealed a severe 
metabolic acidosis. The patient re- 
ceived sodium bicarbonate and in- 
travenous digoxin. Physical exami- 
nation on arrival at our institution 
showed an infant in moderate dis- 
tress. He had a regular rhythm at a 
rate of 150 beats/min with normal S; 
and S and no murmurs. An inter- 
mittent S; gallop was heard. The liv- 
er was palpable 4 cm below the right 
costal margin. A 12-lead electrocar- 
diogram revealed a sinus tachycar- 
dia and there was no evidence of 
preeexcitation. Cardiomegaly and 
pulmonary edema were present on 
chest x-ray and 2-dimensional echo- 
cardiography showed normal intra- 
cardiac anatomy. The right and left 
ventricles were both dilated and the 
Shortening fraction was 21%. SVT 
soon recurred at 300 beats/min and: — 





_ CASE REPORTS | 


was associated with severe hypoten- 
sion. Cardioversion with 20 J was 
necessary for conversion to sinus 
rhythm. Informed consent was ob- 
tained for the use of intravenous 
adenosine (Sigma Chemical). Aden- 
osine was given beginning at a dose 
of 50 ug/kg and increasing at 50 ug/ 
kg increments until the SVT termi- 
nated. An intravenous loading dose 
of digoxin at a dosage of 40 pg/kg 
was begun over 24 hours. In the next 
36 hours, the infant had 6 episodes 
of SVT, all associated with severe 
hypotension. All episodes terminat- 
ed within 30 seconds of the adminis- 
tration of 100 to 150 ywg/kg adeno- 
sine. The patient’s hemodynamic 
status improved rapidly and an 
echocardiogram on the sixth hospi- 
tal day showed a normal shortening 
fraction. Digoxin alone was success- 
ful in controlling the tachycardia 


and the infant was discharged on the 
eighth hospital day. 

The effects of adenosine and 
adenosine triphosphate on the sinus 
and atrioventricular (AV) nodes 
were first described in 1929.3 The 
clinical effectiveness of these drugs in 
terminating SVT in adults has been 
well proven since 1955.4 Recent in- 
vestigators have suggested that aden- 
osine may be the drug of choice for 
the treatment of acute SVT in in- 
fants and children.' Advantages in- 
clude its clinical efficacy, short half- 
life and lack of harmful side effects. 
This infant had rapid SVT with seri- 
ous hemodynamic compromise. Tra- 
ditional management of the patient 
with SVT and hemodynamic com- 
promise requires direct current car- 
dioversion. Repeat cardioversion 
with 20 J in an infant can have dam- 
aging effects on the myocardium. 





The use of other intravenous drugs to 
control this SVT were relatively con- — 
traindicated because of their nega- 
tive inotropic effects. These drugs 
were avoided by repeat administra- 
tion of adenosine during digoxin 
loading. In fact, digoxin was the only 
drug necessary once therapeutic lev- 
els were achieved. 

Adenosine was also useful for di- 
agnostic purposes. An SVT with a 
rate of 300 beats/min in an infant 
could represent atrial flutter with 1:1 
conduction as well as reentrant , 
rhythms using the AV node. Adeno- 
sine causes temporary block at the 
AV node and therefore, if a tachycar- 
dia is terminated, the AV node is part 
of the reentrant circuit. Atrial flutter 
will not terminate with adenosine, 
but rather would be associated with 
transient ventricular slowing due to 
the temporary block at the AV node. 
With a transesophageal lead it was 
seen that adenosine terminated the 
tachycardia by blocking the AV 
node, thus excluding atrial flutter.as =. 
a mechanism for this arrhythmia: 
(Figure 1). The mechanism of the 
tachycardia was probably a con- 
cealed bypass tract. 

This case demonstrates that 
adenosine can alter the short-term 
approach to SVT in infants and may 
modify the long-term therapeutic ap- 
proach. Repeated use of adenosine to 
terminate recurrent SVT is useful: 
while therapeutic serum and myo- | 
cardial digoxin levels are being 
achieved. 
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FIGURE 1. Standard electrocardiographic and transesophageal recording from an in- 
fant with supraventricular tachycardia. Accurate determination of the mechanism of 
the arrhythmia is difficult from the surface leads. Atrial activity can be seen in the 
esophageal lead. Thirty seconds after the administration of adenosine the tachycardia 
terminates after an atrial deflection by blocking at the AV node. This is followed by 
resumption of normal sinus rhythm after a 490 ms pause. A blocked premature atrial 
contraction is present after the fourth sinus beat. a = atrial activity; eso = esophageal 
electrogram; v = ventricular activity. 
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‘Operative Correction of Subcarinal Left 
ulmonary Artery Originating from the 
Right Pulmonary Artery 


-Robert N. Vincent, MD, CM, George Armstrong, MD, 
Maryanne L. Dokler, MD, and Wilis H. Wiliams, MD 


p ulmonary artery sling is a rare 
vascular anomaly in which the 
left pulmonary artery arises anoma- 
lously from the right pulmonary ar- 
tery, passes over the right main stem 
bronchus and courses between the 
trachea and the esophagus to reach 
the left lung. 

o Since its first description in 1897 
by Glaevecke and Doehle,' there 
have been >100 reports of this anom- 


: aly in infants, children and adults.23 


Recently we observed a patient with 
the clinical finding of upper airway 
obstruction who was found to have 
an unusual pulmonary artery sling 
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where the left pulmonary artery 
passed around the left main stem 
bronchus only, following a subcarinal 
course. 

A 14-month-old boy was referred 
because of upper airway obstruction 
and pulmonary artery sling. Signifi- 
cant past history included a high im- 
perforate anus for which a sigmoid 
colostomy and mucous fistula were 
created at 2 days of age, after which 
the child was weaned from the venti- 
lator without difficulty. From early 
infancy the child was described as 
being stridorous. At 8 months of age 
he was admitted for a Pena-DeVries 
posterior sagittal anoplasty and re- 
pair of an umbilical hernia. The op- 
erations were accomplished without 
complications but reintubation was 
required on the first postoperative 
day because of airway obstruction 
and excessive secretions. At 11 
months of age, bleeding from the co- 
lostomy forced hospitalization and 
eventual colostomy closure. Evalua- 
tion at this time included a barium 
swallow test and sweat chloride test. 








Results of both were normal. An 
electrocardiogram showed right ven- 
tricular hypertrophy. A 2-dimen- 
sional echocardiogram showed no . 
intracardiac abnormality but did 
show right ventricular hypertrophy 
and abnormal right ventricular sys- 
tolic time intervals consistent with 
mild pulmonary artery hyperten- 
sion. A chest computerized tomogra- 
phy scan with contrast was normal to 
the level of the carina but was sug- 
gestive of an aberrant vascular 
structure passing between the left 
main stem bronchus and the esopha- 
gus. Cardiac catheterization and an- 
giography demonstrated mild pul- 
monary artery hypertension (41/23 
mm Hg, mean 31) and anomalous 
origin of the left pulmonary artery 
from the right pulmonary artery. 
The anomalous left pulmonary ar- 
tery arose below the carina and 
passed behind the left main stem 
bronchus, encircling it, resulting in a 
vascular sling around the left main 
stem bronchus (Figure 1). 
Immediately before thoracoto- 
my, bronchoscopy via a 4-mm rigid : 


Storz fiberoptic bronchoscope dem- — 


onstrated a normal upper airway to ` 
the level of the carina. At the carina 
the trachea was compressed in the 
anterior-posterior aspect with an el- 
liptical orifice of the right mainstem 
bronchus in the horizontal plane, 





BURE 1. A, pulmonary arteriogram (15° right axial oblique and 35° cranial-caudal angulation) demonstrating the left 
i artery forming a “sling” around the left main stem bronchus. B, diagrammatic representation of the angiogram 


ating the relation of the LPA and LMB. LMB = left main stem bronchus; LPA = left pulmonary 
y artery; PV = pulmonary valve; RMB = right main stem bronchus; RPA = right pulmonary artery. 
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orific ice ordinarily seen in the pres- 
ence of a dassie pulmonary arterial 
. sling. The left main stem bronchus 
-was too small to allow passage of the 
4-mm_ bronchoscope. The broncho- 
scope was left in the lower trachea to 
‘serve as a rigid airway during subse- 
` quent dissection around the trachea. 
Through a left thoracotomy, the 
left pulmonary artery was visual- 
ized, mobilized, and found to arise 
anomalously from the right pulmo- 
nary artery, passing beneath the ca- 
rina around and behind the left main 
stem bronchus until it was free in the 
left hemithorax. The ligamentum 
arteriosum was doubly ligated and 
divided. The left pulmonary artery 
was divided at its origin from the 
right pulmonary artery, brought an- 
terior to the left main stem bronchus, 
and was anastomosed to the left side 
of the main pulmonary artery using 
continuous 6-0 absorbable poly- 
dioxanone suture to facilitate 
growth of the anastomosis. The left 
main stem bronchus was soft and 
floppy, having the characteristics of 
bronchomalacia. The child was dis- 
charged home on the eighteenth 
postoperative day without respira- 
tory medications. Six months after 
surgery he is doing well, but still has 
mild reactive airway disease. Two- 
dimensional echocardiography with 


color-flow Doppler continues to” 


demonstrate patency of the left pul- 
monary artery. 

Anomalous origin of the left pul- 
monary artery from the right pulmo- 
nary artery, causing compression of 
the right main stem bronchus and 
trachea, is a well-recognized cause of 
stridor and respiratory difficulty in 
infancy. This is the only vascular 
anomaly in which the aberrant vessel 
passes between the trachea and the 
esophagus. It can be diagnosed by a 
barium swallow test showing anterior 
indentation of the esophagus and 
posterior indentation of the trachea. 
However, the barium swallow test is 
not always diagnostic,* and pulmo- 
nary angiography may be needed to 
establish the diagnosis. Although 2- 
dimensional echocardiography°> and 
magnetic resonance imaging’ have 
been used to diagnose pulmonary ar- 
tery sling, the sensitivity of these 
techniques for this lesion has not 
been established. 

This patient had a variation of 
pulmonary artery sling that to our 
knowledge has not previously been 
described. Neither barium swallow 
nor bronchoscopic findings were 
characteristic of a classic pulmonary 
artery sling. A computerized tomog- 
raphy scan suggested the abnormali- 
ty but failed to demonstrate the aber- 
rant vessel as the left pulmonary ar- 










have symptoms of persistent ai 
obstruction could have this lesion and 
remain undiagnosed if pulmonary a! 
teriography is not performed. It is» 
equally possible that this anatomic 
anomaly may be present in asymp- 
tomatic children and adults. On the = 
basis of this case, however, we recom- 
mend that any child having signif- 
icant symptoms of upper airway 
obstruction or excessive mucus secre- | 
tion undergo pulmonary arteriogra- > 
phy to rule out this vascular anomaly 
if other tests fail to disclose a cause 
for the upper airway obstruction. Be 
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therapy will never be the same. 


Since it's a sensor-controlled DDDR 
pacemaker, Synchrony assures both 
AV synchrony and rate-modulation dur- 
ing all levels of physical activity. 


Synchrony is based on proven DDD 
and activity-sensing technology that's 
been used in tens of thousands of 
patients. 


Synchrony. Adding life to years for your 
patients. 





Gary teaches junior high school biol- 
ogy. In his spare time he plays a strong 
game of basketball. 


But three years ago, after contracting 
a virus that led to myocarditis, sick 
sinus syndrome and heart block, 

he received a conventional dual- 
chamber pacemaker. 


“It was an improvement.” says Gary, 
“but | still got easily fatigued.” 
So Gary's physician, Dr. Roy Jutzy, 
selected him to receive the first rate- 
modulated Synchrony in the United 
States. 
As Dr. Jutzy notes, “It's a significant 
leap in pacing technology...and the 
Closest design that returns you to what 
you started out with.” 


Three weeks later, Gary said... 


“Thanks to Synchrony, | can do just 


about anything | please, including 
playing full-court basketball.” 





Deborah is a 33-year-old mother and 
an executive with a real estate 
development company. 


About two years ago, she developed 
sinus bradycardia and second-degree 
heart block. 

“| had to give up aerobics,” she says. 

“Even worse, it limited an active life with 
my 6-year-old daughter.” 
Then Deborah received a Synchrony. 
Now she says, ‘| do high-impact aero- 
bics four times a week. But more 
important are all the things | can do 
with my family. 

“Synchrony gave me my life back.” 





Charles is an 80-year-old retired den- 
tist, yet very active. 


Thanks to Synchrony. 


Following a myocardial infarction, he 
developed sick sinus syndrome and 
trifascicular block. Recognizing the 
need for a pacemaker that could keep 
up with his active lifestyle, his physi- 
cian implanted a Synchrony. 

And now Charles says, “l'm living life 
to its fullest. | lift weights, exercise on a 
stationary cycle, use a trampoline, 
trapshoot, and have completed a 23- 
day trip fishing for wahoo and tuna 
between Baja and Panama with no 
physical problems.” 
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“Spadina arterial fistula is a rare 
congenital anomaly occurring in 
2.7/1,000 congenital cardiac malfor- 
mations and 1/500 coronary artery 
angiograms.' The cross-sectional 
echocardiographic and pulsed Dopp- 
ler echocardiographic features of 
coronary arterial fistula have been 
well described.!-8 The color-coded 
Doppler echocardiographic features 
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FIGURE 1. Parasternal short-axis views. A and B are from ca 
lated (arrow in A) while the left anterior descending artery wa: 
gesting turbulent flow were present at the ostium of the left coronary artery 





Evaluation of Coronary Arterial Fistula by 
Color-Coded Doppler Echocardiography 


Kai-chiu Lau, MBBS, DCH, FRCP, and Yin-ming Ng, MBBS, MRCP 


have rarely been detailed.9!° We re- 
port the color-coded Doppler fea- 
tures of 3 cases of coronary arterial 
fistula. Color-coded Doppler echo- 
cardiography enabled a complete 
evaluation of coronary arterial fistula 
that otherwise might not be possible 
with conventional ultrasound tech- 
niques. 

Two girls, aged 9 and 11 years, 
and a boy, aged 5 years (cases 1, 2 
and 3, respectively), with continuous 
murmurs over the mid-left sternal 
edge were studied by color-coded 
Doppler echocardiography. An 
Aloka SSD-860 system and 2.5- and 
3.5-MHz electronic sector scanner 





heads were used. This system coded 
blood flow velocity and direction in 
colors and instantaneously superim- 
posed this information in real time 
over a standard cross-sectional 
echocardiographic display. Blood 
flow toward the transducer was cod- 
ed in red while flow away from the 
transducer was in blue. Turbulent 
flow was coded by green or orange, 
or as a mosaic pattern of various 
colors due to simultaneous flow in 
different directions. 

A cross-sectional, echocardio- 
graphic parasternal short-axis view 
showed that the left coronary artery 
in cases 1 and 2 and the right coro- 
nary artery in case 3 were dilated 
(Figure 1A and C). On the color flow 
mapping study, orange and blue mo- 
saic signals were demonstrated in 
the dilated coronary arteries (Figure 
1B and D) compatible with high ve- 
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CASE REPORTS 


locity, turbulent intracoronary flow. 
A fistula could be imaged to course 
posteriorly and became aneurysmal- 
ly dilated at the posteriosuperior as- 
pect of the right atrium in cases 1 
and 2 (Figure 2A). In case 3 the fis- 
tula coursed anteriorly and to the 
right to connect to the right atrium 


adjacent to the septum (Figure 2C). 
Color-coded Doppler study demon- 
strated flow signals within the fistu- 
la and helped to identify the course. 

On the parasternal and subcostal 
4-chamber views, an echolucent sac- 
cular structure could be imaged at 
the superior aspect of the right atri- 





FIGURE 2. Four-chamber echocardiographic views demonstrate the drainage 
sites in case 1 (A and B) and case 3 (C). In case 1 the fistula (CAVF) could be im- 
aged by cross-sectional echocardiography (A) and it became aneurysmally dilated 
(AN) posterior to the right atrium (RA). On color flow mapping (B) mosaic orange 
and blue signals were present in the fistula and the aneurysm. During real-time 
imaging a jet of orange and blue mosaic signals passed from the aneurysm into 
the RA via a communication (arrow). In case 3 (C) the fistula is represented by an 
echolucent structure at the atrial septum (arrow). A flow jet, represented by or- 
ange and green mosaic signals, passed from the fistula into the right atrium and 
subsequently into the right ventricle (RV). LA = left atrium; LV = left ventricle. 
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um in cases 1 and 2 (Figure 2A), and 
near the atrial septum in case 3 (Fig- 
ure 2C). The color-coded Doppler 
study showed normal flow patterns 
in other cardiac chambers but mosa- 
ic signals suggestive of turbulence 
were present in the right atrium of 
all 3 cases. A high velocity jet was 
imaged to pass from the saccular 
structure into the right atrium (Fig- 
ure 2B and C). This sign localized 
the site of entry of the fistula to the 
superolateral aspect of the right 
atrium in case 1, the superoposterior 
aspect in case 2 and near the atrial 
septum in case 3. The sites of fistula 
entry were subsequently confirmed 
by aortic root angiography. 
Dilatation of coronary arteries, 
commonly found in coronary arterial 
fistula and readily demonstrable by 
cross-sectional echocardiography,” 
occurs in other conditions such as 
Kawasaki’s disease and can be diffi- 
cult to distinguish. Likewise, aortic 
diastolic flow reversal, a well-docu- 
mented pulsed Doppler echocardio- 
graphic sign for coronary arterial fis- 
tula,3 is nonspecific and may be 
found in aortic insufficiency or rup- 
tured aneurysm of sinus of Valsava. 
A unidirectional, high velocity, con- 
tinuous intracoronary flow has been 
demonstrated in coronary arterial 
fistula with pulsed Doppler interro- 
gation. Although this flow is charac- 
teristic, it is difficult to demonstrate 
because the target coronary artery 
inevitably moves in and out of the 
pulsed Doppler sampling volume 
during each cardiac cycle. Miyatake 
et alt reported that abnormal coro- 
nary flow pattern could only be de- 
tectable when the artery was dilated 
to at least 1 cm in diameter. Our 
study showed that the intracoronary 
flow was readily demonstrable with 
color-coded echocardiography even 
in fistulas of $0.5 cm in diameter. 
Demonstration of this characteristic 
intracoronary flow also helps to dif- 
ferentiate coronary arterial fistulas 
from coronary dilatations due to Ka- 
wasaki’s disease in which the intra- 
coronary flow is sluggish. 
Identification of fistulous drain- 
age site is of vital importance for pre- 
operative planning. Contrast echo- 
cardiography may be more sensitive 
than arteriography>* but it requires 





invasive catheterization for the con- 
trast injection. Although combined 
cross-sectional and pulsed Doppler 
echocardiography has been used to 
identify the receiving chamber,”8 the 
exact point of fistulous entry into the 
cardiac chamber may be difficult to 
determine.?48 Our study showed 
that scanning the cardiac chambers 
segmentally and sequentially with 
color-coded echocardiography de- 
tected turbulence in the right atrium 
(the receiving chamber), and search- 
ing for high velocity flow jet identi- 
fied the fistula entry site in each of 
our 3 patients. Interestingly, the en- 
try site in our 3 cases was prompted 
by a saccular aneurysmal structure, 


which frequently occurs proximal to 
a fistulous entry into the cardiac 
chamber. 
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Use of Venous Contrast Echocardiography 
for Diagnosis of Cardiac Tamponade 


Alexander A. Stratienko, MD, Stewart G. Pollock, MD, 
Mark W. Keller, MD, and lan J. Sarembock, MD 


ee echocardiogra- 
phy is the imaging modality of 
choice for detecting pericardial effu- 
sion.' If right ventricular and right 
atrial collapse is clearly demon- 
strated, the diagnosis of cardiac tam- 
ponade can be made with relative 
certainty.” It may be difficult to iden- 
tify right-sided heart chamber col- 
lapse, however, if the image is of poor 
quality. Venous contrast echocardi- 
ography has been safely used in the 
diagnosis of intracardiac shunts and 
abnormal cardiac anatomy.34 In 
pericardial effusion, its use has been 
limited to confirming proper needle 
tip position during pericardiocen- 
tesis.*é To our knowledge venous 
contrast echocardiography has not 
been reported to facilitate the diag- 
nosis of cardiac tamponade. We re- 
port 2 cases where its use was helpful 
in diagnosing cardiac tamponade. 
CASE 1: A 65-year-old woman 
presented to another hospital with 2 
hours of continuous chest pain. Her 
electrocardiogram showed acute in- 
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Jerior current of injury, and she 
received an infusion of 100 mg of 
tissue plasminogen activator and as- 
pirin 325 mg. Despite early throm- 
bolytic therapy, inferior Q waves 
evolved and she had a significant rise 
in total creatine kinase. Due to per- 
sistent chest pain, she was trans- 
ferred to our hospital. Cardiac cath- 
eterization performed without com- 
plications on her third postinfarction 
day revealed inferior and posterolat- 
eral akinesis and total occlusion of 
the left circumflex coronary artery. 





FIGURE 1. Left, subxiphoid 4-chamber 2 


On her sixth postinfarct day she de- 
veloped slurred speech, and a diag- 
nosis of acute stroke was made. She 
was enrolled in an experimental pro- 
tocol using tissue plasminogen acti- 
vator for acute stroke and, 6 days 
after her first dose, she received a 
second 100-mg dose. Although her 
slurred speech improved transiently, 
she developed hypotension, tachy- 
cardia and jugular venous distension 
2 hours after the completion of the 
infusion. Emergency right-sided 
heart catheterization demonstrated 
elevation and equalization of her 
mean right atrial, right ventricular 
diastolic and pulmonary capillary 
wedge pressures associated with Sys- 
temic hypotension (systolic blood 
pressure 80 mm Hg). A diagnosis of 


the left (LV) and right ventricles. Right, the same view after injection of agitated 
renografin and saline through the Swan-Ganz catheter. A contrast effect (arrow) 
is seen in the collapsed right ventricle with definition of an anterior echo-free 
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CASE REPORTS 


cardiac tamponade was made in a 
patient with systemic fibrinolysis. A 
2-dimensional echocardiogram was 
performed from the subxiphoid win- 
dow to define the location of the 
pericardial fluid (Figure 1A). How- 
ever, due to poor image quality, no 
pericardial free space was seen. Inan 
attempt to enhance imaging of the 
right heart chambers, 10 cc of hand- 
agitated Renografin™ (Squibb Di- 
agnostics) and saline (ina 1 :1 ratio) 
was injected into the right atrium 
through the Swan-Ganz catheter 
during 2-dimensional echocardio- 
graphic imaging. The contrast cloud 
clearly defined a collapsed right ven- 
tricle and a large anterior free space 
consistent with pericardial fluid 
(Figure 1B). Subxiphoid pericardio- 
centesis was performed, and 200 cc 
of blood was aspirated from the 
pericardial space with prompt nor- 
malization of systemic arterial, right 
heart and pulmonary capillary 
wedge pressures. The patient had an 
uneventful cardiovascular recovery. 

CASE 2: A 60-year-old man with 
emphysema was transferred to our 
hospital with a 24-hour history of 
unexplained hypotension and pul- 
monary edema. Right-sided cathe- 
terization demonstrated elevated 


and equal mean right atrial, right 
ventricular diastolic and mean pul- 
monary capillary wedge pressures 
of 30 mm Hg. Chest radiograph 
showed hyperinflated lung fields 
and a normal sized, nonglobular 
cardiac silhouette. Two-dimensional 
echocardiography demonstrated cir- 
cumferential pericardial fluid, but 
right ventricular diastolic collapse 
could not be clearly seen. Six cc of 
hand-agitated saline was injected 
through a peripheral intravenous 
catheter during 2-dimensional echo- 
cardiographic imaging. A contrast 
cloud was seen in the right atrium 
and right ventricle, clearly demon- 
strating right ventricular diastolic 
collapse. The effusion was aspirated 
with prompt hemodynamic improve- 
ment. 

These 2 cases demonstrate the 
usefulness of venous contrast 2-di- 
mensional echocardiography in the 
diagnosis of cardiac tamponade. In 
case 1 the right ventricular free wall 
was compressed against the ventricu- 
lar septum, making the pericardial 
blood indistinguishable from the col- 
lapsed right ventricle. Injection of ve- 
nous contrast material into the right 
atrium clearly defined the collapsed 
right ventricle, the presence of a peri- 
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cardial free space and, thus, cardiac 
tamponade. Case 2 shows the feasi- 
bility of peripheral intravenous 
(rather than central) injection of agi- 
tated saline as the echocardiographic 
contrast agent to define right ventric- 
ular diastolic collapse. 

Thus, intravenous contrast 2- 
dimensional echocardiography is a 
simple and useful aid in the diagnosis 
of cardiac tamponade, particularly 
when the routine echocardiographic 
images are not definitive, as in pa- 
tients with emphysema or hemoperi- 
cardium. 
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Lipid-Lowering Therapy 
After an Atherosclerotic Event 


y , Jhen considering lipid-lowering therapy (diet + 
drug) for a patient who has had an atheroscle- 
rotic event, the following facts might be consid- 

ered: 

1. Whatever the levels of the serum (or plasma) total 
and low density lipoprotein (LDL) cholesterol in the pa- 
tient with an atherosclerotic event, they are too high for 
_ that particular patient. 

2. The greatest risk factor for a subsequent atheroscle- 

< Totic event is a previous atherosclerotic event. 

_ 3. The greatest danger period for a subsequent athero- 
sclerotic event is the first 6 months after the previous 
atherosclerotic event. 

4. The higher the serum total and LDL cholesterol 

_ levels, the greater the chance of a subsequent atheroscle- 
rotic event. 

5. Portions of atherosclerotic plaques disappear (“re- 
verse”) when the total and LDL-cholesterol levels are 

„lowered, and when portions of plaques disappear the arte- 

-tial lumens widen and blood flow to the organ supplied 
increases. 

< 6. The greater the percent drop in serum total and 
LDL-cholesterol levels, the greater the disappearance 
(reversibility) of portions of atherosclerotic plaques. 

7. Diet therapy alone (percent of calories from fat 
_ reduced from 40% to 30%) usually lowers the serum total 

and LDL-cholesterol levels only about 10%, and a reduc- 
tion of this magnitude probably causes little to no disap- 


' - pearance of portions of atherosclerotic plaques. 


8. Most persons having atherosclerotic events have 
serum total cholesterol levels from 200 to 240 mg/dl (5.2 
| to 6.2 mmol/liter) and LDL cholesterol levels from 130 
to 160 mg/dl (3.4 to 4.1 mmol/liter). 

: If the aforementioned 8 items are accepted as facts, is 
it appropriate to manage serum cholesterol levels in per- 
sons who have had atherosclerotic events in the same 

shion as these levels are managed in persons who have 

ot had atherosclerotic events? My answer is “no.” 

_ To better understand this answer it may be useful to 
summarize the therapeutic guidelines of the Adult Treat- 
ment Panel (29 members) of the National Cholesterol 
Education Program (slightly modified for simplicity), 
published in January 1988, for management of LDL- 
cholesterol levels in persons aged 20 to 74 years in the 
USA.! The Panel had 3 therapeutic recommendations: 

1. If the serum LDL cholesterol was 130 to <160 mg/ 
dl and if definite coronary artery disease or 2 other risk 
factors were present, a low-fat, low-cholesterol diet 

ould be prescribed. The “other risk factors” were male 

history of acute myocardial infarction or sudden 
ronary death before 55 years of age in a parent or 
ng, cigarette smoking (>10 cigarettes a day), system- 
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ic hypertension (not defined), se- 
rum high density lipoprotein cho- 
lesterol <35 mg/dl (<0.9 mmol/ 
liter), diabetes mellitus, history of 
cerebrovascular or peripheral arte- 
rial disease, and severe obesity 
(230% overweight). 
2. If the serum LDL cholester- 
ol was 160 to 190 mg/dl (4.1 to 4.9 
mmol/liter) in the absence of defi- 
nite evidence of coronary artery 
disease and without the presence 
of 2 other risk factors, diet therapy should be prescribed. 
3. If the LDL cholesterol was >190 mg/dl in the 
absence of definite evidence of coronary artery disease or 
2 other risk factors, a lipid-lowering diet should be started _ 
and if the goal of <190 mg/dl was not obtained by diet i 
6 months, then lipid-lowering drug therapy should b 
added. ae 
Thus, the therapeutic recommendations of the Na- 
tional Cholesterol Education Program! are based primar- 
ily on the serum LDL-cholesterol level and only secondar- 
ily on the presence of definite clinical evidence of coro- 
nary artery disease or other risk factors. The therapeutic 
recommendations are not greatly different for persons 
who have had definite coronary events (secondary pre- 
vention) and for those persons who have not (primary 
prevention). In my view, the occurrence of a coronary. 


event (myocardial infarction, nonfatal cardiac arrest, an- 


gina pectoris associated with angiographically confirmed 
coronary arterial narrowing, and positive exercise test in 
the absence of symptoms of myocardial ischemia but in 
the presence of angiographically confirmed coronary ar- 
terial narrowing) should take precedence over the se- 


rum LDL-cholesterol levels, and lipid-lowering therapy `: 


should be approached quite differently in the person who 
has had a coronary event compared to the person who ha 
not. 
Of persons residing in the USA who have not had an 
atherosclerotic event—and coronary events are by far the 
most common of them—-slightly less than 50% will have 
one eventually if our lipid-consuming habits are not al- 
tered. Furthermore, of persons who have had 1 athero- 
sclerotic event and survived, the chances are >90% that 
another atherosclerotic event will occur, and the chances 
also are >90% that the mode of death will be another 


atherosclerotic event. The major focus of management of 


a person who has had 1 atherosclerotic event is the pre- 
vention of a subsequent atherosclerotic event (secondary . 
prevention). ; 
The best deterrent to the occurrence of a subsequent 
atherosclerotic event is the lowering of the serum total =- 
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‘TABLE I Maximal Recommended Daily Doses of “Lipid- 
Lowering” Drugs Presently Available in the USA and Their 
Average Effects on Serum Lipids 


Effects on Serum Lipids! 


TC TG 


418% 
418% 
420% 
411% 


124% 
124% 
425% 
112% 


Colestipol 30 
Cholestyramine 24* 
Nicotinic acid git 
Gemfibrozil Lat 
Probucol it# 1000} J10% 410% 
Lovastatin 0.088 B05 {34% 142% 


* Each gram of regular Questran contains 0.44 g of cholestyramine, and each gram 
of antic light (nutrasweet) contains 0.86 g of cholestyramine. 

t'This dose also is the usual dose. 

+ This dose can be increased but side effects increase considerably. 

$ About 70% of the nearly 1.0 million persons in the USA now receiving lovastatin 
take only 20 mg a day (1 tablet). This is the only drug of the 6 that is a once-a-day 
medicine when taken in 20- or 40-mg dosage. 

These average values were obtained from several studies.2-!9 The averages as- 

sume that the study subjects are also on a lipid-lowering diet. 

HDL = high density lipoprotein; LDL = low density lipoprotein; TC = total cholester- 
ol; TG = triglyceride. 


30,000 

24,000 
3,0007# 
1,200" 


and LDL-cholesterol levels below the levels that were 
present at the time of the earlier atherosclerotic event. 
Even if the serum total cholesterol level was <200 mg/dl 
and the LDL cholesterol <130 mg/dl at the time of the 
first atherosclerotic event, these levels are too high for 
that patient. (Levels above these values are recognized to 
be too high for all persons irrespective of whether or not 
they have had atherosclerotic events.) Thus, irrespective 
of the actual serum total and LDL-cholesterol levels at 
the time of or preceding an atherosclerotic event, the 
levels should be lower. If serum total and LDL-cholester- 
ol levels are lowered, the chances of a subsequent athero- 
sclerotic event are lowered; the chances of dissolving 
(reversing) portions of atherosclerotic plaques and of in- 
creasing organ perfusion are increased; and, consequent- 
ly, the chances of longer survival are increased. 

Because the initiation of low-fat, low-cholesterol diet 
therapy usually causes only modest lowering of serum 
total and LDL-cholesterol levels; because the chances of, 
and extent of, plaque reversibility appears to be roughly 
proportional to the extent of the lowering of the serum 
total and LDL-cholesterol levels; because the chances of a 
subsequent atherosclerotic event decrease roughly pro- 
portional to the drop in serum total and LDL-cholesterol 
levels; and because the greatest danger of an atheroscle- 
rotic event is during the first 6-month period after a 
previous atherosclerotic event, maximal lowering of se- 
rum total and LDL-cholesterol levels should occur as 
soon as possible after an atherosclerotic event. Maximal 
lowering is not best achieved by a 6-month trial of diet 
therapy. It is best achieved by simultaneous initiation of 
both low-fat, low-cholesterol diet therapy and lipid-low- 
ering drug therapy as soon as possible after the athero- 
sclerotic event has occurred. The goal is maximal reduc- 
tion of both serum total and LDL cholesterol levels as 
soon as possible after the atherosclerotic event. 

The drug or drugs chosen should be those that have 
the greatest capacity to lower the serum total and LDL- 


cholesterol levels (Table 1). In persons who have not had 
atherosclerotic events, a 1% reduction in serum total cho- _ 
lesterol yields at least a 2% reduction in the frequency of 
fatal coronary artery disease or nonfatal acute myocardi- 
al infarction.23 There is no reason to believe that this 2 for 
1 principle is inapplicable to persons who have had ath- 
erosclerotic events. The combination of a 3-hydroxy-3- 
methyl glutaryl-coenzyme-A (HMG CoA) reductase in- 
hibitor (e.g., lovastatin) and a bile-acid sequestrant (e.g; 
cholestyramine, colestipol) have the capability of lower- 
ing the serum LDL cholesterol by 50%,* and theoretically 
this degree of reduction before an atherosclerotic event 
could eliminate the possibility of an atherosclerotic event. 
For those persons who have had an atherosclerotic event, 
it is reasonable to believe that a 50% reduction in serum 
LDL cholesterol would substantially decrease the 
chances of a subsequent atherosclerotic event. 
Opponents of the viewpoint that simultaneous lipid- 
lowering diet and drug therapy should be initiated soon 
after an atherosclerotic event irrespective of the actual 
serum total and LDL-cholesterol levels (assuming that 
secondary causes of hypercholesterolemia have been 
ruled out and that there are no contraindications to drug 
therapy) might argue that lipid-lowering drugs are ex- 
pensive and that they have real or potential toxic effects. 
Yes, these drugs are expensive, but coronary artery dis- 
ease is an expensive disease. It occurs because most of us 
eat expensive foods. Coronary angioplasty is an expensive 
procedure (each about $10,000) and about 200,000 were 
performed in the USA in 1988. Coronary bypass is an 
even more expensive procedure (each about $30,000) and 
about 250,000 of these operations were performed in the 
USA in 1988. Thirty percent of persons undergoing coro- 
nary angioplasty have restenosis at the angioplasty site 
within 6 months after the procedure. Although coronary 
bypass has proved to be highly beneficial, about 25% of 
persons having it increase both their serum cholesterol 


levels and their body weight during the first year after the : , : 
procedure and both of these occurrences increase the. 


chances of another atherosclerotic event. cP ge 
In the USA an estimated 5.5 to 7.5 million persons 
have symptomatic myocardial ischemia, and, therefore, 
the lipid-lowering drug cost potentially could be very ` 
expensive. If 5.5 million Americans with symptomatic 
myocardial ischemia each were treated with a single 20- 
mg tablet of lovastatin daily, then the total cost would be 
$2.75 billion a year ($1.50/tablet and $550/person/ 
vear). For this cost the average reduction in serum total 
cholesterol would be 17%, in LDL cholesterol 20% and in 
serum triglycerides 20%, and the serum high density lipo- 
protein cholesterol would increase about 7%. A serum 
total cholesterol reduction of 17% should yield a sizable 
reduction in the frequency of subsequent coronary events 
In contrast, the cost of performing 250,000 coronary by: 
passes each year presently is about $7.5 billion (nearly 3 
times as much), and the cost of performing 200,000 coro- 
nary angioplasties each year presently is about $2.0 bil 
lion, The impact of treating several million persons who 
have had a coronary event with lipid-lowering drugs (+ 





lipid-lowering diet) might have an enormous impact on 
the nation’s health. l 
_ Although 4 of the 6 drugs presently available (Table 
I) in the USA to lower the serum total and LDL-choles- 
terol levels do cause an alteration in hepatic enzymes in 1 
to 2% of recipients, these alterations are completely re- 
versible when the drug is discontinued, and these hepatic 
enzyme alterations may not occur on another trial of the 
same drug. Rhabdomyolysis occurs in about 1 in 5,000 
_ persons who receive lovastatin and are not concomitantly 
receiving cyclosporine. The operative procedures (angio- 
plasty and bypass) designed to increase myocardial blood 
flow also, of course, have their “toxic” effects including 
death. The greatest danger for a person who has had a 
_ coronary event, however, is not a toxic effect from a drug 
or a complication of a coronary procedure or operation, it 
is the occurrence of another coronary event. The preven- 
of another coronary event should be the major thrust 
therapy for those who have had an earlier event. 
< In my view, virtually all persons who have had coro- 
nary events would benefit from combined diet and drug 
_ lipid-lowering therapy including persons who have had 
< @oronary angioplasty and bypass procedures. Several 
studies are now in progress to definitely answer the ques- 
tion of the usefulness of lipid-lowering drugs in persons 
who have had coronary events. Enough data already are 
__ available, however, to support the view to increase the use 
-of lipid-lowering drugs irrespective of serum total and 
LDL-cholesterol levels in patients who have had athero- 
sclerotic events. 


KAN 


William C. Roberts, MD 
Editor in Chief 
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Standard Electrocardiographic 
Extremity Leads 

Sevilla et al! discover that “use of body 
torso positions for limb leads results in 
substantial QRS waveform variations 
that disqualify the exercise lead place- 
ment electrocardiogram as a ‘standard’ 
recording.” Says Santayana,’ “Progress, 
far from consisting in change, depends on 
retentiveness ... those who cannot re- 
member the past are condemned to fulfill 
it.” 
And so it is that Wilson reported nearly 
60 years ago that the “potential differ- 
ences in the immediate neighborhood of 
the heart are of much greater magnitude 
than those at a distance from it.”? Wilson, 
by his simple study of the P vector in atrio- 
ventricular nodal rhythm, learned that the 
potential difference at the center of Ein- 
thoven’s triangle could not be treated as a 
vector that simply projects its force upon 
the axis of the lead recorded regardless of 
the position of the electrodes.’ 

The standard extremity leads are bipo- 
lar indirect leads in which a potential 
force of significant magnitude in one ex- 
tremity is compared to that in another. 
The electrode can be placed anywhere on 
the extremity, and all points will register 
the same potential force so long as the 
electrode is below the shoulders for the 
arm and below the inguinal and gluteal 
folds in the legs. If the electrodes are 
` placed upon the trunk, much difference is 
produced? 

Call the leads as you will but do not be 
fooled by the masquerade of standard ex- 
tremity leads by torso-positioned “limb 
labeled” electrodes. 

Jacob Zatuchni, mp 
Philadelphia, Pennsylvania 
9 January 1989 
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REPLY: We appreciate Zatuchni’s com- 
ments, and we simply concur with what he 
says. As illustrated in our article, we have 
documented the qualitative and quantita- 
tive differences in the diagnosis of myo- 
cardial infarction between the 2 sets of 
electrocardiograms. We wish to caution 
clinicians to exercise care when labeling 
any 12-lead electrocardiogram as stan- 
dard. 
Dorina C. Sevilla, mD 
Galen S. Wagner, mD 
Durham, North Carolina 
3 February 1989 


Cardiac Denervation and Long 
QT interval 


We read the report of Till et al’ docu- 
menting the failure of apparent total de- 
nervation of the heart to shorten the QT 
interval or improve their patients’ ventric- 
ular tachycardia. We would like to sup- 
port the authors’ conclusions that the role 
of the sympathetic nervous system is more 
complex than is generally appreciated. As 
they note, the response of patients with 
long QT to left stellectomy is not predict- 
able; some patients are rendered worse by 
this procedure.? Further, QT changes ob- 
served after left stellate ganglion block 
are not consistent.’ 

Recent anatomic-physiologic investiga- 
tions in dogs and primates suggest a high- 
ly complex anatomic and functional orga- 
nization of the intrathoracic autonomic 
nervous system.’ In view of this, the varied 
response to stellate block does not seem so 
surprising. ‘ 

First, left and right sympathetic effer- 
ent postganglionic neurons innervate both 
sides of the heart.> This would render un- 
tenable the concept of left sympathetic 
predominance in cardiac innervation. 
Furthermore, these cardiac sympathetic 
efferent neurons originate in the superior 
cervical, middle cervical, stellate and me- 
diastinal ganglia in mammals, including 
nonhuman primates.’ Because of the 
widespread distribution of sympathetic 
efferent neurons innervating the heart, it 
is unlikely that unilateral stellate ganglion 
blockade or excision would produce spe- 
cific effects with respect to cardiac regu- 
lation. 

Second, functional studies of cardiac 
sympathetic nerves also reveal complex- 
ities. It has been shown in dogs that elec- 
trical stimulation of right- as well as left- 
sided sympathetic ganglia can induce 
ventricular tachycardia or even fibrilla- 
tion,67 although right-sided stimulation 
produces arrhythmias less frequently. The 
relative lack of response with right-sided 
stimulation is probably due to the induc- 
tion of atrial tachycardia overriding pace- 
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maker activity in the ventricles (unpub- 
lished results). With respect to QT. i 
terval regulation, stimulation of intratho- 
racic efferent sympathetic neurons does 
not prolong the QT interval in paced 
hearts, but rather the QT interval is un- 
changed or shortened (unpublished re- 
sults). 

Thus, it seems reasonable that the sym- 
pathetic nervous system may play a role in 
producing ventricular arrhythmias as 
pointed out by Till et al, but there are 
indications that other factors may be im- 
portant in long QT. Myocardial abnor- 
malities may play a role. Case reports of 
conduction abnormalities in patients with 
long QT® suggest that conduction tissue 
may be abnormal in such patients. Re- 
cently, theoretic arguments have also 
been proposed for a cellular basis for the 
long QT syndrome.® 

We concur with the authors’ conclusion 
that “the sympathetic imbalance theory 
(of long QT) must be questioned” and 
other alternative factors investigated. 

John P. Finley, mp 

J.A. Armour, Mo 

Halifax, Nova Scotia, Canada 
25 January 1989 
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BRIEF SUMMARY (FOR FULL PRESCRIBING INFORMATION, SEE PACKAGE CIRCULAR.) 
INDERAL?® LA brand of propranolol hydrochloride (Long Acting Capsules) 


ION. INDERAL LA is formulated to provide a sustained release of propranolol 
hydrochloride. INDERAL LA is available as 60 mg, 80 mg, 120 mg, and 160 mg capsules 


CLINICAL PHARMACOLOGY. |NDERAL is a nonselective, beta-adrenergic receptor- 
blocking agent possessing no other autonomic nervous system activity. It specifically com- 
petes with beta-adrenergic receptor-stimulating agents for available receptor sites When 
access to beta-receptor sites is blocked by INDERAL, the chronotropic, inotropic, and vaso- 
dilator responses to beta-adrenergic stimulation are decreased proportionately. 

INDERAL LA Capsules (60, 80, 120, and 160 mg) release propranolol HCl ata controlled and 
predictable rate. Peak blood levels following dosing with INDERAL LA occur at about 6 hours 
and the apparent plasma half-life is about 10 hours. When measured at steady state over a 
24-hour period the areas under the propranolol plasma concentration-time curve (AUCs) for 
the (ery are approximately 60% to 65% of the AUCs for a comparable divided daily dose 
of INDERAL Tablets. The lower AUCs for the capsules are due to greater hepatic metabolism of 

ropranolol, resulting from the slower rate of absorption of propranolol. Over a twenty-four (24) 
hour period, blood levels are fairly constant for about twelve (12) hours then decline exponen- 
jally. 

INDERAL LA should not be considered a simple mg-for-mg substitute for conventional 
propranolol and the blood levels achieved do not match (are lower than) those of two to four 
times daily dosing with the same dose. When changing to INDERAL LA from conventional 
propranolol, a possible need for retitration upwards should be considered especially to main- 
tain effectiveness at the end of the dosing interval. In most clinical settings, however, such as 
hypertension or angina where there is little correlation between plasma levels and clinical 
effect, INDERAL LA has been therapeutically equivalent to the same mg dose of conventional 
INDERAL as assessed by 24-hour effects on blood pressure and on 24-hour exercise re- 
sponses of heart rate, systolic pressure, and rate pressure product. INDERAL LA can provide 
effective beta blockade for a 24-hour period. 


INDICATIONS AND USAGE. tension: INDERAL LA is indicated in the manage- 
ment of hypertension; it may be used alone or used in combination with other antihypertensive 
agents, particularly a thiazide diuretic INDERAL LA is not indicated in the management of 
hypertensive emergencies. 

Pectoris Due to Coronary Atherosclerosis: |NDERAL LA is indicated for the 
long-term mareperet of patients with angina pectoris 

Migraine INDERAL LA is indicated for the prophylaxis of common migraine headache. 
The efficacy of propranolol in the treatment of a migraine attack that has started has not been 
established and propranolol is not indicated for such use. 

Hyper ic Subaortic Stenosis: |NDERAL LA is useful in the management of hyper- 
trophic subaortic stenosis, especially for treatment of exertional or other stress-induced 
angina, palpitations, and syncope. INDERAL LA also improves exercise performance. The 
effectiveness of propranolol hydrochloride in this disease appears to be due to a reduction of 
the elevated outflow pressure gradient which is exacerbated by beta-receptor stimulation. 
Clinical improvement may be temporary. 


CONTRAINDICATIONS. |NDERAL is contraindicated in 1) cardiogenic shock; 2) sinus 
bradycardia and greater than first-degree 
block; 3) bronchial asthma; 4) congestive heart 
failure (see WARNINGS) unless the failure is 
secondary to a tachyarrhythmia treatable with 
INDERAL. 


WARNINGS. CARDIAC FAILURE: Sympa- 
thetic stimulation may be a vital component 
supporting circulatory function in patients with 
congestive heart failure, and its inhibition by 
beta blockade may precipitate more severe 
failure. Although beta blockers should be 
avoided in overt congestive heart failure, ifnec- 
essary, they can be used with close follow-up in 
patients with a history of failure who are well 
compensated and are receiving digitalis and 
diuretics. Beta-adrenergic blocking agents do not abolish the inotropic action of digitalis on 
heart muscle. 

IN PATIENTS WITHOUT A HISTORY OF HEART FAILURE, continued use of beta blockers 
can, in some cases, lead to cardiac failure. Therefore, at the first sign or symptom of heart 
failure, the patient should be digitalized and/or treated with diuretics, and the response 
observed closely, or INDERAL should be discontinued (gradually, if possible) 


IN PATIENTS WITH ANGINA PECTORIS, there have been reports of exacerbation of 
angina and, in some cases, myocardial infarction, folowing abrupt discontinuance of 
INDERAL therapy, Therefore, when discontinuance of INDERAL is planned, the dosage 
should be gradually reduced over at least a few weeks, and the patient should be 
cautioned against interruption or cessation of therapy without the physician's advice. If 
INDERAL aop is interrupted and exacerbation of angina occurs, it usually is advisable 
to reinstitute IN ERAL therapy and take other measures appropriate for the management 
of unstable angina pectoris. Since coronary artery disease may be unrecognized, it may 
be prudent to follow the above advice in patients considered at risk of having occult 
atherosclerotic heart disease who are given propranolol for other indications. 


Nonallergic Bronc sm (eg, chronic bronchitis, emphysema) — PATIENTS 
WITH BRONCHOSPASTIC DISEASES SHOULD IN GENERAL NOT RECEIVE BETA 
BLOCKERS. INDERAL should be administered with caution since it may block bronchodilation 
produced by endogenous and exogenous catecholamine stimulation of beta receptors. 

MAJOR SURGERY: The necessity or desirability of withdrawal of beta-blocking therapy prior 
to major surgery is controversial. It should be noted, however, that the impaired ability of the 
heart to respond to reflex adrenergic stimuli may augment the risks of general anesthesia and 
surgical procedures. 

INDERAL (propranolol HCI), like other beta blockers, is a ve dd pir inhibitor of beta-recep- 
tor agonists and its effects can be reversed by administration o! such agents, eg, dobutamine 
or isoproterenol. However, such patients may be subject to protracted severe hypotension, 
pitou in starting and mamana the heartbeat has also been reported with beta blockers 

DIABETES AND HYPOGLYCEMIA: Beta blockers should be used with caution in diabetic 
patients if a beta-blocking agent is required. Beta blockers may mask tachycardia occurring 
with hypoglycemia, but other manifestations such as dizziness and sweating may not be 
significantly affected. Following insulin-induced hypoglycemia, propranolol may cause a delay 
in the recovery of blood glucose to normal levels. 

THYROTOXICOSIS: Beta blockade may mask certain clinical signs of hyperthyroidism 
Therefore, abrupt withdrawal of propranolol may be followed by an exacerbation of symptoms 
of hyperthyroidism, including thyroid storm. Propranolol may change thyroid function tests, 
increasing T4 and reverse T3. and donieBsingT 3 

IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several cases have been 
reported in which, after propranolol, the tachycardia was replaced by a severe bradycardia 
requiring a demand pacemaker. In one case, this resulted after an initial dose of 5 mg 
propranolol 


PRECAUTIONS. GENERAL: Propranolol should be used with caution in patients with im- 
paaa hepatic or renal function. INDERAL (propranolol HCI} is not indicated for the treatment of 
ypertensive emergencies 
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Beta-adrenoreceptor blockade can cause reduction ofintraocular pressure. Patients should 
be told that INDERAL may interfere with the glaucoma screening test. Withdrawal may lead toa 
retum of increased intraocular pressure. 

CLINICAL LABORATORY TESTS: Elevated blood urea levels in patients with severe heart 
disease, elevated serum transaminase, alkaline phosphatase, lactate dehydrogenase. 

DRUG INTERACTIONS: Patients receiving catecholamine-depleting drugs such as reser- 
pine should be closely observed if INDERAL (propranolol HCI) is administered. The added 
catecholamine-blocking action may produce an excessive reduction of resting sympathetic 
nervous activity which may result in hypotension, marked bradycardia, vertigo, syncopal 
attacks, or orthostatic hypotension. 

Caution should be exercised when patients receiving a beta blocker are administered a 
calcium-channel-blocking drug, especially intravenous ety en for both agents may de- 
press myocardial contractility or atrioventricular conduction. On rare occasions, the concomi- 
tant intravenous use of a beta blocker and verapamil has resulted in serious adverse reactions, 
especially in patients with severe cardiomyopathy, congestive heart failure, or recent myocar- 
dial infarction. 

Aluminum hydroxide gel greatly reduces intestinal absorption of propranolol 

Ethanol slows the rate of absorption of propranolol. 

Phenytoin, phenobarbitone, and rifampin accelerate propranolol clearance. 

Chlorpromazine, when used concomitantly with propranolol, results in increased plasma 
levels of both drugs 

Antipyrine and lidocaine have reduced clearance when used concomitantly with 
propranolol 

Thyroxine may result in a lower than expected T concentration when used concomitantly 
with propranolol 

Cimetidine decreases the hepatic metabolism of propranolol, delaying elimination and 
increasing blood levels. 

Theophylline clearance is reduced when used ea ty an ropranoiol. 

CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Long-term studies in 
animals have been conducted to evaluate toxic effects and carcinogenic potential. In 18- 
month studies in both rats and mice, employing doses up to 150 mg/kg/day, there was no 
evidence of silica drug-induced toxicity. There were no drug-relate tumorigenic effects 
at any of the dosage levels. Reproductive studies in animals did not show any impairment of 
fertility that was attributable to the drug 

PREGNANCY: Pregnancy Category C. INDERAL has been shown to be embryotoxic in 
animal studies at doses about 10 times greater than the maximum recommended human dose. 

There are no adequate and well-controlled studies in pregnant women. INDERAL should be 
used awing Re nancy only if the potential benefit justities the potential risk to the fetus. 

NURSING MOTHERS: INDERAL is excreted in human milk. Caution should be exercised 
when INDERAL is administered to a nursing woman. 

PEDIATRIC USE: Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS. Most adverse effects have been mild and transient and have rarely 
required the withdrawal of therapy. 

Cardiovascular: Bradycardia; congestive heart failure; intensification of AV block; hypoten- 
sion; paresthesia of hands; thrombocytopenic purpura; arterial insufficiency, usually of the 
i 2 type. 

‘entral Nervous System: Light-headedness; mental depression manifested by insomnia, 
lassitude, weakness, fatigue; reversible mental depression progressing to catatonia; visual 
disturbances; hallucinations; vivid dreams; an 
acute reversible syndrome characterized by 
disorientation for time and place, short-term 
memory loss, emotional lability, slightly 
clouded sensorium, and decreased perfor- 
mance on neuropsychometrics. For immediate 
formulations, fatigue, lethargy, and vivid 
dreams appear dose related. 

Gastrointestinal: Nausea, vomiting, epigas- 
tric distress, abdominal cramping, diarrhea, 
constipation, mesenteric arterial thrombosis, 
ischemic colitis 

Allergic: Pharyngitis and agranulocytosis, 
erythematous rash, fever combined with ach- 
ing and sore throat, laryngospasm and respira- 
tory distress. 


60mg 80mg 


HE 


Respiratory: Bronchospasm. 

Hematologic: Agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic purpura. 

Auto-Immune: In extremely rare instances, systemic lupus erythematosus has been 
reported. 

Miscellaneous: Alopecia, LE-like reactions, psoriasiform rashes, dry eyes, male impotence, 
and Peyronie's disease have been reported rarely. Oculomucocutaneous reactions involving 
the skin, serous membranes and conjunctivae reported for a beta blocker (practolol) have not 
been associated with propranolol 


DOSAGE AND ADMINISTRATION. |NDERAL LA provides propranolol hydrochloride in a 
sustained-release capsule for administration once daily. If patients are switched from INDERAL 
Tablets to INDERAL LA Capsules, care should be taken to assure that the desired therapeutic 
effect is maintained. INDERAL LA should not be considered a etki mg-for-mg substitute for 
INDERAL. INDERAL LA has different kinetics and produces lower blood levels. ‘etitration may 
be necessary, er to maintain effectiveness at the end of the 24-hour dosing interval. 

HYPERTENSION — Dosage must be individualized. The usual initial dosage is 80 mg 
INDERAL LA once daily, whether used alone or added to a diuretic. The dosage may be 
increased to 120 mg once daily or higher until adequate blood-pressure control is achieved. 
The usual maintenance dosage is 120 to 160 mg once daily. In some instances a dosage of 640 
mg may be required. The time needed for full hypertensive response to a given dosage is 
variable and may range from a few days to several weeks. 

ANGINA PECTORIS— Dosage must be individualized. Starting with 80 mg INDERAL LA 
once daily, dosage should be gradually increased at three- to seven-day intervals until optimal 
response is obtained. Although individual patients may respond at any dosage level, the 
average optimal dosage appears to be 160 mg once daily In angna pectoris, the value and 
safety of dosage exceeding 320 mg per day have not been established. 
de ee) isto be discontinued, reduce dosage gradually over a period of afew weeks (see 

JARNI 

MIGRAINE == Dosage must be individualized. The initial oral dose is 80 mg INDERAL LA 
once daily. The usual effective dose range is 160-240 mg once daily. The dosage may be 
increased gradually to achieve optimal migraine prophylaxis. If a satisfactory response is not 
obtained within four to six weeks after reaching the maximal dose, INDERAL LA ney should 
be discontinued. It may be advisable to withdraw the drug gradually over a period of several 
weeks. 

HYPERTROPHIC SUBAORTIC STENOSIS — 80-160 mg INDERAL LA once daily. 


120mg 160mg 


PEDIATRIC DOSAGE —At this time the data on the use of the drug in this age group are too ~ 


limited to permit adequate directions for use. 
*The appearance of these capsules is a registered trademark of Wyeth-Ayerst Laboratories, 


A) 7 WYETH-AYERST 
A LABORATORIES 
Philadelphia, PA 19101 


© 1988, Wyeth-Ayerst Laboratories. 





4 





ese 


CONDITION: DELICATE 
THERAPEUTIC RANGE: SENSITIVE 


Y®UR HAND H@®LDS THE FATE 
OF THEIR HEARTS 






100-mg and 150-mg CAPSULES 






The most commonly seen side effects of disopyramide 
phosphate are anticholinergic, and the most severe 
_are due to its negative inotropic properties. 
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First-line for long-term therapy 
When you select Norpace or Norpace CR 
for your arrhythmia patients, make sure 
to specify Dispense as Written (DAW) or 
Do Not Substitute on your prescriptions. 





















Norpace® Capsules 
(disopyramide phosphate) 


Norpace® CR Capsules 
(disopyramide phosphate 
extended-release) 


Brief Summary 


Before prescribing, please consult current complete prescribing information, a summary of which 
follows: Indications: For suppression and prevention of recurrence of the following cardiac 
arrhythmias: unifocal premature (ectopic) ventricular contractions; premature (ectopic) ventricular 
contractions of multifocal origin; paired premature ventricular contractions (couplets); and 
episodes of ventricular tachycardia (persistent ventricular tachycardia is ordinarily treated with 
DC-cardioversion). Norpace is equally effective in both digitalized and nondigitalized patients. It is 
also equally effective in treating primary cardiac arrhythmias and those which occur in association 
with organic heart disease including coronary artery disease. Norpace CR should not be used 
initially if rapid establishment of disopyramide plasma levels is desired. Oral disopyramide 
phosphate has not been adequately studied in patients with acute myocardial infarction or with 
persistent ventricular tachycardia or atrial arrhythmias and is not indicated for arrhythmias due to 
digitalis intoxication. The value of antiarrhythmic drugs in preventing sudden death in patients 
with serious ventricular ectopic activity has not been established. Contraindications: Cardiogenic 
shock, preexisting second- or third-degree AV block (if no pacemaker is present), congenital 0-T 
prolongation, or known hypersensitivity to the os Warnings: Norpace or Norpace CR may 
cause or worsen congestive heart failure (CHF) or produce severe hypotension as a 
consequence of its negative inotropic properties. Hypotension has been observed primar- 
ily with primary cardiomyopathy or inadequately compensated CHF. Norpace or Norpace 
CR should not be used in patients with uncompensated or marginally compensated CHF 
or hypotension unless the condition is secondary to cardiac arrhythmia. Patients with a 
history of heart failure may be treated with Norpace or Norpace CR, but careful attention 
must be given to maintaining cardiac function, cy optimal digitalization. If hypo- 
tension occurs or CHF worsens, Norpace or Norpace CR should be discontinued and, if 
necessary, restarted at a lower dosage only after adequate cardiac compensation has 
been established. Norpace or Norpace CR should be discontinued if significant widening 
(greater than 25%) of the QRS complex occurs. Prolongation of the Q-T interval 
(corrected) and worsening of the arrhythmia may occur. Patients who have evidenced 
pretongation of the Q-T interval in response to quinidine may be at particular risk. In 
pre , Type 1A antiarrhythmic drugs have been associated with torsade de pointes. If 
-T prolongation greater than 25% is observed and if ectopy continues, the patients 
should be monitored closely, and discontinuation of Norpace or Norpace CR considered. 
In rare instances significant hypoglycemia has been reported during Norpace therapy. 
The concomitant use of Norpace or Norpace CR with other Type 1 antiarrhythmic agents 
and/or propranolol should be reserved for patients with life-threatening arrhythmias who 
are demonstrably unresponsive to single agent antiarrhythmic therapy. Such use may 
produce serious negative inotropic effects, or may excessively prolong conduction. 
Patients receiving more than one antiarrhythmic drug must be carefully monitored. If 
first-degree heart block develops, the dosage of Norpace or Norpace CR should be 
reduced. If the block persists, continuation of Norpace or Norpace CR must depend upon 
an assessment of benefit versus risk. Development of second- or third-degree AV block 
or uni-, bi-, or trifascicular block requires discontinuation of drug unless the ventricular 
rate is adequately controlled by a pacemaker. Because of its anticholinergic activity, 
disopyramide phosphate should not be used in patients with glaucoma, myasthenia 
gravis or urinary retention, unless adequate overriding measures are taken. In patients 
with a family history of glaucoma, intraocular pressure should be measured before 
initiating Norpace or Norpace CR therapy. Precautions: Patients with atrial flutter or 
fibrillation should be digitalized prior to Norpace or Norpace CR administration to ensure that drug- 
induced enhancement of AV conduction does not allow a ventricular rate beyond physiologically 
acceptable limits. The effect of Norpace or Norpace CR is presently uncertain in patients with sick 
sinus syndrome, Wolff-Parkinson-White syndrome, or bundle branch block. Patients with myo- 
carditis or other cardiomyopathy may develop significant hypotension in response to the usual 
dosage of disopyramide phosphate. Therefore, a loading dose of Norpace should not be given to 
such patients, and initial dosage and subsequent dosage adjustments should be made under close 
supervision. Norpace dosage should be reduced in patients with impaired renal or hepatic function 
and the electrocardiogram carefully monitored for signs of overdosage. Norpace CR is not 
recommended for patients with severe renal insufficiency. Antiarrhythmic drugs may be ineffective 
in patients with hypokalemia, and their toxic effects may be enhanced in patients with 
hyperkalemia. Therefore, potassium abnormalities should be corrected before starting Norpace or 
Norpace CR therapy. Concomitant administration of disopyramide phosphate with phenytoin or 
other hepatic enzyme inducers may cause lower disopyramide plasma levels. Concomitant 
administration with other antiarrhythmics may cause excessive widening of the ORS complex and/ 
or prolongation of the Q-T interval. Concomitant administration with quinidine resulted in slight 
increases in disopyramide levels and slight decreases in quinidine levels. Pregnancy Category C. 
Norpace was associated with decreased numbers of implantation sites and decreased growth and 
survival of pups when administered to pregnant rats at 250 mg/kg/day, a level at which weight 
gain and food consumption of dams were also reduced. Increased resorption rates were reported 
in rabbits at 60 mg/kg/day. Safe use in pregnancy has not been established. Disopyramide has 
been found in human fetal blood. Norpace has been reported to stimulate contractions of 
the pregnant uterus. Use of Norpace or Norpace CR in pregnant women requires that the 
potential benefit be weighed against possible hazards to the fetus. Effects of Norpace or Norpace 
CR on the fetus during delivery or on the course of labor and delivery are unknown. Following oral 
administration, disopyramide has been found in human milk at @ concentration not exceeding that 
in plasma, Because of the potential for serious adverse reactions in nursing infants from Norpace 
or Norpace CR, a decision should be made whether to discontinue nursing or discontinue the drug, 
taking into account the importance of the drug to the mother. Adverse Reactions: Dry mouth, 
urinary hesitancy, constipation, blurred vision, dry nose/eyes/throat, urinary retention especially 
in males with benign prostatic hypertrophy, urinary frequency and urgency, impotence, nausea, 
pain/bloating/gas, anorexia, diarrhea, vomiting, nervousness, dizziness, general fatigue/muscle 
weakness, headache, malaise, aches/pains, hypotension, congestive heart failure, cardiac conduc- 
tion disturbances, edema/weight gain, shortness of breath, syncope, chest pain, generalized rash/ 
dermatoses, itching, hypokalemia, elevated cholesterol/triglycerides, depression, insomnia, 
dysuria, numbness/tingling, elevated liver enzymes, AV block, elevated BUN, elevated creatinine, 
decreased hemoglobin/hematocrit, and hypoglycemia. Acute psychosis, cholestatic jaundice, and 
agranulocytosis, all three reversible, have been reported, as have fever, respiratory difficulty, 
thrombocytopenia, and gynecomastia. Some cases of lupus erythematosus (LE) symptoms have 
occurred mostly in patients switched from procainamide to disopyramide following the develop- 
ment of LE symptoms. Dosage and Administration: Dosage must be individualized on the basis 
of response and tolerance. The usual adult dosage is 400 to 800 mg/day given in divided doses: 
bi for Norpace and q12h for Norpace CR. See current complete prescribing information for 


osage recommendations. 5/9/89 » P89-J7438V 


Address medical inquiries to: 

G. D. Searle & Co. 

Medical & Scientific Information Department 
4901 Searle Parkway 

Skokie, IL 60077 


SEARLE G.D. Searle & Co. 
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CARDIOLOGIST with electrophysiology skills. Consultative 
practice to include clinical inpatient and outpatient, CCU pro- 
cedures, noninvasives, cardiac catheterization (if desired) and 
invasive electrophysiology. To join three member division on 
or before July 1990 in large private practice multispecialty 
group in Northern California an hour and a half drive from San 


Francisco. Pleasant growing community of 150,000 with ex- 
cellent benefits and salary. Please respond to C. V. Allen, 
M.D., Medical Director, Gould Medical Group, 600 Coffee 
Road, Modesto, CA 95355. 






CARDIOLOGIST—To join group of 6 FACC cardiologists in 
Northwestern Pennsylvania. Consultative, invasive and nonin- 
vasive practice. Immediate opening. Reply Box 1025, The 
American Journal of Cardiology, 249 W. 17th St., New York, 
N.Y. 10011. 





CARDIOLOGIST—Needed to join busy cardiology prac- 
tice in Ft. Lauderdale. Position available immediately. 
Excellent opportunity. Very successful invasive/non in- 
vasive five man group. P.O. Box 491750, Ft. Lauderdale, 
Florida 33349. 






















ASSOCIATE DIRECTOR 
CARDIAC ELECTROPHYSIOLOGY PROGRAM 


Baystate Medical Center, an 878-bed regional referral hospital 
and the Western Campus of Tufts University School of Medi- 
cine, is expanding its’ Cardiac Electrophysiology program, 
which presently includes 300 procedures per year, including 
AICD implants, and is involved in clinical research. The second 
electrophysiologist will join five full-time faculty in the Cardiol- 
ogy Division, and is expected to share the clinical and teaching 
responsibilities for six cardiology fellows, 42 medical, and 16 
medicine-pediatrics residents, and other house staff. Recent 
experience with pacemaker implantation, mapping, and cathe- 
ter ablation is essential. A full Tufts faculty appointment ac- 
companies this position. 

Contact Ralph E. Gianelly, M.D., Chief, Cardiology Division, 
Department of Medicine, BAYSTATE MEDICAL CENTER, 759 
Chestnut Street, Springfield, MA 01199, (413) 784-4490. We 
are an equal opportunity employer. 
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cripts are received with the understanding that they are sub- 
nitted solely to THE AMERICAN JOURNAL OF CARDIOLO- 
GY, that upon submission, they become the property of the Pub- 
sher, that the work has not been previously published, and that 
the data in the manuscript have been reviewed by all authors, who 
“agree with the analysis of the data and the conclusions reached in 
‘the manuscript. The Publisher reserves copyright and renewal on 
all published material, and such material may not be reproduced 
without the written permission of the Publisher. Statements in arti- 
icles are the responsibility of the authors. 
ADDRESS MANUSCRIPTS TO: William C. Roberts, MD, Editor 
in Chief, THE AMERICAN JOURNAL OF CARDIOLOGY, 
7960 Old Georgetown Road, Suite 2C, Bethesda, Maryland 20814. 
Please include the corresponding author’s phone number. The cover 
letter should state precisely and concisely the significance and 
‘uniqueness of the work in the authors’ view. The authors may state 
the extent of any concessions they are readily prepared to make 
(for example, the elimination of 1 or more figures or tables or a 
‘portion of the text) to increase the likelihood of publication of their 
work in the Journal. Several names and addresses should be pro- 
idéd of nonlocal experts who, in the authors’ view, could provide 
objective and informed reviews of their work. The names of investi- 
gators considered unlikely by the authors to give nonbiased reviews 
oftheir work also may be submitted. This request is honored. 
-> Submit 3 copies (1 original and 2 copies) of the entire manu- 
¿script including text, references, figures, legends and tables. Study 
-recent past issues of the Journal for format. Arrange the paper as 
follows: (1) title page, which should include the title, the full names 
and academic degrees of the authors, and the institution and city 
and state or city and country from which the work originated; (2) 
“second title page, with only the title of the article (page not num- 
bered); (3) abstract; (4) text; (5) acknowledgment; (6) references: 
(7) figure legends; (8) miniabstract for Table of Contents that in- 
cludes the full title and names (without academic degrees) of the 
thors {page not. numbered); and (9) tables. Number the title 
geas 1, abstract page as 2, and so forth. (Leave the second title 
page and the miniabstract page unnumbered.) Type on 22 X 28 cm 
X11 inch) paper, on 1 side only of each sheet, double-spaced 
uding references) with at least 25-mm (l-inch) margins. 
he second title page, on which the names and institutions of the 
thors are omitted, gives the Editor in Chief the option of acquir- 
blinded or nonblinded reviews. References to the institution in 
the text or to the author’s previous work in the Reference section 
must be deleted or written in a manner that prevents identification 
of. the authors and the institution. Label figures with the manu- 
_ Script title rather than the authors’ names so that blinded reviews 
can be solicited. The authors should state which type of review they 
wish in the cover letter; this request is honored. 
TITLE PAGE, TABLE OF CONTENTS, ABSTRACT AND MINI- 
SSTRACT: For the complete title page, include the full first or 
ddle and last. names of all authors. Provide a short running title 
to 6 words. List the institution and address from which the 
. originated, and provide information about grant support if 
ry. If the work described is supported by a grant from a 
ceutical company, that fact should be stated on the title 
Add at the bottom the phrase, “Address for reprints:” fol- 
ed by full name and address with zip code. Limit the abstract to 
0 words and the Table of Contents miniabstract to 150 words. 
ist 2 to.6 key words for subject indexing at the end of the abstract. 
STYLE: Use appropriate subheadings throughout the body of the 
ext, such as the Methods, Results and Discussion. Abbreviations 
re permitted, but no more than 3 per manuscript, and then they 
st be used on every page of the manuscript after they are initial- 
lled out (followed by the abbreviation) in both abstract and 
introduction. Use generic names of drugs. Do not spell out any 
mber, including those less than 10, except when used for opening 
enitence, but try not to begin sentences with numbers. Use sym- 
ls for less than (<), greater than (>) and percent (%). Indent for 
graphs except the first one in both abstract and introduction. 
the Uniform Requirements for Manuscripts Submitted to 
i 1 Journals, published in The Annals of Internal Medicine 
(1982;96:766-771, and also the Stylebook/Editorial Manual 
e American Medical Association. 
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tions for titles of journals. Check Index Medicus or Annals of In- 
ternal Medicine (June 1982) as cited above for journal titles and 
abbreviations. Personal communications, unpublished observations 
and manuscripts submitted but not yet accepted for publication do 
not constitute references. 

Journal: Harvey W, Heberden W, Withering W, Stokes W, 

Murrell W, Einthoven W, Osler W. Anomalies and curiosities 

of cardiology and of cardiologists. Reflections of famous med- 

ical Williams, Am J Cardiol 1984;53:900-915. 

Chapter in Book: Cabot RC, White PD, Taussig HB, Levine 

SA, Wood P, Friedberg CK, Nadas AS, Hurst JW, Braun- 

wald E. How to write cardiologic textbooks. In: Hope JA, ed. 

A Treatise on Disease of the Heart and Great Vessels. Lon- 

don: Yorke Medical Books, 1984:175-200. 

Book: Carrel A, Cutler EC, Gross RE, Blalock A, Craffoord 

C, Brock RC, Bailey CP, DeBakey ME. The Closing of 

Holes, Replacing of Valves and Inserting of Pipes, or How 

Cardiovascular Surgeons Deal with Knives, Knaves and 

Knots. New York: Yorke University Press, 1984:903. 

FIGURES: Submit 3 glossy unmounted prints of each photograph 
and drawing. Artwork of published articles will not be returned 
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only essential fields. Identify figures on back by title of the articles. 
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Number figures in the order in which they are mentioned in the 
text. Indicate the top of each figure. Submit written permission 
from the publisher and author to reproduce any previously pub- 
lished figures. Limit figures to the number necessary to present the a 
message Clearly. Type figure legends on a separate page, double- 
spaced. Identify at the end of each legend and in alphabetical order 
all abbreviations in the figure. The cost of color reproduction must 
be paid by the author. 

TABLES: Place each table on a separate page, typed double- 
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pear above the list of references in published letters. A letter con- 
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authors within the US) within 2 months of the article’s publication. 
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prints must be obtained through the author. 
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Simply Revolutionary 








Mix and match 
patient parameter 
modules, racks, 
printers, record- 
ers, and displays. 


Simply put: It’s revolutionary. 
The patient monitoring system 
that has it all. Sophisticated 
data management; information 
reliability; unprecedented 
versatility with a comprehen- 
sive range of interchangeable 
parameter modules for the 
ICU/CCU; intuitive operation 
for ease of use; color displays 
for enhanced readability; 
flexibility to customize screens, 
printed reports, and graphical 
and tabular trends; bedside 
recorder for real-time and 
delayed alarm recording; stor- 
age and printout of patient’s 
vital signs over the past 24 or 
48 hours; and component 
modularity for affordability 
and guaranteed upgradabil- 
ity. Introducing the HP Com- 
ponent Monitoring System. 


Now data management is 
as easy as 1, 2, 3. 

Literally. Because our Compo- 
nent Monitoring System does 
for patient information what 
the electronic spreadsheet 
did for business management. 
Powerful pre-programmed 
calculations let you see hemo- 
dynamic, oxygenation, and 





Satellite rack can be mounted in 
remote locations for maximum 
convenience and accepts extra 
parameter modules for additional 
measurements. 


Modular compo- Simplicity itself: 
nents separate intuitive opera- 
so you can cus- tion, built-in 
tomize systemto training database, 
your needs, the and on-screen 
patient’s needs, ‘“‘help” and 

and the physical prompts simplify 
layout of the learning for 


nurses and staff. 


room. 






1y 


ventilation results on-screen 
already calculated in tabular 
format. Now imagine printing 
that information at the bed- 
side—in any configuration 
you want, with only the in- 
formation you want—with all 
important patient informa- 
tion marked and annotated. 


Information when you 
need it. 

Instantly. With on-screen ac- 
cess to complete physiological 
information. Now you can 
make diagnostic decisions 
more quickly, easily, and con- 
fidently. And, you can even 
make them at home or in your 
office with a computer via 

a modem. You’ll also find it 
easier than ever to check car- 
diac output and wedge pres- 
sures. And another feature 
you'll appreciate is that every 
screen, chart, or printout is 





formatted with a patient ID 
for accuracy and convenience. 


Information where you 
want it. 

Allin one place. In one system, 
on one screen. And thanks 

to component modularity, 

you can mix and match patient 
parameter modules, satellite 
racks, printers, recorders, and 
displays to tailor that informa- 
tion to your specific needs. 


System updateability 
protects your investment. 
HP gives you exactly what you 
want or can afford now, and 
lets you add different capabili- 
ties later. You can even incor- 
porate future technology as 
it’s made available. But that’s 
not all. There’s also Hewlett- 
Packard’s system reliability 
and unmatched service and 
support. So whether you 

want an easy-to-use patient 
monitoring system that’s the 
most advanced, the most 
powerful, or the most versatile, 
the choice is simple. It’s HP’s 
revolutionary new Compo- 
nent Monitoring System. Call 
your local HP representative 
and ask for a demonstration. 
It’s that simple. 


The new revolution in 
patient monitoring. 
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Procan® SR 
(Procainamide Hydrochioride Tabiets) SUSTAINED RELEASE 


Before prescribing, please see full prescribing information. 
A Brief Summary follows. 













WARNING 
Positive ANA Titer: The prolonged administration of procainamide often leads to the devel- 
opment of a positive antinuclear antibody (ANA) test, with or without symptoms of a lupus 
erythematosus-like syndrome. If a positive ANA titer develops, the benefits versus risks of 
continued procainamide therapy should be assessed. 


INDICATIONS AND USAGE: Procan SR tablets are indicated for the treatment of life-threatening 
ventricular arrhythmias. Procan SR is also indicated for the treatment of some patients with less 
severe, symptomatic ventricular arrhythmias, including unifocal or multifocal couplets and 
nonsustained ventricular tachycardia. Because procainamide hydrochloride has the potential to 
produce serious hematological disorders (0.5 percent), particularly leukopenia or agranulocytosis 
(sometimes fatal), the use of procainamide hydrochloride should be reserved for patients in whom, 
in the opinion of the physician, the benefits of treatment clearly outweigh the risks. (See WARNINGS 
and Boxed Warnings.) For less serious arrhythmias, alternative therapies with less severe toxicity 
should be considered. Like all other antiarrhythmics, procainamide hydrochloride has not been 
shown to prevent sudden death in patients with serious ventricular ectopic activity, and also, like 
all other antiarrhythmics, procainamide hydrochloride has potentially serious adverse effects, 
including the ability to worsen arrhythmias. It is, therefore, essential that each patient given 
procainamide hydrochloride be evaluated electrocardiographically and clinically prior to, and 
during, procainamide hydrochloride therapy to determine whether the response to the drug 
supports continued treatment. 

CONTRAINDICATIONS: Complete Heart Block: Procainamide should not be administered 
to patients with complete heart block because of its effects in suppressing nodal or ventricular 
pacemakers and the hazard of asystole. It may be difficult to recognize complete heart block in 
patients with ventricular tachycardia, but if significant slowing of ventricular rate occurs during 
PA treatment without evidence of AV conduction appearing, PA should be stopped. In cases 
of second degree A-V block or various types of hemiblock, PA should be avoided or discontinued 
because of the possibility of increased severity of block, unless the ventricular rate is controlled 
by an electrical pacemaker. Idiosyncratic Hypersensitivity: in patients sensitive to procaine 
or other ester-type local anesthetics, cross sensitivity to PA is unlikely; however, it should be borne 
in mind, and PA should not be used if it produces acute allergic dermatitis, asthma, or anaphylactic 
symptoms. Lupus Erythematosus: An established diagnosis of systemic lupus erythematosus 
is a contraindication to PA therapy, since aggravation of symptoms is highly likely. Torsades de 
Pointes: In the unusual ventricular arrhythmia called “les torsades de pointes’ (twistings of the 
points), characterized by alternation of one or more ventricular premature beats in the directions 
of the QRS complexes on ECG in persons with prolonged QT and often enhanced U waves, Group 
1A antiarrhythmic drugs are contraindicated. Administration of PA in such cases may aggravate 
this special type of ventricular extrasystole or tachycardia instead of suppressing it 
WARNINGS 


Blood Dyscrasias: Agranuiocytosis, bone marrow depression, neutropenia, hypoplastic 
anemia and thrombocytopenia have been reported in patients receiving procainamide 
hydrochioride at a rate of approximately 0.5%. Most of these patients received procainamide 
hydrochloride within the recommended dosage range. Fatalities have occurred (with 
approximately 20-25 percent mortality in reported cases of agranulocytosis). Since most of 
these events have been noted during the first 12 weeks of therapy, it is recommended that 
compiete blood counts including white cell, differential and platelet counts be performed 
at weekly intervals for the first three months of therapy, and periodically thereafter Complete 
blood counts should be performed promptly if the patient develops any signs of infection 
(such as fever, chills, sore throat, or stomatitis), bruising, or bleeding. lf any of these hematologic 
disorders are identified, procainamide hydrochloride should be discontinued. Blood counts 
usually return to normal within one month of discontinuation. Caution should be used in 
patients with preexisting marrow failure or cytopenia of any type (see ADVERSE REACTIONS). 




















Digitalis intoxication: Caution shouid be exercised in the use of procainamide in arrhythmias 
associated with digitalis intoxication. Procainamide can suppress digitalis-induced arrhythmias; 
however, if there is concomitant marked disturbance of atrioventricular conduction. additional 
depression of conduction and ventricular asystole or fibrillation may result. Therefore, use of 
procainamide should be considered only if discontinuation of digitalis, and therapy with potassium, 
lidocaine, or phenytoin are ineffective. First Degree Heart Block: Caution should be exercised 
also if the patient exhibits or develops first degree heart block while taking PA, and dosage reduction 
is advised in such cases. If the block persists despite dosage reduction, continuation of PA 
administration must be evaluated on the basis of current benefit versus risk of increased heart 
block. Predigitalization for Atrial Flutter or Fibrillation: Patients with atrial flutter or fibrillation 
should be cardioverted or digitalized prior to PA administration to avoid enhancement of AV 
conduction which may result in ventricular rate acceleration beyond tolerable limits. Adequate 
digitalization reduces but does not eliminate the possibility of sudden increase in ventricular rate 
as the atrial rate is slowed by PA in these arrhythmias. Congestive Heart Failure: For patients 
in congestive heart failure, and those with acute ischemic heart disease or cardiomyopathy, caution 
should be used in PA therapy, since even slight depression of myocardial contractility may further 
reduce cardiac output of the damaged heart. Concurrent Other Antiarrhythmic Agents: 
Concurrent use of PA with other Group 1A antiarrhythmic agents such as quinidine or disopyramide 
may produce enhanced prolongation of conduction or depression of contractility and hypotension, 
especially in patients with cardiac decompensation. Such use should be reserved for patients 
with serious arrhythmias unresponsive to a single drug and employed only if close observation 
is possible, Renal insufficiency: Renal insufficiency may lead to accumulation of high plasma 
levels from conventional oral doses of PA, with effects similar to those of overdosage (see 
OVERDOSAGE), unless dosage is adjusted for the individual patient. Myasthenia Gravis: Patients 
with myasthenia gravis may show worsening of symptoms from PA due to its procaine-like effect 
on diminishing acetylcholine release at skeletal muscle motor nerve endings, so that PA 
administration may be hazardous without optimal adjustment of anticholinesterase medications 
and other precautions. 

PRECAUTIONS: General: immediately after initiation of PA therapy, patients should be closely 
observed for possible hypersensitivity reactions, especially if procaine or local anesthetic sensitivity 
is suspected, and for muscular weakness if myasthenia gravis is a possibility. In conversion of 
arterial fibrillation to normal sinus rhythm by any means, dislodgment of mural thrombi may lead 
to embolization, which should be kept in mind. After approximately two days, steady state plasma 
PA levels are produced following regular oral administration of a given dose of Procan SR tablets 
at set intervals. After achieving and maintaining therapeutic plasma concentrations and satisfactory 
electracardiographic and clinical responses, continued frequent periodic monitoring of vital signs 
and electrocardiograms is advised. If evidence of QRS widening of more than 25 percent or marked 
prolongation of the QF interval occurs, concern for overdosage is appropriate, and reduction in 
dosage is advisable if a 50 percent increase occurs. Elevated serum creatinine or urea nitrogen, 
reduced creatinine clearance, or history of renal insufficiency, as well as use in older patients (over 
age 50). provide grounds to anticipate that less than the usual dosage and longer time intervals 


Procan® SR 
(Procainamide Hydrochloride Tablets) SUSTAINED RELEASE 


between doses may suffice, since the urinary elimination of PA and NAPA may be reduced, leading 
to gradual accumulation beyond rormally predicted amounts. If facilities are available for 
measurement of plasma PA and NAPA, or acetylation capability, individual dose adjustment for 
optimal therapeutic levels may be easier, but close observation of clinical effectiveness is the most 
important criterion. In the longer term, periodic complete blood counts are useful to detect possible 
idiosyncratic hematologic effects of PA on neutrophil, platelet or red cell homeostasis; agranulo- 
cytosis has been reported to occur occasionally in patients on long-term PA therapy. A rising titer 
of serum ANA may precede clinical symptoms of the lupoid syndrome (see Boxed Warnings and 
ADVERSE REACTIONS). If the lupus erythematosus-like syndrome develops in a patient with 
recurrent life-threatening arrhythmias not controlled by other agents, corticosteroid suppressive 
therapy may be used concomitantly with PA. Since the PA-induced lupoid syndrome rarely includes 
the dangerous pathologic renal changes, PA therapy may not necessarily have to be stopped 
unless the symptoms of serositis and the possibility of further lupoid effects are of greater risk than 
the benefit of PA in controlling arrhythmias. Patients with rapid acetylation capability are less likely 
to develop the lupoid syndrome after prolonged PA therapy. Information for Patients: The 
physician is advised to explain to the patient that close cooperation in adhering to the prescribed 
dosage schedule is of great importance in controlling the cardiac arrhythmia safely. The patient 
should understand clearly that more medication is not necessarily better and may be dangerous, 
that skipping doses or increasing intervals between doses to suit personal convenience may lead 
to loss of control of the heart problem, and that “making up’ missed doses by doubling up later 
may be hazardous. The patient should be encouraged to disclose any past history of drug 
sensitivity, especially to procaine or other local anesthetic agents, or aspirin, and to report any 
history of kidney disease, congestive heart failure, myasthenia gravis, liver disease, or lupus 
erythematosus. The patient should be counseled to report promptly any symptoms of arthralgia, 
myalgia, fever, chills, skin rash, easy bruising, sore throat or sore mouth, infections, dark urine 
or icterus, wheezing, muscular weakness, chest or abdominal pain, palpitations, nausea, vomiting, 
anorexia, diarrhea, hallucinations, dizziness, or depression. The patient should be advised not 
to break or chew the tablet as this would interfere with designed dissolution characteristics. The 
tablet matrix of Procan SR may be seen in the stool since it does not disintegrate following release 
of procainamide. Laboratory Tests: Laboratory tests such as complete blood count (CBC), 
electrocardiogram, and serum creatinine or urea nitrogen may be indicated, depending on the 
clinical situation, and periodic rechecking of the CBC and ANA may be helpful in early detection 
of untoward reactions. Drug Interactions: If other antiarrhythmic drugs are being used, additive 
effects on the heart may occur with PA administration, and dosage reduction may be necessary 
(see WARNINGS). Anticholinergic drugs administered concurrently with PA may produce additive 
antivagal effects on A-V nodal conduction, although this is not as well documented for PA as for 
quinidine. Patients taking PA who require neuromuscular blocking agents such as succinyicholine 
may require less than usual doses of the latter, due to PA effects on reducing acetylcholine release. 
Drug/Laboratory Test interactions: Suprapharmacologic concentrations of lidocaine and 
meprobamate may inhibit fluorescence of PA and NAPA, and propranolol shows a native fluores- 
cence close to the PA/NAPA peak wavelengths, so that tests which depend on fluorescence 
measurement may be affected. Carcinogenesis, Mutagenesis, impairment of Fertility: Long 
term studies in animals have not been performed. Teratogenic Effects: Pregnancy Category 
C: Animal reproduction studies have not been conducted with PA. it also is not known whether 
PA can cause fetal harm when administered to a pregnant woman or can affect reproduction 
capacity. PA should be given fo a pregnant woman only if clearly needed. Nursing Mothers: 
Both PA and NAPA are excreted in human milk, and absorbed by the nursing infant. Because 
of the potential for serious adverse reactions in nursing infants, a decision to discontinue nursing 
or the drug should be made, taking inte account the importance of the drug to the mother Pediatric 
Use: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS: Cardiovascular System: Hypotension following oral PA administration 
is rare. Hypotension and serious disturbances of cardiorhythm such as ventricular asystole or 
fibrillation are more common after intravenous administration (see OVERDOSAGE, WARNINGS). 
Second degree heart block has been reported in 2 of almost 500 patients taking PA orally. 
Multisystem Effects: A lupus erythematosus-like syndrome of arthralgia, pleural or abdominal 
pain, and sometimes arthritis, pleural effusion, pericarditis, fever, chills, myaigia, and possibly related 
hematologic or skin lesions (see below) is fairly common after prolonged PA administration, 
perhaps more often in patients who are slow acetylators (See Boxed Warnings and PRE- 
CAUTIONS). While some series havs reported less than 1 in 500, others have reported the 
syndrome in up to 30 percent of patients on long term oral PA therapy. If discontinuation of PA 
does not reverse the lupoid symptoms, corticosteroid treatment may be effective. Hematologic 
System: Neutropenia, thrombocytopenia, or hemolytic anemia may rarely be encountered. Agran- 
ulocytosis has occurred after repeated use of PA, and deaths have been reported (see WARNINGS 
and Boxed Warnings). Skin: Angioneurotic edema, urticaria, pruritus, flushing, and maculopapular 
rash have also occurred occasionally. Gastrointestinal System: Anorexia, nausea, vomiting, 
abdominal pain, bitter taste, or diarrnea may occur in 3 to 4 percent of patients taking oral 
procainamide. Hepatomegaly with increased serum aminotransterase activity has been reported 
after a single oral dose. Nervous System: Dizziness or giddiness, weakness, mental depression, 
and psychosis with hallucinations have been reported occasionally. 

OVERDOSAGE: Progressive widening of the QRS complex, prolonged QT and P-R intervals, 
lowering of the R and T waves, as well as increasing AV block, may be seen with doses which 
are excessive for a given patient. Increased ventricular extrasystoles, or even ventricular tachycardia 
or fibrillation may occur. After intravenous administration but seldom after oral therapy, transient 
high plasma levels of PA may induce hypotension, affecting systolic more than diastolic pressures, 
especially in hypertensive patients. Such high levels may also produce central nervous depression, 
tremor, and even respiratory depression. Plasma levels above 10 ug/mL are increasingly associated 
with toxic findings, which are seen occasionally in the 10 to 12 ug/mL range, more often in the 
12 to 15 pg/mL range, and commonly in patients with plasma levels greater than 15 pgimL. A 
single oral dose of 2 g may produce overdosage symptoms, while 3 g may be dangerous, 
especially if the patient is a stow acetyiator, has decreased renal function, or underlying organic 
heart disease. Treatment of overdosage or toxic manifestations includes general supportive 
measures, close observation, monitoring of vital signs and possibly intravenous pressor agents 
and mechanical cardiorespiratory support. If available, PA and NAPA plasma leveis may be helpful 
in assessing the potential degree of toxicity and response to therapy. Both PA and NAPA are 
removed from the circulation by hemodialysis but not peritoneal dialysis. No specific antidote for 
PA is known. 

Storage Conditions: Protect from moisture. Store bottles below 30°C {86°F}. Store unit-dose 
packages at controlled room temperature, 15°-30°C (59°-86°F). 
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prescribing, please see full prescribing information. 
riet Summary follows. 


18 prolonged administration of procainamide often leads to the development of a positive 

tinuciear. antibody (ANA) test with or without symptoms of lupus eryihematosus-like 

drome. Ifa positive ANA titer develops, the benefit/risk ratio related to continued 

procainamide therapy should be assessed. This may necessitate consideration of alternative 
arrhythmic therapy. 











IDICATIONS AND USAGE: Oral procainamide is indicated in the treatment of prernature 
Atricular contractions, ventricular tachycardia, atrial fibrillation, and paroxysmal atrial 


ONTRAINDICATIONS: Hypersensitivity to procainamide is an absolute contraindication. In this 
nnection. cross-sensitivity to procaine and related drugs must be borne in mind 
Procainamide should not be administered to patients with complete atrioventricular heart block. 
‘also contraindicated in cases of second degree and third degree AV nodal block unless an 
ctrical pacemaker is operative. 
thas been suggested that procainamide be contraindicated in patients with myasthenia gravis. 
WARNINGS: Granulocytopenia may follow the use of procainamide. and deaths from sepsis have 
curred. Leukocyte changes are most likely to occur during the first three months of therapy. 
During this time routine blood counts shouid be done at least every two weeks and thereafter at 
Nger intervals throughout maintenance procainamide therapy. Complaints of malaise and aches 
‘a filitype syndrome) are often reported in association with the granulocyte depression 
Patients should be instructed to report such symptoms promptly, as well as any soreness of 
|, throator gums, unexplained fever, or symptoms of an upper respiratory tract infection. If 
Se should occur and acomplete blood count indicates a granulocyte depression, procainamide 
erany should be discontinued immediately and appropriate treatment instituted. Recovery of 
leukocyte Count usually occurs within a few weeks 
The incidence of granulocytopenia appears to be higher with procainamide sustained-release 
Diets than with standard tablets. 
|ECAUTIONS: General — During administration of the drug, evidence of untoward myocardial 
sponses. should be carefully watched for in ali patients. In the presence of an abnormal 
Myocardium, procainamide may at times produce untoward responses. In atrial fibrilation or flutter. 
he- ventricular rate may increase suddenly as the atrial rate is slowed. Adequate digitalization 
educes, but does not abolish, this danger. If myocardial damage exists. ventricular tachysystole 
particularly hazardous. Correction of atrial fibrillation, with resultant forceful contractions of the 
jum may cause a dislodgment of mural thrombi and produce an embolic episode. However, it 
as been suggested that, in a patient who is already discharging emboli, procainamide is more 
ikely to stop than to. aggravate the process. 
Attempts to adjust the heart rate in a patient who has developed ventricular tachycardia during 
‘occlusive coronary episode should be carried out with extreme caution. Caution is also required 
Marked disturbances of atrioventricular conduction such as AY block, bundle branch block, or 
re digitalis intoxication. where the use of procainamide may result in additional depression of 
conduction and ventricular asystole or fibrillation 
-Because patients with severe organic heart disease and ventricular tachycardia may aiso have 
impiete heart block, which is difficult to diagnose under these circumstances, this complication 
ould always be kept in mind when treating ventricular arrhythmias with procainamide. Hf the 
ntrioular rate is significantly slowed by procainamide without attainment of regular atrioventricular 
duction, the.drug should be stopped and the patient reevaluated since asystole may result 
der these circumstances. 
ñ patients receiving normal dosage, but who have both liver and kidney disease, symptoms of 
dosage (principally ventricular tachycardia and severe hypotension) may occur due to drug 
ocumulation.. © 
eriaus hypotension can result from peripheral vasodilation and from decreases in cardiac 
ulput At high plasma levels, procainamide may produce sinus tachycardia due to reflex sym- 
etic response to its hypotensive effect. Large doses may increase cardiac automaticity and 
induce complete atrioventricular block, cardiac standstill, or ventricular extrasystoles that may 
eed to ventricular fibrillation. These effects on the myocardium are reflected in the elec- 
rocardiogram: a widening of the QRS complex occurs most consistently; less regularly, the P-R 
intervals are prolonged: and the ORS and T waves show some decrease in voltage. 
nuclear- antibodies (ANA) are often found in patients receiving long-term procainamide 
. The induction of ANA appears to be independent of dosage. Patients with procainamide- 
iced increases in ANA titers may develop a syndrome resembling systemic lupus 
hernatosus (SLE). The mechanism of this syndrome is uncertain. Polyarthraigia, arthritic 
ymotomns, and plauritic pain are common symptoms; to a lesser extent fever, myalgia, skin lesions, 
ral effusion, pericarditis, headache, fatigue, weakness, nausea and abdominal pain may occur. 
ses of thrombocytopenia, Coombs positive hemolytic anemia, increased SGOT, SGPT, and 
amylase have been reported which may be related to this SLE-like syndrome. 
‘ecommended that tests for systemic lupus erythematosus be carried out at regular intervals 
its receiving maintenance or prolonged procainamide therapy. The drug should be 
scontinued if there is arising ANA titer or clinical symptoms of SLE appear. The SLE-tike syndrome 
bereversible upon discontinuation of the drug. If discontinuation does not cause remission 
he symptoms, corticosteroid therapy may be effective. If the SLE-like syndrome develops ina 
recurrent life-threatening arrhythmias not controliable by other antiarrhythmic agents, 
icosteroid suppressive therapy may be used concomitantly with procainamide 
ion for Patient — Practitioners should give the following information and instructions to 
ent: ecelving Procan SR: 1. Do Aotcrush or chew these tablets. Swallow them whole. 2. Take 
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this medicine exactly as directed by your doctor. Do not miss any doses and do not take more 
medicine than ordered. Do not stop taking this medicine without first checking with your doctor = 
3. lf you miss a dese and remember within one hour or so, take it as soon as possible, Then go back 
to your reguiar dosing schedule. Do not take double doses. if you have any questions about this, 
check with your doctor. 4. Report to your doctor any flu-type symptoms, such as malaise and. 
aches, as well as any soreness of the mouth, throat or gums, unexplained fever, skin rash, unusual 
bleeding or bruising, symptoms that resemble arthritis, or symptoms of an upper respiratory tract 
infection. 5. Do not be concerned if you occasionally notice in your stool something that looks like 
atablet. In Procan SR (procainamide hydrochloride tablets). the drug is “held” in a wax core that 
has been specially designed to slowly release the drug for your body to absorb. When this process 
is completed the empty, nonabsorbable wax core, which looks nearly unchanged, is eliminated 
from your body. 6. Keep container tightly closed and store in a cool, dry place. 
Laboratory Tests — Patients receiving procainamide for extended periods of time, or in whom. 
symptoms suggestive of a fupus-like reaction appear, should have antinuclear antibody titers 
measured at regular intervals. 
Routine blood counts are advisable during maintenance procainamide therapy. See 
WARNINGS for additional information 
Plasma concentrations of procainamide and NAPA should be monitored in patients with renal 
disease, hepatic disease. cardiac failure, or low cardiac output states. à 
Drug Interactions: 1. Antiarrhythmics: Concurrent use with procainamide may result in additive 
card:ac effects and/or additive toxic effects, 2. Anticholinergics: Procainamide enhances the 
anticholinergic effects. Extreme caution must be exercised with such a combination. 3. Anti- 
cholinesterases: Procainamide antagonizes the effect of anticholinesterases in myasthenia: ` 
grav's, and paralysis returns. 4. Antihypertensives: Procainamide may potentiate the is: 
hypctensive effects of thiazide diuretics and other antihypertensive agents. Adjustment of dosage. 
may de required. 5 Histamine H, -receptor antagonists: it has been reported that histamine `. 
H,-receptor antagonists such as cimetidine and ranitidine reduce renal clearance. of 
procainamide and NAPA, resulting in higher plasma concentrations for longer durations. Caution 
shouid be exercised when administering these drugs concurrently, especially in the elderly, who: 
have a reduced ability to clear all three. Dosage modification may be required, 6. Neuromuscular 
Blocking Agents: Procainamide potentiates the effects of skeletal muscle relaxants such äs. = 
suce:nyicholine. It also may enhance or prolong the neuromuscular blocking activity of bacitracin... 
colisimethate, dihydrostreptemycin, gentamicin, gramicidin, kanamycin. neomycin, polymyxin a 
B, streptomycin, and viomycin, producing respiratory depression 
Pregnancy — Pregnancy Category C. Animal reproduction studies have not been conducted wi th 
procainamide. Itis also not known whether procainamide can cause fetal harm when administered. 
to a pregnant woman or can affect reproduction capacity. Procainamide should be given toa 
pregnant woman only if clearly needed. 8 
Nursing Mothers — Procainamide and its major metabolite, NAPA, have been identified in breast- 
milk. Caution shouid be exercised when procainamide is administered to a nursing woman. 
ADVERSE REACTIONS: Most frequent, especially with large oral doses: 1. Anorexia: 
2. Nausea: 3. Vomiting: 4. Diarrhea; 5. Urticaria: 6. Pruritus 
Less frequent: 1 Reactions in patients on long-term procainamide therapy. a. Antinuclear 
antibodies {ANA}, b. Syndrome resembling systemic lupus erythematosus (SLE) (See 
PRECAUTIONS). 2. Hypersensitivity reactions: a. Angioneurotic edema; b. Maculopapular 
rash. c. Fever: d. Eosinophilia; e. Hypergammagiobulinemia 
infrequent: 1. Granulocytopenia, sometimes resulting in death (See WARNINGS) 
2. Convulsions; 3. Psychosis with hallucinations, 4. Confusion; 5. Mental depression: 
6 Giddiness: 7. Lightheadedness: 8. Weakness; 9. Bitter taste. 
Rare: 1. Hypotension: 2. A case was reported with fever and chiis plus nausea, vomiting. 
abdominal pain, acute hepatomegaly, and a rise in serum glutamic oxaloacetic transaminase 
following a single dose of the drug. 
OVERDOSAGE: Signs and Symptoms: Severe hypotension, ventricular fibrillation, widening of 
ORS complex, junctional tachycardia, intraventricular conduction delay, oliguria, lethargy, . 
confusion, nausea, and vomiting. 
Treatment: lf ingestion is recent, emesis, activated charcoal, or gastric lavage may reduce 
absorption. Dopamine. phenylephrine. or fevarterenol may be helpful in reversing severe.” 
hypotensive responses. 
Management of overdosage includes symptomatic treatment with ECG and blood pressure 
moritoring. Procainamide toxicity can usuaily be treated, if necessary, by administering: 
vasooressors after adequate fluid volume replacement. Intravenous infusion of 1/6 molar sodium 
lactate injection reportedly reduces the cardiotoxic effects of procainamide. 
if procainamide toxicity causes severe hypotension and renal insufficiency, urinary elimination 
of procainamide and NAPA is decreased, and hemodialysis may be required. Hemodialysi 
significantly reduces the serum half-life of procainamide, and effectively removes procainamide : 
and NAPA. Peritoneal dialysis is not effective. 
it kas been reported that one patient who ingested approximately 7 grams of procainamide 
hydrochloride recovered after treatment consisting of IV jevarterenal, IV furosemide, attempieg 
volume expansion with albumin, and hemodialysis. Also reported is the case of an elderly patient 
who recovered after ingestion of approximately 19 grams of procainamide hydrochloride: The 
patient was treated with IV isoproterenol and IV epinephrine, The latter report suggested 
insertion of a ventricular pacing electrode is a reasonable precautionary measures incasi hi 
grade AV block develops 
Storage Conditions: Protect from moisture, Store bottles below 30°C.(86°F). Store. unit 
packages a! controlled room temperature. 19°-30°C (59°-BOF}: 
Caution — Federal law prohibits dispensing without prescription. 
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697 
sefulness of Color Doppler Flow Imaging to 


Michael R. Harrison, Blair MacPhail, John C. Gurley, Edward 
‘Harlamert, Joseph E. Steinmetz, Mikel D. Smith, and 
thony N. DeMaria 


Ne evaluated the results of color Doppler flow imaging per- 
formed in 14 patients with recent myocardial infarction, hemo- 
dynamic instability and a new systolic murmur. Color flow 


ntricular septal defect. In addition, color flow imaging accu- 
tely localized the defect and differentiated it from mitral 
regurgitation. 


702. 
Limitations of a Conventional Logistic Regression 
Model Based on Left Ventricular Fraction in 
Predicting Coronary Events After Myocardial Infarction 
Jeffrey W. Work, John G. Ferguson, and George A. Diamond 





The clinical utility of conventional logistic regression models 
based on left ventricular ejection fraction for the prediction of 
rdiac events was assessed in 646 patients who had an infarc- 
ion: Although LVEF at rest provided a significant amount of 
rognostic information, such observations should not be inter- 
‘eted in isolation of other clinical findings just because they 
ave been identified as “important” by some statistical 


the Application of 
Diagnosis and Treatment of 
A a Atter Anterior Wall Acute Myocardial 


am S. Weintraub and Hisham A. Ba’albaki 


We developed a model for the diagnosis and treatment of mu- 

‘ral thrombi after anterior wall myocardial infarction. Our 
‘model considers the incidence and potential for embolism of 
‘mural thrombi, and permits the application of echocardiogra- 
phy and long-term anticoagulation therapy to be considered 
within the framework of formal decision analysis. 


717 

Effects of Diltiazem Alone or with Isosorbide Dinitrate 
or with Atenolol Both Acutely and Chronically for = — 
Stable Angina Pectoris 

Hassan El-Tamimi, Graham J. Davies, Juan-Carlos Kaski, 


Margarita Vejar, Alfredo R. Galassi, and Attilio Maseri, with 


the technical assistance of Christine O'Sullivan and 
Trudy Lowe 


We studied the short- and long-term effects of diltiazem, and 
the additive effects of sublingual isosorbide dinitrate and aten 
olol, in 11 patients with chronic angina pectoris. Short-term 
diltiazem increased the ischemic threshold by an extent simila 
to that of short-term nitrates, whereas long-term diltiazem im 
proved exercise time by a combination of increased myocardial 
oxygen supply and reduced demand. The addition of atenolol ; 
did not further improve exercise time. 


725 3 oe a tice A ES 
Effect of a Modified, Well-Tolerated Niacin Regimen on 
Serum Total Cholesterol, High Density Li 
Cholesterol and the Cholesterol to High Density 
Lipoprotein Ratio 2 
James D. Alderman, Richard C. Pasternak, Frank M: Sacks, 
Harton S. Smith, E. Scott Monrad, and Wiliam Grossman. 


To improve patient compliance, we administered niacin at low 

dosages (100 to 250 mg twice a day) and gradually increased 
these dosages over 4 to 8 weeks. When side effects developed, ` 
the patients were switched to a sustained-release preparation 


or had their dosage lowered. This regimen reduced total cho- 


lesterol by 13%, increased HDL cholesterol by 31% and de- 
creased the cholesterol to HDL ratio by 32% in our. 101 pa- 
tients. When administered as reported, niacin was well tolerat 7 
ed, inexpensive and extremely effective. 


730 SE nea eo ene WE ERTIES 
Usefulness of Esophageal PIE Eiscweds Atrial Esch ae 
with Quantitative Two-Dimensional Echocardiography 
Ray V. Matthews, Richard J. Haskell, Leonard E. Ginzton, 
and Michael M. Laks 


Twenty-six patients underwent pill electrode atrial pacing 


(with quantitative 2-dimensional echocardiography) and also 
underwent treadmill testing and angiography. The predictive 
accuracy of atrial pacing-induced changes in ejection fraction 
and pressure volume ratio was similar to that of treadmill test- 


ing. In patients who cannot exercise, this type of pacing may be = 


a useful noninvasive method to assess coronary artery disease. 
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Men with Coronary Artery Disease 
Nancy A. Wilke, Lois M. Sheldahl, Scot G. Levandoski, 
Martin D. Hoffman, and Felix E. Tristani 


This study compares the hemodynamic and metabolic re- 
sponses to similar workloads using handgrip and weight carry- 
ing tests, and evaluates the clinical merits of each response for 
advising cardiac patients on resuming common static and stat- 
ic-dynamic activities of daily living. The weight carrying test 
emerged as providing more useful information than the hand- 
grip test. 


ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


MOON ar a a es ie a 
Electrode Pad Size, Transthoracic Impedance and 
Success of External Ventricular Defibrillation 

Gavin W.N. Dalzell, Stephen R. Cunningham, John Anderson, 
and A.A. Jennifer Adgey 


We used self-adhesive, dual function electrocardiogram-defi- 
brillator pads to assess the effect of electrode pad size on defi- 
brillation success. After using low energy shocks of 200 J in 
123 cardiac arrests due to primary ventricular fibrillation, we 
determined that larger pads are associated with a lower trans- 
thoracic impedance and improved defibrillation success rates. 


SYSTEMIC HYPERTENSION 








745 
Improvement of Diastolic Function After Reversal of 
Left Ventricular Hypertrophy Induced by Long-Term 
Antihypertensive Treatment with Tertatolo! 

Bruno Trimarco, Nicola De Luca, Giovanni Rosiello, Bruno 
Ricciardelli, Sandro Betocchi, Pasquale Perrone Filardi, 
Massimo Raponi, and Mario Condorelli 





We assessed the effects of reversal of left ventricular hypertro- 
phy on systolic and diastolic function in 15 hypertensive pa- 
tients who responded favorably to tertatolol, a nonselective $- 
blocking agent, in a 4-phase study (control, blood pressure nor- 
malization, reversal of LV hypertrophy and 1-month washout). 
Our results show that LV hypertrophy contributes to LV dia- 
stolic dysfunction in hypertensive patients because its reversal 
can improve diastolic filling, and that tertatolol improves dia- 
stolic function independently from its effect on LV mass. 


752 Beata te a 
Importance of Overweight in Studies of Left Ventricular 
Hypertrophy and Diastolic Function in Mild Systemic 


Brent Egan, M. Andrew Fitzpatrick, Jack Juni, 
Andrew J. Buda, and Andrew Zweifler 


Left ventricular wall thickness, muscle mass, diastolic function 
and forearm vasodilator reserve was assessed in 18 mildly hy- 
pertensive patients and 13 normotensive control subjects. No 
significant group differences were identified for any of the in- 
dexes of cardiovascular injury. Nevertheless, our data indicate 
that relative weight is an important determinant of diastolic 
function and LV dimensions. 


Weight Carrying Versus Handgrip Exercise Testing in 
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Usefulness of the Doppler Mean Gradient in Evaluation 
of Children with Aortic Valve Stenosis and Comparison 
to Gradient at Catheterization 

A. Resai Bengur, A. Rebecca Snider, Gerald A. Serwer, 

Jane Peters, and Amnon Rosenthal 





Thirty-three children with aortic stenosis underwent 2-dimen- 
sional and Doppler echocardiography before catheterization. 
The clinical decision for intervention was based on a catheter- 
ization peak-to-peak pressure gradient >75 mm Hg or be- 
tween 50 and 75 mm Hg in the presence of symptoms or an 
abnormal exercise test result. All children with a Doppler 
mean gradient >27 mm Hg had a catheterization. peak-to- 
peak pressure 275 mm Hg and thus required intervention. All 
children with a Doppler gradient <17 mm Hg had a catheter- .” 
ization pressure <50 mm Hg and did not require intervention. 
The children with Doppler mean gradients between 17-and 27 > 
mm Hg formed an intermediate group in whom Doppler data 
alone were not sufficient to predict the need for intervention. ©. 
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Predictors of Rhythm Disturbances and Subsequent 
Morbidity After the Fontan Operation 

Howard S. Weber, William E. Hellenbrand, Charles S. 
Kleinman, Robin A. Perlmutter, and Lynda E. Rosenfeld 





We retrospectively reviewed the electrocardiographic, hemo- 
dynamic and surgical data of 23 patients who underwent a 
Fontan operation to identify the predictors of rhythm distur- 
bances and subsequent morbidity. The preoperative ECG re ~~ 
vealed greater abnormalities in atrial conduction in patients 
who developed postoperative arrhythmias. The appearance of 
an immediate arrhythmia also predicted late arrhythmias. We 
noted a continuous decline in the percentage of arrhythmia- 
free patients with long-term follow-up. 


768 
Occurrence of Congenital Heart Defects in Siblings of 
Patients with Univentricular Heart and Tricuspid 
Atresia 

Thomas J. Weigel, David J. Driscoll, and Virginia V. Michels 





We determined the occurrence risk of congenital heart defects 
for siblings of 189 patients with univentricular heart and 96 
patients with tricuspid atresia. The risk was 2.8 and 1%, re- 
spectively. Parents of children with univentricular heart should’ ” 
be counseled that the risk of occurrence of congenital heart. 
disease in a future child ranges from 1 to 5%, depending on the _ 

type and complexity of the anomaly. 
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Differing Responses in Right and Left Ventricular 
Filling, Loading and Volumes During Positive End- 
Expiratory Pressure y ; ere 
Douglas S. Schulman, James W. Biondi, Richard A. Matthay 
Barry L. Zaret, and Robert Soufer -` oe ee 












We evaluated 20 patients with varied ventricular function dur- 
ing positive end-expiratory pressure (PEEP) application. Our 
results indicate that the hemodynamic response to PEEP is 
heterogenous. When PEEP is used in patients with coronary 
artery disease and severely depressed biventricular function, 
N: volume may increase, LV ejection fraction may decrease 
and filling may worsen. 


Quantitative Arteriographic Responses to Ergonovine 
Provocation in Subjects with Atypical Chest Pain 
Brian-P, Kimball, Victor LiPreti, and Harold E. Aldridge 


The nonspecific vasoconstrictor response to intravenous ergo- 
novine was evaluated in patients with atypical precordial dis- 
comfort, We observed a dose-dependent progressive decrease 

coronary diameter. Among women, the vasoconstrictor re- 
sponse was enhanced. Minor luminal irregularities on initial 
angiography resulted in more ergonovine-induced coronary 


ms of the Metabolic Rate Meter for Measuring 
‘Consumption and Cardiac Output 
dA. Lange, Gregory J. Dehmer, Peter J. Wells, 
David A. Tate, Avanindra Jain, Eduardo D. Flores, 
Timothy.C. Nichols, and L. David Hillis 


e assessed the accuracy of the metabolic rate meter by using 
to quantitate oxygen consumption during measurement of 
cardiac output by thermodilution and the Fick method in 40 
tients at the time of catheterization. The values for oxygen 
consumption and cardiac output obtained with the meter were 
lower than actual values. In addition, the metabolic rate meter 
was less accurate than the Douglas bag. 


I 8 Rt te 
Noninvasive Assessment of Central Circulatory 
Pressures by Analysis of Ear Densitographic Changes 
During the Vaisalva Maneuver 

Luciano Bernardi, Riccardo Saviolo, and David H. Spodick 


We monitored the ear densitogram during the Valsalva ma- 
neuver in 21 patients with various degrees of myocardial func- 
on to evaluate the quantitative relations between the pattern 
of response and the central circulatory pressures, The indexes 
ined. by pulse amplitude and interval changes during the 
n phase of the Valsalva maneuver constitute a new and 
mising method for noninvasive evaluation of left ventricular 
filling pressures. 


793 So ee ee 
Measurement of Cardiac Output Noninvasively During 
Surgery Using a New Continuous-Wave Doppler 
Esophageal Probe 
Anil Kumar, Shinichi Minagoe, Duraiyah Thangathurai, Maged 
Mikhail, Dennis Novia, John F. Viljoen, Shahbudin H. 
Rahimtoola, and P. Anthony N. Chandraratna 


We compared cardiac output determined by a new continuous- 
wave Doppler esophageal probe with simultaneously measured 
thermodilution cardiac output in 14 patients. The average | 
thermodilution and Doppler cardiac outputs were 5.90: + 3.27. 
and 6.21 + 4.0 liters/min, respectively, with a difference ‘of 
1.38 + 2.2 liters/min between the 2 techniques. Thus, ‘use of 
the new probe for hemodynamic monitoring during surgery i in 
selected patients is feasible. 
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Ambulatory Electrocardiographic Findings in 
Out-of-Hospital Cardiac Arrest Secondary to 
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Detection of Diastolic Atrioventricular Valvular 
Regurgitation by “M-Mode” Color Doppler 
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Coronary Artery Disease in Patients 35 Years of Age 
or Older with Valvular Aortic Stenosis 
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Hanoch Menkes, and Ido Tamari 
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PEER Reversible Spasm in an internal 
Mammary Artery Graft Causing Acute Myocardial 
Infarction 

Gregg W. Stone and Geoffrey O. Hartzler 
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; Fistula After Myocardial Infarction 
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Diffuse Coronary Vaaia. ‘and Accelerated 
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Ostia in the Aorta 
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The benefit of antianginal 
protection plus safety... 






CTRDIZEM: A FULLER LIFE 


diltiazem HCI/Marion 9. markabte safety profile 


The low incidence of side effects with Cardizem allows patients to feel better. 


Protection against angina attacks'*’° 
The predictable efficacy of Cardizem in stable exertional* and vasospastic 
angina allows patients to do more. 








y A decrease in myocardial oxygen demand 
Resulting from a lowered heart rate-blood pressure product.* 
6 À Compatible with other antianginals*' 
Safe in angina with coexisting hypertension, 
Q COPD, asthma, or PVD'*** 


*CARDIZEM® (diltiazem HCI) is indicated in the treatment of angina pectoris due to coronary artery spasm and in the 
management of chronic stable — (classic effort-associated angina) in patients who cannot tolerate therapy with 
beta-blockers and/or nitrates or who remain symptomatic despite adequate doses of these agents. 





‘See Warnings and Precautions. 
Please see brief summary of prescribing information on the next page. 1419H8 
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Usual maintenance dosage range: 180-360 mg/day 


BRIEF SUMMARY 

Professional Use Information 
CARDIZEM® 

(diltiazem HCI) 

30 mg, 60 mg, 90 mg and 120 mg Tablets 


CONTRAINDICATIONS 

CARDIZEM is contraindicated in (1) patients with sick sinus 
syndrome except in the presence of a functioning ventricular 
pacemaker, (2) patients with second- or third-degree AV block 
except in the presence of a functioning ventricular pacemaker, (3) 
patients with hypotension (less than 90 mm Hg systolic), (4) 
patients who have demonstrated hypersensitivity to the drug, 
and (5) patients with acute myocardial infarction and 
pulmonary congestion documented by x-ray on admission. 
WARNINGS 

1. Cardiac Conduction. CARDIZEM prolongs AV node 
refractory periods without significantly prolonging sinus 
node recovery time, except in patients with sick sinus 
syndrome. This effect may rarely result in abnormally slow 
heart rates (particularly in patients with sick sinus 
syndrome) or second- or third-degree AV block (six of 1,243 
patients for 0.48%). Concomitant use of diltiazem with 
beta-blockers or digitalis may result in additive effects on 
cardiac conduction. A patient with Prinzmetal's angina 
developed periods of asystole (2 to 5 seconds) after a 
single dose of 60 mg of diltiazem. 

2. Congestive Heart Failure. Although diltiazem has a 
negative inotropic effect in isolated animal tissue 
preparations, hemodynamic studies in humans with 
normal ventricular function have not shown a reduction 
in cardiac index nor consistent negative effects on 
contractility (dp/dt). Experience with the use of CARDIZEM 
alone or in combination with beta-blockers in patients 
with impaired ventricular function is very limited. Caution 
should be exercised when using the drug in such patients. 

3. Hypotension. Decreases in blood pressure associated 
with CARDIZEM therapy may occasionally result in 
symptomatic hypotension. 

4. Acute Hepatic Injury. In rare instances, significant 
elevations in enzymes such as alkaline phosphatase, LDH, 
SGOT, SGPT, and other phenomena consistent with acute 
hepatic injury have been noted. These reactions have 
been reversible upon discontinuation of drug therapy. The 
relationship to CARDIZEM is uncertain in most cases, but 
probable in some. (See PRECAUTIONS.) 

PRECAUTIONS 

General. CARDIZEM (diltiazem hydrochloride) is extensively 
metabolized by the liver and excreted by the kidneys and in 
bile. As with any drug given over prolonged periods, laboratory 
parameters should be monitored at regular intervals. The drug 
should be used with caution in patients with impaired renal or 
hepatic function. In subacute and chronic dog and rat studies 
designed to produce toxicity, high doses of diltiazem were 
associated with hepatic damage. In special subacute hepatic 
studies, oral doses of 125 mg/kg and higher in rats were 
associated with histological changes in the liver which were 
reversible when the drug was discontinued. In dogs, doses of 
20 mg/kg were also associated with hepatic changes; however, 
these changes were reversible with continued dosing. 

Dermatological events (see ADVERSE REACTIONS section) 
may be transient and may disappear despite continued use of 
CARDIZEM. However, skin eruptions progressing to erythema 
multiforme and/or exfoliative dermatitis have also been 
infrequently reported. Should a dermatologic reaction persist, 
the drug should be discontinued. 

Drug Interaction. Due to the potential for additive effects, 
caution and careful titration are warranted in patients receiving 
CARDIZEM concomitantly with any agents known to affect 
cardiac contractility and/or conduction. (See WARNINGS.) 

Pharmacologic studies indicate that there may be additive 
effects in prolonging AV conduction when using beta-blockers or 
digitalis concomitantly with CARDIZEM. (See WARNINGS.) 

As with all drugs, care should be exercised when treating 
patients with multiple medications. CARDIZEM undergoes bio- 
transformation by cytochrome P-450 mixed function oxidase. 





Coadministration of CARDIZEM with other agents which follow 

the same route of biotransformation may result in the competi- 
tive inhibition of metabolism. Dosages of similarly metabolized 
drugs, particularly those of low therapeutic ratio or in patients 

with renal and/or hepatic impairment, may require adjustment 

when starting or stopping concomitantly administered CARDIZEM 
to maintain optimum therapeutic blood levels. 

Beta-blockers: Controlled and uncontrolled domestic studies 
suggest that concomitant use of CARDIZEM and beta-blockers 
or digitalis is usually well tolerated. Available data are not 
sufficient, however, to predict the effects of concomitant 
treatment, particularly in patients with left ventricular 
dysfunction or cardiac conduction abnormalities. 

Administration of CARDIZEM (diltiazem hydrochloride) 
concomitantly with propranolol in five normal volunteers 
resulted in increased propranolol levels in all subjects and 
bioavailability of propranolol was increased approximately 50% 
If combination therapy is initiated or withdrawn in conjunction 
with propranolol, an adjustment in the propranolol dose may 
be warranted. (See WARNINGS.) 

Cimetidine: A study in six healthy volunteers has shown a 
significant increase in peak diltiazem plasma levels (58%) and 
area-under-the-curve (53%) after a one-week course of cimetidine 
at 1,200 mg per day and diltiazem 60 mg per day. Ranitidine 
produced smaller, nonsignificant increases. The effect may be 
mediated by cimetidine's known inhibition of hepatic cytochrome 
P-450, the enzyme system probably responsible for the first-pass 
metabolism of diltiazem. Patients currently receiving diltiazem 
therapy should be carefully monitored før a change in 
pharmacological effect when initiating and discontinuing 
therapy with cimetidine. An adjustment in the diltiazem dose 
may be warranted. 

Digitalis: Administration of CARDIZEM with digoxin in 24 
healthy male subjects increased plasma digoxin concentrations 
approximately 20%. Another investigator found no increase in 
digoxin levels in 12 patients with coronary artery disease. Since 
there have been conflicting results regarding the effect of digoxin 
levels, it is recommended that digoxin levels be monitored when 
initiating, adjusting, and discontinuing CARDIZEM therapy to 
avoid possible over- or under-digitalization. (See WARNINGS.) 

Anesthetics: The depression of cardiac contractility, 
conductivity, and automaticity as well as the vascular dilation 
associated with anesthetics may be potentiated by calcium 
channel blockers. When used concomitantly, anesthetics and 
calcium blockers should be titrated carefully. 

Carcinogenesis, Mutagenesis, Impairment of Fertility. A 
24-month study in rats and a 21-month study in mice showed 
no evidence of carcinogenicity. There was also no mutagenic 
response in in vitro bacterial tests. No intrinsic effect on fertility 
was observed in rats. 

Pregnancy. Category C. Reproduction studies have been con- 
ducted in mice, rats, and rabbits. Administration of doses ranging 
from five to ten times greater (on a mg/kg basis) than the daily 
recommended therapeutic dose has resulted in embryo and 
fetal lethality. These doses, in some studies, have been reported 
to cause skeletal abnormalities. In the perinatal/postnatal 
studies, there was some reduction in early individual pup 
weights and survival rates. There was an increased incidence 
of stillbirths at doses of 20 times the human dose or greater. 

There are no well-controlled studies in pregnant women; 
therefore, use CARDIZEM in pregnant women only if the potential 
benefit justifies the potential risk to the fetus. 

Nursing Mothers. Diltiazem is excreted in human milk. One 
report suggests that concentrations in breast milk may approxi- 
mate serum levels. If use of CARDIZEM is deemed essential, an 
alternative method of infant feeding should be instituted. 

Pediatric Use. Safety and effectiveness in children have not 
been established. 

ADVERSE REACTIONS 

Serious adverse reactions have been rare in studies carried 
out to date, but it should be recognized that patients with 
impaired ventricular function and cardiac conduction abnormali- 
ties have usually been excluded. 
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In domestic placebo- “controlled trials, the incidence of adverse 
reactions reported during CARDIZEM therapy was not greater 
than that reported during placebo therapy. 

The following represent occurrences observed in clinical 
studies which can be at least reasonably associated with the 
pharmacology of calcium influx inhibition. In many cases, the 
relationship to CARDIZEM has not been established. The most 
common occurrences as well as their frequency of presentation 
are: edema (2.4%), headache (2.1%), nausea (1.9%), dizziness 
(1.5%), rash (1.3%), asthenia (1.2%). In addition, the following 
events were reported infrequently (less than 1%): 
Cardiovascular Angina, arrhythmia, AV block (first degree), 
AV block (second or third degree—see 
conduction warning), bradycardia, 
congestive heart failure, flushing, 
hypotension, palpitations, syncope. 
Amnesia, depression, gait abnormality, 
hallucinations, insomnia, nervousness, 
paresthesia, personality change, 
somnolence, tinnitus, tremor. 

Anorexia, constipation, diarrhea, 

dysgeusia, dyspepsia, mild elevations of 

alkaline phosphatase, SGOT, SGPT, and 

LDH (see hepatic warnings), vomiting, 

weight increase. 

Petechiae, pruritus, photosensitivity, 

urticaria. 

Other. Amblyopia, CPK elevation, dyspnea, 
epistaxis, eye irritation, hyperglycemia, 
nasal congestion, nocturia, osteoarticular 
pain, polyuria, sexual difficulties. 

The following postmarketing events have been reported 
infrequently in patients receiving CARDIZEM. alopecia, gingival 
hyperplasia, erythema multiforme, and leukopenia. However, a 
definitive cause and effect between these events and CARDIZEM 
therapy is yet to be established. 
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References: 1. Schroeder JS: Mod Med 1982;50(Sept):94- 
116. 2. Cohn PF. Braunwald È Chronic ischemic heart 
disease, in Braunwald E (ed): Heart Disease: A Textbook of 
Cardiovascular Medicine, ed 2. Philadelphia, WB Saunders 
Co, 1984, chap 39. 3. O'Rourke RA: Am J Cardiol 
1985;56:34H-40H. 4. McCall D, Walsh RA, Frohlich ED, 
et al: Curr Probl Cardiol 1985; 10(8):6-80. 5. Frishman WH. 
Charlap S, Goldberger J, et al: Am J Cardiol 1985;56:41H- 
46H. 6. Shapiro W: Consultant 1984;24(Dec): 150-159. 

7. O'Hara MJ, Khurmi NS, Bowles MJ, et al: Am J Cardiol 
1984;54:477-481. 8. Strauss WE, Mcintyre KM, Parisi AF 
et al: Am J Cardiol 1982; 49:560-566. 9. Feldman RL, 
Pepine CJ, Whittle J, et al: Am J Cardiol 1982;49:554-559. 





aaam 






The world leader in DDD pacing introduces DDDR. 


Sensor-Controlled 









And for 80-year-old Charles 
Linfesty, D.D.S., who lifts weights, 
exercises on a stationary cycle, 
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With Synchrony, bradycardia 
pacing therapy will never be 
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Usefulness of Color Doppler Flow Imaging to Distinguish 
Ventricular Septal Defect from Acute Mitral Regurgitation 
Complicating Acute Myocardial Infarction 

Michael R. Harrison, Blair MacPhail, John C. Gurley, Edward A. 
Harlamert, Joseph E. Steinmetz, Mikel D. Smith, and 

Anthony N. DeMaria 


We evaluated the results of color Doppler flow imaging performed in 14 
patients with recent myocardial infarction, hemodynamic instability and a 
new systolic murmur. All patients underwent cardiac catheterization for 
definitive diagnosis, which proved to be ventricular septal defect (VSD) in 
7 and acute mitral regurgitation in 7. In these 14 patients, color flow 
imaging was 100% accurate for the presence or absence of VSD. Color 
flow imaging localized the septal defect to the apical septum (3), inferior 
septum (3) or both inferior and apical septal regions (1), and was 100% 
concordant for location compared with cineangiography, surgery and 
conventional Doppler echocardiographic techniques. Color flow imaging 
was accurate in identifying the presence and location of acute VSD com- 
plicating myocardial infarction, and accurately differentiated VSD from 
mitral regurgitation. Color flow imaging provides safe, rapid diagnosis of 
VSD complicating acute infarction, and may alleviate the need for preop- 
erative diagnostic right-sided heart catheterization and cine left ventric- 
ulography in these seriously ill patients. 


vf | «ie a eee ah Os Ee ete ee 
Limitations of a Conventional Logistic Regression Model Based 
on Left Ventricular Ejection Fraction in Predicting Coronary 
Events After Myocardial Infarction 

Jeffrey W. Work, John G. Ferguson, and George A. Diamond 


We assessed the clinical utility of conventional logistic regression models 
based on left ventricular ejection fraction (LVEF) for the prediction of 
cardiac events in 646 postinfarction patients. Although LVEF at rest 
provided a significant amount of prognostic information, (1) extreme 
values that served as powerful predictors of risk were uncommon; (2) the 
accuracy of predictions for high risk patients was less than for low risk 
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The only beta blocker 
as effective as quinidine 


without quinidine complications. 


In randomized, double-blind crossover studies,’? Sectral® (acebutolol HCl) 
was shown to be as effective as quinidine in reducing spontaneous 
premature ventricular contractions (PVCs), exercise-induced PVCs and 
complex PVCs* Unlike quinidine, Sectral® was not associated with drug- 
related gastric discomfort or diarrhea.'? Clinical experience in over 1,000 
patients yielded only a 4 percent incidence of diarrhea, constipation or 
flatulence. 


As the investigators commented: “The antiarrhythmic activity of (Sectral®), 
its ancillary pharmacologic properties, and its tolerance by a diverse 
group of patients make (Sectral®) a significant tool for the clinician in the 
management of chronic arrhythmia.”? 


Like other beta blockers, Sectral® is contraindicated in persistently severe 
bradycardia, second- and third-degree heart block, overt congestive 
heart failure and cardiogenic shock. 


Initiate Sectral® therapy with 200 mg b.i.d. Dosage can be increased 
gradually until optimal response is obtained, generally between 600 mg 
to 1200 mg per A 


Please see br 
*Sectral® is 






summary on adjacent page. 
-atedfor ventricular tachycardia. 
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acebutolol HCI 


For uncomplicated control of PVCs. 


(Brief summary of prescribing information) 


CONTRAINDICATIONS: SECTRAL is contraindicated in: 1) persistently severe bradycardia; 
2)second- and third-degree heart block; 3) overt cardiac failure; and 4) cardiogenic shock. (See 
WARNINGS) 

WARNINGS: CARDIAC FAILURE: Sympathetic stimulation may be essential for support of the 
circulation in individuals with diminished myocardial contractility, and its inhibition by B - 
adrenergic receptor blockade may precipitate more severe failure. Although B -blockers should be 
avoided in overt cardiac failure, SECTRAL can be used with caution in patients with a history of 
heart failure who are controlled with digitalis and/or diuretics. Both digitalis and SECTRAL 
impair AV conduction. If cardiac failure persists, therapy with SECTRAL should be withdrawn. 
IN PATIENTS WITHOUT A HISTORY OF CARDIAC FAILURE: In patients with aortic or mitral 
valve disease or compromised left ventricular function, continued depression of the myocardium 
with B -blocking agents over a period of time may lead to cardiac failure. At the first signs of 
failure, patients should be digitalized and/or be given a diuretic and the response observed 
closely. If cardiac failure continues despite adequate digitalization and/or diuretic, SECTRAL 
therapy should be withdrawn. 

EXACERBATION OF ISCHEMIC HEART DISEASE FOLLOWING ABRUPT WITHDRAWAL: 
Following abrupt cessation of therapy with certain B-blocking agents in patients with coronary 
artery disease, exacerbation of angina pectoris and, in some cases, myocardial infarction and 
death have been reported. Therefore, such patients should be cautioned against interruption of 
therapy without a physician's advice. Even in the absence of overt ischemic heart disease, when 
discontinuation of SECTRAL is planned, the patient should be carefully observed, and should be 
advised to limit physical activity to a minimum while SECTRAL is gradually withdrawn over a 
period of about two weeks. (If therapy with an alternative B-blocker is desired, the patient may be 
transferred directly to comparable doses of another agent without interruption of B-blocking 
therapy). If an exacerbation of angina pectoris occurs, anti-anginal therapy should be restarted 
immediately in full doses and the patient hospitalized until his condition stabilizes. 

PERIPHERAL VASCULAR DISEASE: Treatment with B-antagonists reduces cardiac output and 
can precipitate or aggravate the symptoms of arterial insufficiency in patients with peripheral or 
mesenteric vascular disease. Caution should be exercised with such patients and they should be 
observed closely for evidence of progression of arterial obstruction. 

BRONCHOSPASTIC DISEASES: PATIENTS WITH BRONCHOSPASTIC DISEASE SHOULD, IN 
GENERAL, NOT RECEIVE AB-BLOCKER. Because of its relative B ,-selectivity, however, low 
doses of SECTRAL may be used with caution in patients with bronchospastic disease who do not 
respond to, or who cannot tolerate, alternative treatment. Since B ,-selectivity is not absolute and 
is dose-dependent, the lowest possible dose of SECTRAL should be used initially, preferably in 
divided doses to avoid the higher plasma levels associated with the longer dose-interval. A 
bronchodilator, such as a theophylline or a 8 stimulant, should be made available in advance 
with instructions concerning its use. 


ANESTHESIA AND MAJOR SURGERY: The necessity, or desirability, of withdrawal of a B- 
blocking therapy prior to major surgery is controversial. B -adrenergic receptor blockade impairs 
the ability of the heart to respond to B -adrenergically mediated reflex stimuli. While this might be of 
benefit in preventing arrhythmic response, the risk of excessive myocardial depression during 
general anesthesia may be enhanced and difficulty in restarting and maintaining the heartbeat has 
been reported with beta-blockers. If treatment is continued, particular care should be taken when 
using anesthetic agents which depress the myocardium, such as ether, cyclopropane and 
trichlorethylene, and it is prudent to use the lowest possible dose of SECTRAL. SECTRAL, like 
other B -biockers, is a competitive inhibitor of B-receptor agonists and its effect on the heart can be 
reversed by cautious administration of such agents (e.g., dobutamine or isoproterenol—see 
OVERDOSE). Manifestations of excessive vagal tone (e.g., profound bradycardia, hypotension) 
may be corrected with atropine 1 to 3 mg i.v. in divided doses. 

DIABETES AND HYPOGLYCEMIA: B -blockers may potentiate insulin-induced hypoglycemia and 
mask some of its manifestations such as tachycardia; however, dizziness and sweating are usually 
not significantly affected. Diabetic patients should be warned of the possibility of masked 
Bypogivcema. 

THYROTOXICOSIS: B -adrenergic blockade may mask certain clinical signs (tachycardia) of 
hyperthyroidism. Abrupt withdrawal of B -blockade may precipitate a thyroid storm; therefore, 
patients suspected of developing thyrotoxicosis from whom SECTRAL therapy is to be withdrawn 
should be monitored closely. 

PRECAUTIONS: IMPAIRED RENAL OR HEPATIC FUNCTION: Studies on the effect of acebutolol 
in patients with renal insufficiency have not been performed in the U.S. Foreign published 
experience shows that acebutolol has been used successfully in chronic renal insufficiency. 
Acebutolol is excreted through the G.I. tract, but the active metabolite, diacetolol, is eliminated 
predominantly by the kidney. There is a linear relationship between renal clearance of diacetolol 
and creatinine clearance. Therefore, the daily dose of acebutolol should be reduced by 50% when 
the creatinine clearance is less than 50 mL/min and by 75% when it is less than 25 mL/min, 
SECTRAL should be used cautiously in patients with impaired hepatic function. 

SECTRAL has been used successfully and without problems in elderly patients in the U.S. 
clinical trials without specific adjustment of dosage. However, elderly patients may require lower 
maintenance doses because the bioavailability of both SECTRAL and its metabolite are 
approximately doubled in this age group. 

CLINICAL LABORATORY FINDINGS: SECTRAL, like other B-blockers, has been associated with 
the development of antinuclear antibodies (ANA). In prospective clinical trials, patients receiving 
SECTRAL had a dose dependent increase in the development of positive ANA titers and the overall 
incidence was higher than that observed with propranolol. Symptoms (generally persistent 
arthralgias and myalgias) related to this laboratory abnormality were infrequent (less than 1% with 
both drugs). Symptoms and ANA titers were reversible upon discontinuation of treatment. 
INFORMATION FOR PATIENTS: Patients, especially those with evidence of coronary artery 
disease, should be warned against interruption or discontinuation of SECTRAL therapy without a 
physician's supervision, Although cardiac failure rarely occurs in properly selected patients, those 
being treated with B-adrenergic blocking agents should be advised to consult a physician if they 
develop signs or symptoms suggestive of impending CHF, or unexplained respiratory symptoms. 

Patients should also be warned of possible severe hypertensive reactions from concomitant use 
of a-adrenergic stimulants such as the nasal decongestants commonly used in OTC cold 
preparations and nasal drops. 


DRUG INTERACTIONS: Catecholamine-depleting drugs, such as reserpine, may have an 
additive effect when given with B-blocking agents. Patients treated with SECTRAL plus 
catecholamine depletors should, therefore, be observed closely for evidence of marked 
bradycardia or hypotension which may present as vertigo, syncope/pre-syncope, or ortho- 
static changes in blood pressure without compensatory tachycardia. Exaggerated hypertensive 
responses have been reported from the combined use of B-adrenergic antagonists and a- 
adrenergic stimulants, including those contained in proprietary cold remedies and vaso- 
constrictive nasal drops. Patients receiving 8-blockers should be warned of this potential 
hazard. No significant interactions with digoxin, hydrochlorothiazide, hydralazine, 
sulfinpyrazone, oral contraceptives, tolbutamide or warfarin have been observed. 


CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Chronic oral toxicity 
studies in rats and mice, employing dose levels as high as 300 mg/kg/day, which is equivalent 
to 15 times the maximum recommended (60 kg) human dose, did not indicate a carcinogenic 
potential for SECTRAL (acebutolol HCI). Diacetolol, the major metabolite of SECTRAL in man, 
was without carcinogenic potential in rats when tested at doses as high as 1800 mg/kg/day. 
SECTRAL and diacetolol were also shown to be devoid of mutagenic potential in the Ames 
Test. SECTRAL, administered orally to two generations of male and female rats at doses of up 
to 240 mg/kg/day [equivalent to 12 times the maximum recommended therapeutic dose in (a 
60 kg) man] and diacetolol, administered to two generations of male and female rats at doses 
of up to 1000 mg/kg/day, had no significant impact on reproductive performance or fertility. 
TERATOGENIC EFFECTS: Pregnancy Category B: Reproduction studies have been 
performed with SECTRAL in rats and rabbits at doses of up to 60 mg/kg/day, the equivalent of 
3 times the maximum recommended therapeutic dose in (a 60 kg) man. Studies have also been 
performed in these species with diacetolol (at doses of up to 450 mg/kg/day in rabbits and up 
to 1800 mg/kg/day in rats). Other than a significant elevation in postimplantation loss with 450 
mg/kg/day diacetolol, a level at which food consumption and body weight gain was reduced in 
rabbit dams and a non-statistically significant increase in incidence of bilateral cataract in rat 
fetuses from dams treated with 1800 mg/kg/day diacetolol, there was no evidence of harm to 
the fetus with either drug. There are no adequate and well-controlled trials in pregnant women 
in the U.S.; however, studies have shown that both acebutolol and diacetolol cross the placenta. 
Because animal teratology studies are not always predictive of the human response, SECTRAL 
should be used during pregnancy only if the potential benefit justifies the risk to the fetus. 
Labor and Delivery: The effect of SECTRAL on labor and delivery in pregnant women is 
unknown. Studies in animals have not shown any effect of SECTRAL on the usual course of 
labor and delivery. 
Nursing Mothers: Acebutolol and diacetolol also appear in breast milk with a milk:plasma ratio 
of 7.1 and 12.2, respectively. Use in nursing mothers is not recommended. 
Pediatric Use: Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS: SECTRAL is well tolerated in properly selected patients. Most adverse 
reactions have been mild, not required discontinuation of therapy, and tended to decrease as 
duration of treatment increases. 

The following table shows the frequency of treatment-related side effects derived from 
controlled clinical trials in patients with hypertension, angina pectoris, and arrhythmia. These 
patients received SECTRAL, propranolol, or hydrochlorothiazide as monotherapy, or placebo. 


TOTAL VOLUNTEERED AND ELICITED (U.S. STUDIES) 








Hydrochloro- 
Body System/ SECTRAL Propranolol thiazide Placebo 
Adverse Reaction (N=1002) (N=424) (N=178) (N=314) 
% % % % 
Cardiovascular 
Chest Pain 2 4 4 1 
Edema 2 2 4 1 
Central Nervous System 
Depression 2 1 3 1 
Dizziness 6 7 12 2 
Fatigue 11 17 10 4 
Headache 6 9 13 4 
Insomnia 3 6 5 1 
Abnormal 
dreams 2 3 0 1 
Dermatologic 
Rash 2 2 4 1 
Gastrointestinal 
Constipation 4 2 x 0 
Diarrhea 4 5 5 1 
Dyspepsia 4 6 3 1 
Flatulence 3 4 7 1 
Nausea 4 6 3 0 
Genitourinary 
Micturition 3 1 9 <1 
(frequency) 
Musculoskeletal 
Arthralgia 2 1 3 2 
Myalgia 2 1 4 0 
Respiratory 
Cough 1 1 2 0 
Dyspnea 4 6 4 2 
Rhinitis 2 1 a <1 
Special Senses 
Abnormal Vision 2 2 3 0 


The following selected (potentially important) side effects were seen in up to 2% of 
SECTRAL patients: Cardiovascular. hypotension, bradycardia, heart failure. Central Nervous 
System: anxiety, hyper/hypoesthesia, impotence. Dermatological: pruritus. Gastrointestinal: 
vomiting, abdominal pain. Genitourinary: dysuria, nocturia. Musculoskeletal: back pain, joint 
pain. Respiratory: pharyngitis, wheezing. Special Senses: conjunctivitis, dry eye, eye pain. 

The incidence of drug-related adverse effects (volunteered and solicited) according to 
SECTRAL dose is shown below. (Data from 266 hypertensive patients treated for 3 months on 
a constant dose.) 








400 mg/ 800 mg/ 1200 mg/ 
day day day 
Body System (N=132) (N=63) (N=71) 
Cardiovascular 5% 2% 1% 
Gastrointestinal 3% 3% 7% 
Musculoskeletal 2% 3% 4% 
Central Nervous 
System 9% 13% 17% 
Respiratory 1% 5% 6% 
Skin 1% 2% 1% 
Special Senses 2% 2% 6% 
Genitourinary 2% 3% 1% 





POTENTIAL ADVERSE EFFECTS: In addition, certain adverse effects not listed above have 
been reported with other B -blocking agents and should also be considered as potential adverse 
effects of SECTRAL. 

Central Nervous System: Reversible mental depression progressing to catatonia (an acute 
syndrome characterized by disorientation for time and place), short-term memory loss, 
emotional lability, slightly clouded sensorium, and decreased performance 
(neuropsychometrics). 

Cardiovascular: Intensification of AV block (see CONTRAINDICATIONS). 

Allergic: Erythematous rash, fever combined with aching and sore throat, laryngospasm, and 
respiratory distress. 

Hematologic: Agranulocytosis, non-thrombocytopenic, and thrombocytopenic purpura. 
Gastrointestinal: Mesenteric arterial thrombosis and ischemic colitis. 

Miscellaneous: Reversible alopecia and Peyronie's disease. The oculomucocutaneous 
syndrome associated with the B-blocker practolol has not been reported with SECTRAL during 
investigational use and extensive foreign clinical experience. 


Keep at room temperature. Approximately 25°C (77°F). 
*Sectral® is not indicated in ventricular tachycardia. 
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No longer will . 


increasing your 
ad budget 
be an 
act of faith. 


About $3 billion a year is spent on business 
press advertising—yet amazingly little concrete 
evidence has existed to show whether it really 
works. 

Research to actually prove the effectiveness 
of trade and industrial advertising has been 
unconvincing and inconclusive. 

Till now. 


Finally. New research proves business 
press advertising dramatically increases 
sales and profits. 
It's comprehensive. This landmark research 
study took more than three years to complete 
at a cost of over $390,000. 

It’s impartial—the study was conducted 
entirely by the independent Advertising 
Research Foundation. 


And employed state-of-the-art data 
techniques. 

It's conclusive. It links higher levels of 
advertising with significant increases in sal 
plus increased profits. Considering the 
competitive crunch of today’s marketplace, these 
kinds of results mean increasing your advertising 
is no longer an act of faith—but an act of survival. 


Shoot down your old notions, and put the 
research to work. 

Armed with these new, easy-to-understand 

facts and figures, you can now have powerful 
decision support for increasing your trade 
magazine ad budget. 

For your copy of the “Summary of the x 
Findings”, write on your letterhead to: Marketing 
Services, Association of Business Publishers, 
205 E. 42nd Street, New York, NY 10017. 





“We are trying to readjust the 
entire cardiovascular system to 
operate at a new control point?’ 


“Many hormones and other types of uretic or atrial peptide system has a lot of 

mediators of cardiovascular function potential for treatment of CHF, hyperten- 

could be altered for therapeutic benefit?’ sion, renal failure, and perhaps other 

“The hormonal system of cardiovascular cardiovascular disorders?’ 

control uppermost in people's minds at 

this time is the renin-angiotensin-aldos- 

terone (RAA) axis. The reason is its 

central role in the pathogenesis of hyper- 

tension and congestive heart failure (CHF). 
“What's the next likely target—the 

next system we might alter for therapeutic 

purposes? We think that the atrial natri- 


“Several years ago | suggested that 
the atrial peptide and RAA systems 
might be functional antagonists?” 
“And you can cite a number of areas 
where they are. Angiotensin constricts 
blood vessels; atrial peptides relax them. 
Angiotensin stimulates aldosterone pro- 
duction; atrial peptides inhibit it. The RAA 
system causes sodium retention—the 
atrial peptides cause natriuresis. And the 
atrial peptides inhibit renin release. 

“Both angiotensin and atrial pep- 
tides are also present in the CNS, but it's 
not clear what they do. We have put atrial 
peptides into the CNS and shown they 
inhibit vasopressin release. Angiotensin 
appears to stimulate thirst, while atrial 
“There may be a peptides antagonize angiotensin-induced 
‘yin and yang’ sort of water intake. There may be a ‘yin yang’ 
opposition like the sort of opposition like the sympathetic 


sympathetic and and parasympathetic nervous systems.’ 
parasympathetic 


nervous systems: “We are looking for the essence of 
cardiovascular control?’ 
“If we can understand the natural physio- 
logic-controls, we may be able to alter 
them without stimulating counterregula- 
tory mechanisms as occurs with diuretics 
and-vasodilators. What we want to do is 
change the natural drives on the cardio- 
vascular system so that the entire system 
readjusts back to a normal control point? 





Ree Oo CEC AR A eR OM 


Dr. Edward H. Blaine 
Director of Cardiovascular 
Pharmacology 

G. D. Searle & Co. 






















































‘patients; (3) LVEF during exercise did not improve the accuracy of _ 
prediction; and (4) predictions for individual patients were imprecise. 
These limitations indicate that observations should not be interpreted in 
isolation of other clinical findings just because they have been identified as 
“important” by some statistical procedure. 


708 
Decision Analysis Concerning the Application of 
Echocardiography to the Diagnosis and Treatment of Mural 
Thrombi After Anterior Wall Acute Myocardial Infarction 
William S. Weintraub and Hisham A. Ba’albaki 





The diagnostic and therapeutic approach to the problem of mural thrombi 
after anterior myocardial infarction is uncertain. There is uncertainty 
concerning (1) the probability of a mural thrombus; (2) the sensitivity and 
specificity of echocardiography; (3) the probability of embolization; (4) 
the efficacy of warfarin in preventing embolization; and (5) the probabili- 
ty of bleeding with and without warfarin. Thus, a model was created in 
which estimates for the unknown parameters were determined from pub- 
lished medical studies. The probabilities of a cerebrovascular accident 
(CVA) and of bleeding with and without warfarin were determined if all 
patients were anticoagulated, if patients with positive echocardiographic 
results were treated, if patients with negative echocardiographic results 
were treated and if echocardiographically guided therapy was instituted in 
which patients with positive echocardiographic results are treated. The 
baseline probability of a CVA will be reduced from 0.045 to 0.011 with 
anticoagulation for all patients and to 0.016 for echocardiographically 
guided therapy. Sensitivity analysis permitted these results to be expanded 
and amplified. Echocardiographically guided therapy prevents most 
CVAs at considerable savings in bleeding episodes. 


717 
Effects of Diltiazem Alone or with Isosorbide Dinitrate or with 
Atenolol Both Acutely and Chronically for Stable Angina 
Pectoris 

Hassan El-Tamimi, Graham J. Davies, Juan-Carlos Kaski, Margarita Vejar, 
Alfredo R. Galassi, and Attilio Maseri, with the technical assistance of 
Christine O'Sullivan and Trudy Lowe 





We studied the short- and long-term effects of diltiazem (120 mg and 360 
mg/day, respectively), and the additive effects of sublingual isosorbide 
dinitrate, 10 mg, and atenolol, 100 mg, in 11 patients with chronic stable 
angina using an open-label sequential design. All patients underwent 
exercise testing without therapy, and with each of the drug regimens and 
their combinations. Exercise time, heart rate-blood pressure product and 
oxygen consumption were measured at 1-mm ST-segment depression, or _ 
at peak exercise if the test result was negative. Both exercise time and rate- 
pressure product increased significantly after the administration of isosor- 
bide dinitrate, as well as after short- and long-term diltiazem therapy, 
-. compared with the control values. The addition of atenolol to diltiazem _ 
- significantly reduced the rate-pressure product compared with diltiazem 
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Who's getting results 


on MEVACOR' ? 


(LOVASTATIN /MSD) 








MEVACOR is indicated as an adjunct to diet for the reduction of 
elevated total and LDL cholesterol levels in patients with primary 
hypercholesterolemia (Types Ila and IIb) when response to 
nonpharmacologic measures has been inadequate. 

MEVACOR is contraindicated in patients who are hypersensitive to any component of the 
medication; in patients with active liver disease or unexplained persistent transaminase 
elevations; in pregnant or lactating patients; and in women of childbearing age, except 
when such patients are highly unlikely to conceive 


It is recommended that liver function tests be performed before treatment begins, every 
4 to 6 weeks during the first 15 months of therapy, and periodically thereafter in all patients 


The effect of lovastatin-induced changes in serum lipoprotein levels, including reduction of 
serum cholesterol, on cardiovascular morbidity or mortality has not been established 


For more details on warnings, precautions, and adverse reactions, including cautionary 
information regarding liver dysfunction, myopathy, and slit-lamp monitoring, please see 
Prescribing Information 


For a Brief Summary of Prescribing Information, please see the following page. 


Copyright © 1989 by Merck & Co., INc 





Patient C.M. 
—Female, age 61 


-Smokes more than a 
pack of cigarettes daily; 
repeatedly advised to 
stop smoking 


— Younger brother 
suffered MI 5 years ago 


—Elevated serum 
cholesterol—281 mg/dL 
after an adequate trial of 
a cholesterol-lowering diet 


—After 12 weeks 
on MEVACOR, total 
cholesterol is 220 mg/dL 
(dosage: 20 mg once daily 
with the evening meal) 


Results with MEVACOR 
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Not everyone will respond as did the patient 
in this hypothetical case history; however, the 
mean reduction in total cholesterol in clinical 
trials was 17% at 20 mg once a day and 27% 
at 20 mg b.i.d 
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MEVACOR 


(LOVASTATIN | MSD 


Now available as a 


40-mg tablet 





CONTRAINDICATIONS: Hypersensitivity to any component of this 
medication 

Active liver disease or unexplained persistent elevations of serum 
transaminases 

Pregnancy and lactation. 

Atherosclerosis is a chronic process and the discontinuation of lipid- 
lowering drugs during pregnancy should have little impact on the outcome 
of tong-term therapy of primary hypercholesteroiemia Moreover. 
cholesterol and other products ot the cholesterol biosynthesis pathway 
are essential components for fetal development, including synthesis of 
steroids and cell membranes. Because o! the ability of inhibitors of HMG- 
CoA reductase such as MEVACOR® (Lovastatin, MSD) to decrease the 
synthesis of cholesterol and possibly other products of the cholesterol 
biosynthesis pathway, MEVACOR may cause fetal harm when admin- 
istered to a pregnant woman. Therefore. lovastatin is contraindicated 
during pregnancy. Lovastatin should be administered to women of 
childbearing age only when such patients are highly unlikely to conceive 
if the patient becomes pregnant while taking this drug, lovastatin should 
be Siscootinued and the patient should be apprised ot the potential hazard 
to the fetus 


WARNINGS: Liver Dysfunction: Marked persistent increases (to more 
than 3 times the upper limit of normai) in serum transaminases 
occurred in 1.9% of adult patients who received lovastatin for at least 
one year in clinical trials (see ADVERSE REACTIONS). When the drug 
was interrupted or discontinued in these patients, the transaminase levels 
usually fel! slowly to pretreatment levels. The increases usually appeared 
3 to 12 months after the start of therapy with lovastatin and were not 
associated with jaundice or other clinical signs or symptoms There was 
no evidence of hypersensitivity. A liver biopsy was done in one of these 
patients and showed areas of focal hepatitis. in this patient, transaminase 
levels returned to normal following discontinuation of therapy. Some of 
these patients had abnormal fiver function tests prior to lovastatin therapy 
and/or consumed substantial quantities of alcohol 

tt is recommended that liver function tests be performed before 
treatment begins, every 4 to 6 weeks during the first 15 months of 
therapy with lovastatin, and periodically thereafter in all patients. 
Special attention should be paid to patients who develop elevated serum 
transaminase levels, and in these patients. measurements should be 
fepeated promptly and then performed more frequently. H the 
transaminase levels show evidence of progression, particularly if they rise 
to 3 times the upper limit of normal and are persistent. the drug should be 
discontinued. Liver biopsy shouid be considered if elevations are 
persistent beyond the discontinuation of the drug 

The drug should be used with caution in patients who consume 
substantial quantities of alcohol and/or have a past history of diver 
disease. Active liver disease or unexplained transaminase elevations are 
contraindications to the use of lovastatin. 

As with other lipid-lowering agents, moderate (less than 3 times the 
upper limit of normal) elevations of serum transaminases have been 
reported following therapy with MEVACOR (see ADVERSE REACTIONS) 
These changes appeared soon after initiation of therapy with MEVACOR. 
were often transient, were not accompanied by any symptoms. and 
interruption of treatment was sot required 


Skeletal Muscle: Several cases of rhabdomyolysis have been asso- 
ciated with lovastatin therapy alone, when combined with immunasup- 
pressive therapy including cyclosporine in cardiac transplant patients, 
and when combined in non-transplant patients with either gemfibrozil 
or lipid-lowering doses {= 1 g/day) of nicotinic acid. Acute renal failure 
from rhabdomyolysis has been seen more commonly with the 
lovastatin-gemfibrozi! combination and has also been reported in 
transplant patients receiving fovastatin plus cyclosporine. 

Rhabdomyolysis with or without renal impairment has been reported in 
seriously ul patients receiving erythromycin concomitantly with 
lovastatin. Therefore, patients receiving concomitant lovastatin and 
erythromycin should be carefully monitored. 

Fulminant rhabdomyolysis has been seen as early as 3 weeks after 
initiation of combined therapy with gemfibrozil and lovastatin but may 
be seen after several months. For these reasons, it is felt that in most 
subjects who have had an unsatisfactory lipid response to either drug 
atone, the possible benefits of combined therapy with lovastatin and 
gemfibrozil do not outweigh the risks of severe myopathy. rhabdo- 
myoiysis, and acute renal failure. White it is not known whether this 
interaction occurs with fibrates other than gemfibrozil, myopathy and 
rhabdomyolysis have occasionally been associated with the use of 
other fibrates alone, including clofibrate. Therefore, the combined use 
of lovastatin with other fibrates should generally be avoided. 

Physicians contemplating combined therapy with lovastatin and 
lipid-lowering doses of nicotinic acid or with immuncsuppressive 
drugs should carefully weigh the potential benefits and risks and 
should carefully monitor patients for any signs and symptoms of 
muscle pain, tenderness, or weakness, particularly during the initial 
months of therapy and during any periods of upward dosage titration of 
either drug. Periodic CPK determinations may be considered in such 
situations, but there is no assurance that such monitoring will prevent 
the occurrence of severe myopathy. The monitoring of lovastatin drug 
and metabolite levels may be considered in transplant patients who are 
treated with immunosuppressives and lovastatin. 

Lovastatin therapy should be temporarily withheld or discontinued in 
any patient with an acute, serious condition suggestive of a myopathy 
or having a risk tactor predisposing to the development of renal failure 
secondary to rhabdomyolysis, including severe acute infection, 

tension, major surgery, trauma, severe metabolic, endocrine, and 
electrolyte disorders, and uncontrolled seizures. 

Myalgia has been associated with lovastatin therapy. Transient, mildly 
elevated creatine phosphokinase levels are commonly seen in lovastatin- 
treated patients. However, in clinical trials, approximately 0.5% of 
patients developed a myopathy, ie., myalgia or muscle weakness 
associated with markedly elevated CPK ieveis. Myopathy should be 
considered in any patient with dittuse myalgias, muscle tenderness or 
weakness, and/or marked elevation of CPK. Patients should be advised to 
report promptly unexplained muscle pain, tenderness, or weakness. 
particularly if accompanied by malaise or fever. Lovastatin therapy should 
be discontinued if markedly elevated CPK levels occur or myopathy is 
diagnosed or suspected 

Most of the patients who have developed myopathy (including 
rhabdomyolysis} while taking lovastatin were receiving concomitant 
therapy with immunosuppressive drugs. gemfibrozil, or lipid-lowering 
doses of nicotinic acid. in clinical trials, about 30% of patients on 
concomitant immunosuppressive therapy including cyclosporine 
developed myopathy: the corresponding percentages for gemfibrozil and 
niacin were approximately 5% and 2%, respectively. 

in 6 patients with cardiac transplants taking immunosuppressive 
therapy including cyclosporine concomitantly with lovastatin 20 mg/day, 
the average plasma level of active metabolites derived from lovastatin was 
elevated to approximately 4 times the expected levels. Because of an 
apparent relationship between increased plasma levels of active 
metabolites derived from lovastatin and myopathy, the daily dosage in 
patients taking immunosuppressants should not exceed 20 mg/day (see 
DOSAGE AND ADMINISTRATION}. Even at this dosage. the benefits and 


risks of using lovastatin in patients taking immunosuppressants should 
be carefully considered. 


PRECAUTIONS: General: Before instituting therapy with MEVACOR® 
(Lovastatin, MSD}, an attempt should be made to contro: hypercholester 
olemia with appropriate diet, exercise, weight reduction i? obese patients. 
and to treat other underlying medical problems (see INDICATIONS 
AND USAGE). 


Eye: There was a high prevalence of baseline ‘enticular opacities in the 
patient population included in the clinical trials with lovastatin. During 
these trials the appearance of new opacities was noted. The causal 
relationship of tovastatin to these findings has not beer established 

Of 431 patients examined with slit lamp at baseline and during therapy 
with lovastatin, 34 had opacities reported at the final examination (Sto 15 
months after starting lovastatin) that were not noted at baseline On the 
other hand. in 45 patients. opacities observed at baseline were not noted 
at the final examination, so that the prevalence did not increase There was 
no clinically significant change in visual acuity in the patients who had new 
opacities reported. nor was any patient. including these with opacities 
noted at baseline, discontinued from therapy because of a decrease in 
visual acuity. Nevertheless, until further experience 'S obtained, it is 
recommended that patients placed on lovastatir therapy be examined with 
a slit lamp before or shortly after initiation of treatment and annuaily 
thereafter. 


Homozygous Familial Hypercholesterolemia: MEVACOR is less 
effective in patients with the rare homozygous familial hypercholesterol- 
emia, possibly because these patients have no functional LDL receptors 
MEVACOR appears to be more likely to raise serum transaminases (see 
ADVERSE REACTIONS) in these homozygous patients. 


Drug Interactions: Immunosuppressive Drugs, Gemfibrozil, Niacin 
{Nicotinic Acid}. Erythromycin: See WARNINGS, Skeletal Muscle 

Coumarin Anticoagulants: in a clinical triat in warlarin-treated patients 
designed specifically to observe a potential affect of lovastatin on the 
prothrombin tune, lovastatin in dosages up to 40 mg bid. did not 
produce any consistent alteration of the anticeagulant action of warfarin 
However, since the drug was marketed. clinically evident bleeding andior 
increased prothrombin time have been reported in a few patients taking 
coumarin anticoagulants concomitantly wih lovastatin The causal 
relationship to lovastatin is unclear. Nevertheless, itis recommended that 
in patients taking anticoagulants, prothrombir: ume be determined before 
starting lovastatin and frequently enough during early therapy to insure 
that no significant alteration of prothrombin time occurs Once a stabie 
prothrombin time has been documented, prothrombin times can be 
monitored at the intervals usually recommended for patients on coumann 
anticoagulants. if the dose of lovastatin is changed, the same procedure 
should be repeated. Lovastatin therapy has not been associated with 
bleeding or with changes in prothrombin bme m patients not taking 
anticoagulants 

Aatipyrine: Antipyrine is a model tor drugs metabolized by the 
microsomal hepatic enzyme system (cytochrome P459 system). Because 
lovastatin had no effect on the pharmacokinetics of antipyrine. interactions 
with other drugs metabolized via this mechanism are not expected 

Propranolol: in normal volunteers. there was no clinically significant 
pharmacokinetic or pharmacodynamic interaction with concomitant 
administration of single doses of lovastatin end propranolol 

Digoxin: in patients with hypercholesterolemia, concomitant 
administration of lovastatin and digoxin resuited in RO effect on digoxin 
plasma concentrations. 

Other Concomitant Therapy: Although specitic interaction studies were 
not performed, in clinical studies. lovastatin was used concomitantly with 
beta blockers. caicium channel blockers. diuretics, ard nonsteroidal anti- 
inflammatory drugs (NSAIDs) without evidence of clinically significant 
adverse interactions 


Drugitaboratory Test interactions: Lovastatin ma elevate creatine 
phosphokinase and transaminase levels (see ADVERSE REACTIONS} 
This should be considered in the differential diagnosis of chest pain i a 
patient on therapy with lovastatin 


Carcinogenesis, Mutagenesis, Impairment of Fertility: In a 21-moath 
carcinogenic study in mice, a statistically significant (p<. 6.05) increase in 
the incidence of hepatocellular carcinomas and adenomas was observed 
at doses of 500 mg/kg/day (312 times the maximum recommended 
human dose} of lovastatin. These changes were not seen in mice given 
doses of 20 and 100 mg/kg/day (12.5 and 62.5 times the maximum 
recommenced human dose). 

A statistically significant increase (p= 0 05) :n the incidence of 
pulmonary adenomas was seen in temale mice receiving 500 mg/kg/day 
(312 times the maximum recommended human dose). no similar changes 
were seen in males at any dose or in females receiving 20 or 100 
mg/kg/day (12.5 or 62.5 times the maxmum recommended human 
dose}. Because the incidence of pulmonary tumors was within the range 
of untreated animals in studies of simitar duration, the relationship of this 
latter change to treatment is not known 

In addition. an increase in the incidence of papiloma in the non- 
glandular mucosa of the stomach was observed m mice receiving 100 and 
500 mg/kg/day (62.5 and 312 times the maximum recommended human 
dose}, no increase was seen at a dosage of 20 mg/kg/day (12.5 times the 
maximum recommended human dose}. The glandular mucosa was not 
affected. The human stomach contains only glandular mucosa 
importantly, there is a strong association between this change and 
hyperplasia of the squamous epithelium (acanthosis) in this region. 
acanthosis is a characteristic change observed in the non-giandular 
mucosa of rodents treated with HMG-CoA reductase inhibitors and is 
most probably a result of mhibition of the reductase in this tissue 

Similar squamous epithelium is found ir the esophagus and anorectal 
junction of the mouse and rat: however, ro evidence of a similar drug- 
induced hyperplastic response was observed in these tissues in studies of 
up to 21 months in the mouse given up to 500 mg/xg/day (312 times the 
maximum recommended human dose}, of ina study of 24 months in the rat 
given 180 mg/kg/day (112 times the maximum recommended human 
dose) 

in a 24-month carcinogenicity study m rats. there was a positive dose 
response relationship for hepatocellular carcinogenicity in males 
(unadjusted p = 0.025). However, because the incidence of hepatocellular 
carcinogenicity observed in male rats in this study is similar to that 
observed spontaneously in this strain of rat. the implications of this 
finding are unclear. 

No evidence of mutagenicity was observed in a microbial mutagen test 
using mutant strains of Salmonella typhimurium with or without rat or 
mouse liver metabolic activation. In additon, no evidence of damage to 
genetic material was noted in an 1n vitro alkaline elution assay using rat or 
mouse hepatocytes. a V-79 mammalian cell forward mutation study, an in 
vitro chromosome aberration study in CHO cells. or an i vivo 
chromosomal aberration assay in mouse bone marrow. 

No drug-related effects on fertility were found in studies with rats 


Pregnancy: Pregnancy Category X: See CONTRAINDICATIONS 

Lovastatin has been shown to produce skeletal malformations in the rat 
fetus at doses of 800 mg/kg/day (500 times the maximum recommended 
human dose). At similar doses in mice. an increase in skeletal 
malformations was observed. These individual changes are within the 
range of those observed spontaneously ir this strain of mouse. No drug- 
induced changes were seen in either species at doses of up to 80 
mg/kg/day (50 times the maximum recommended human dose} No 
evidence of malfarmations was noted in rabbits at up to 15 mg/kg/day 
{highest tolerated dose—about 9 times the maximum recommended 
human dose}. There are no data in pregnant women. 


Nursing Mothers: Studies in rats have shown that lovastatin is excreted in 
the milk. it is not known whether this drug is excreted in human milk. 
Because many drugs are excreted in human milk and because of the 
potential for serious adverse reactions in nursing infants from MEVACOR, 
women taking lovastatin should not nurse then infants (see 
CONTRAINDICATIONS). 


Pediatrie Use: Safety and effectiveness in children have not been 
established. Because children are not likely to benefit from cholesterot 
lowering for at least a decade and because experience with this drug is 
limited {aa studies in subjects below the age of 20 years), treatment of 
children with lovastatin is not recommended at this time 


ADVERSE REACTIONS: MEVACOR® (Lovastatin. MSD) is generally well 
tolerated: adverse reactions usually have been mild and transient. Less 
than 1% of patients were discontinued from controlled clinical studies due 
to adverse experiences attributable to MEVACOR About 2% of patients 
were discontinued from all studies (controlled and uncontrolled} due to 
adverse experiences attributable to MEVACOR: about one-third of these 
patients were discontinued due to increases in serum transaminases. 


Clinical Adverse Experiences: Adverse expenences reported in patients 
treated with MEVACOR in controlled clinical studies are shown in the table 
below: 





MEVACOR Placebo Cholestyramine Probucol 
(N= 613) {N = 82) {N = 88) {N= 97} 
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Gastrointestinal 
Constipation 4 
Diarrhea 5 
Dyspepsia 3 
Flatus 6 
5 
t 
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Abdominal pain/ cramps 
Heartbum 
Nausea 
Musculoskeletal 
Muscle cramps 1 ~ - 
Myaigia 24 t2 we 
Nervous System/Psychiateic 
Dizziness 2 
Headache 9 
Skin 
Rash! pruritus $2 me 4d as 
Special Senses 
Blurred vision 
Dysgeusia 
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Laboratory Tests: Marked persistent increases of serum transaminases 
have been noted (see WARNINGS). 

About 11% ot patients had elevations of creatine phosphokinase (CPK) 
levels of at feast twice the normal value on one or more occasions The 
corresponding values for the control agents were cholestyramine, 9% and 
probucol, 2%. This was attributable to the noncardiac fraction of CPK 
Large increases in CPK have sometimes beer reported (see WARNINGS. 
Skeletal Muscle} 


Concomitant Therapy: In controlled clinical studies in which lovastatin 
was administered concomitantly with cholestyramine, no adverse reac- 
tions pecutiar to this concomitant treatment were observed. The adverse 
reactions that occurred were limited to those reported previously with 
lovastatin or cholestyramine. Other lipid-lowering agents were not acmin- 
istered concomitantly with lovastatin during controlled clinical studies. In 
uncontrolled clinical studies. most of the patients who have developed 
myopathy were receiving concomitant therapy with immunosuppressive 
grugs gemfibrozil, or niacin (nicotinic acid) (see WARNINGS, Skeletal 
uscie}. 


Uncontrolled Clinical Studies: The adverse experiences observed in 
uncontrolled studies were similar to those seen in controlled clinical 
studies. Abnormal liver function tests were observed at a higher incidence 
than in the controlled studies (see WARNINGS. Liver Dysfunction). Myo- 
pathy (myaigia with marked CPK elevations} was reported in approx- 
imately 0.5% of patients (see WARNINGS. Skeletal Muscle} 


Causal Relationship Unclear: Nervous System Peripheral neuropathy 
has been reported: the relationship to lovastatin is uncertain. Visual 
evoked response, nerve conduction measurements, and electromyogra- 
phy in over 30 patients showed no evidence of neurotoxic effects of 
lovastatin 

Special Senses: Of 431 patients examined with slit lamp at baseline and 
during therapy with lovastatin, 34 had opacities reported at the final 
examination (5 to 15 months after starting lovastatin} that were not noted 
at baseline. On the other hand, in 45 patients. opacities observed at 
baseline were not noted at the final examination., so that the prevalence did 
not increase (see PRECAUTIONS} 


Post-marketing Experience: Additional adverse experiences occurring 
since the drug was marketed are listed below 
Clinical Adverse Experiences 

Gastrointestinal: Hepatitis, cholestatic jaundice. anorexia. 
vomiting 

Hypersensitivity Reactions. An apparent hypersensitivity syri- 
drome has been reported rarely which has included one or more of the 
following features: anaphylaxis, angioedema, jupus-like syndrome, poty- 
myaigia rheumatica, thrombocytopenia, leukopenia, hemolytic anemia, 
positive ANA. ESR increase, arthritis, arthralgia. urticaria, asthenia, and 
photosensitivity. 

Nervous System! Psychiatric’ Paresthesia 

Causai Relationship Unknown 

Gastrointestinal: Pancreatitis, stomatitis 

Skin: Alopecia. 

Nervous Systemi Psychiatric. Depression, insomma 

Metabolic: Edema. 

Clinical Laboratory Test Findings 
Liver Function Tests: Liver function test abnormalities, including 

elevated alkaline phosphatase and bilirubin 


OVERDOSAGE: The oral LDsg of MEVACOR in mice is 20 g/kg 

Five healthy human volunteers have received up to 200 mg of lovastatin 
as a single dose without clinically significant adverse experiences, A few 
cases of accidental overdosage have been reported: no patients had any 
specific symptoms, and all patients recovered without sequelae. The 
maximum dase taken was 52 20-mg tablets (1.04 g). 

Until further experience is obtained. no specific treatment of over- 
dosage with MEVACOR can be recommended. 

The dialyzability of lovastatin and its metabolites in man ts not known at 
present 


DOSAGE AND ADMINISTRATION: The patient should be placed on a 
standard cholestero!-towering diet before receiving MEVACOR and should 
continue on this diet during treatment with MEVACOR. MEVACOR should 
be given with meals. 

The recommended starting dose is 20 mg once a day given with the 
evening meal. The recommended dosing range iS 20 to 80 mg/day in 
single or divided doses, the maximum recommended dose is 80 mg/day. 
Adjustments of dosage should be made at intervals of 4 weeks or more 
Doses should be individualized according to the patient's response (see 
Tables | to IV under CLINICAL PHARMACOLOGY, Clinical Studies for dose 
response results). 

For those patients with severely elevated serum cholestero! levels 
(.e., 300 mg/dL [7.8 mmol/L] on diet). MEVACOR may be initiated at 
40 mg/day. 

in patients taking immunosuppressive drugs concomitantly with 
iovastatin (see WARNINGS, Skeletai Muscle}, the maximum recom- 
mended dosage is 20 mg/day. 

Cholesterol levels should be monitored periodically and consideration 


shouid be given to reducing the dosage ot MEVACOR mso 
if cholesterol levels fatl below the targeted range MERCK 
SORME 





For more detailed information, consult your MSD Representative or see 
Prescribing information, Merck Sharp & Dohme. Division of Merck & 
Co., inc., West Point, PA 19486. JOMC39(507} 
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SUDDEN CARDIAC DEATH: 
New Research, New Implications 


The final two programs in this four-part mini-series examine 
the effect of the CAST study on current concepts in the 
Classification and pharmacologic management of ventricular 
arrhythmias. 


CMPrattMD j WC Roberts MD 
Baylor NHLBI/NIH 


HL Greene MD 
U of Wash. 


AL Waldo MD JL Anderson MD 
Case Western U of Utah 


PROGRAM SCHEDULE 


Part lll: Classification & Assessment 
of Ventricular Arrhythmias 


Part IV: Pharma ic Management of 
Ventricular Arrhythmias 


Part lit: Classification & Assessment 
of Ventricular Arrhythmias 


Part iV: Pharm i Management of 
orirun plaren a 


Parti: CAST: Results and Implications 
Sundays in October at 7:30 p.m. (ET/PT) 
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alone, although there was no further significant increase in exercise time. 
The weekly angina frequency was reduced from a mean of 30 episodes / wk 
without therapy to 6 attacks/wk during diltiazem and to 4 attacks/wk 
with the combination of diltiazem and atenolol. We conclude that short- 
term diltiazem therapy increases the ischemic threshold by an extent 
similar to that of short-term nitrate administration, whereas long-term 
diltiazem improves exercise time by a combination of increased myocardi- 
al oxygen supply and reduced demand. The addition of atenolol does not 
further improve exercise time. 


725 
Effect of a Modified, Well-Tolerated Niacin Regimen on Serum 
Total Cholesterol, High Density Lipoprotein Cholesterol and the 
Cholesterol to High Density Lipoprotein Ratio 

James D. Alderman, Richard C. Pasternak, Frank M. Sacks, 

Harton S. Smith, E. Scott Monrad, and William Grossman 





Niacin is an effective but underutilized agent for decreasing total serum 
cholesterol and increasing serum high density lipoprotein (HDL) choles- 
terol. By beginning at low dosages (100 to 250 mg twice a day) and 
changing to a sustained-release preparation when side effects develop, 
compliance may be markedly improved. Using such a regimen during a 
mean period of 11 + 7 months, our patients had a 13% reduction in total 
cholesterol, 31% increase in HDL cholesterol and 32% decrease in the 
total cholesterol to HDL ratio. Although side effects were reported in 38% 
of patients, management strategies avoided discontinuation of therapy in 
all but 4 of 101 patients. When administered as reported, niacin is well 
tolerated, inexpensive and extremely effective. 


730 
Usefulness of Esophageal Pill Electrode Atrial Pacing with 
Quantitative Two-Dimensional Echocardiography for 
Diagnosing Coronary Artery Disease 

Ray V. Matthews, Richard J. Haskell, Leonard E. Ginzton, and 
Michael M. Laks 





Esophageal pill electrode atrial pacing with quantitative 2-dimensional 
echocardiography was performed in 26 patients who also had treadmill 
exercise testing and coronary angiography. Changes in ejection fraction 
and pressure volume ratio with pacing were analyzed as predictors for the 
presence of coronary artery disease and compared with treadmill exercise 
testing. The predictive accuracy of atrial pacing-induced changes in ejec- 
tion fraction and pressure volume ratio was similar to that obtained with 
treadmill exercise. 


= Continued on page A26 - = 
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TENORMIN reduces more than just painful myocardial 
ischemia. It reduces painless ischemia as well. Alone or in 
combination regimens, it lowers the total ischemic burden* 
and reduces the need for PRN nitroglycerin." 

*The sum of painful and painless episodes. 


In Angina 
ONE TABLET A DAY 


ENORMIN 


(atenolol) 


PROTEC I S The HEART. See adjacent page for brief summary of prescribing information. 





ADVERSE REACTIONS: Mos! adverse effects have been mild and transient. Freque 
were derived from controlled studies in which adverse reactions were either volunteered i 
(US studies) or elicited, èg, by checklist (foreign studies) The reported frequency. of elicited adverse. 
effects was higher for bath TENORMIN (atenolol and placebs-treated patients than when Ibese.: 
reactions were volunteered. Where frequency of adverse effects for TENORMIN and placebo is simila 


sA ‘ONE TABLETA DAY causa relationship to TENORMIN is uncertain 


d i h- & The following adverse-reaction data present irequency estimates in terms of percentages’ tiston 
i studies (volunteered side effects) and then from both US and foreign studies (volunteered and: °° 
elicited side elects) 3 : 
i US STUDIES (% ATENOLOL-% PLACEBO): $ 


CARDIOVASCULAR. bradycardia (3%-0%), cold extremities (0%-0.5%), postural hypotension 



















{2%-1%}. leg pain (0%-0.5%}) $ 

ateno O CENTRAL NERVOUS SYSTEM/ NEUROMUSCULAR: dizziness (4%-1%), vertigo (2%-0:5%), 
lightheadedness (1%-0%), tiredness (0.6%-0.5%). fatigue (3%-1%), lethargy (1%-0%). drowsiness 
(0 6%-0%). depression (0 .6%-0.5%). dreaming {0%-O%) 

GASTROINTESTINAL. diarrhea (2%-0%). nausea (4%- 1%) 
RESPIRATORY (see WARNINGS). wheeziness (0%-0%). dvspnea (0.6%- 1%} 

TOTALS US AND FOREIGN STUDIES: 
CARDIOVASCULAR: bradycardia (3%-0%), cold extremities (12%-5%), postural hypotension 
(4%-5%), leg pain (3%-1%) 

CENTRAL NERVOUS SYSTEM/NEUROMUSCULAR: dizziness (13%-6%), vertigo (2%-0.2%), 
lightheadedness (3%-0.7%), tiredness (26%-13%)}, fatigue (6%-5%), lethargy (3%-0.7%), drowsiness 
(2%-G.5%), depression (12%-9%), dreaming (3%-1%) 

5 SE ew ernea (2 2 nausea vale) ET 

pes 4 M i A {RATORY (see Wi INGS). wheeziness (3%-3%), dyspnea (6%-4%) 

i bela,-selective (cardioselective) blocking agent MISCELLANEOUS. There have been reports of skin rashes and/or dry eyes associated with the use 

DESCRIPTION: TENORMIN (atenolol). a synthetic, beta ,-selective (cardioselective) adrenoreceptor of beta-adrenergic blocking drugs. The reported incidence is small and, in most cases, the symptoms 
ching agent, may be chemically described as benzeneacetaride. 4-[2° -hydroxy-3'-[(1-methy!- have cleared when treatment was withdrawn Discontinuance of the drug should be considered if an: 

&thy!} amino} propoxy}-. Atenolol (free base) has a molecular weight of 266. It is a relatively polar such reaction is not otherwise explicable. Patients shouid be closely monitored following cessation òl 

“hydrophilic Compound wath a water solubility of 26.5 mg/mL at 37°C and a log partition coefficient therapy 

‘{octanol/water) of 0.23. Itis freely soluble in 1N HCI (300 mg/mL at 25° C) and less soluble in POTENTIAL ADVERSE EFFECTS: In addition. a vanety of adverse effects have been reported with 
“ghidrotormn (3 mg/mL at 25°C) other beta-adrenergic blocking agents, and may be considered potential adverse effects of 





~ Protects THe HEART ; 
~ From PAainfsUuL AND PAINLESS ISCHEMIA. 












os TENORMIN is available as 50 mg and 100 mg tabiets for oral administration TENORMIN 

“tnactive wigredients: magnesium stearate. microcrystalline cellulose povidone. sodium starch HEMATOLOGIC: Agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic purpura 
lycolate. . ALLERGIC. Fever, combined with aching and sore throat, laryngospasm, and respiratory distress. 

Not CATIONS AND USAGE: Hypertension: TENORMIN is indicated in the management of CENTRAL NERVOUS SYSTEM: Reversibie mental depression progressing to catatonia, visual 













ypertension. ìt may be used alone or concomitantly with other antihypertensive agents particularly disturbances, hallucinations, an acute reversible syndrome characterized by disorientation of time 
with a thiazide-type diuretic and place, short-term memory loss, emotional lability with slightly Clouded sensonum, decreased 
Angina Pectoris Due to Coronary Atherosclerosis: TENORMIN is indicated for the long-term performance on neurepsychomeltncs 
ement ol s with angina pectoris. GASTROINTESTINAL: Mesenteric arterial thrombosis. ischemic colitis. 
CONTRAINDIC. TIONS: TENORMIN is contraindicated in sinus bradycardia, hear! block greater OTHER: Reversible alopecia, Peyronie's disease, erythematous rash. Raynaud's phenomenon 
than first degree. cardiogenic shock. and overt cardiac failure (See WARNINGS } ELLANEOUS: The oculomucocutaneaus syndrome associated with the beta blocker practoto! 
WARNINGS: Cardiac Failure: Sympathetic stimulation is necessary in supporting circulatory has rol been reported with TENORMIN during investigational use and foreign marketing experience 
junction in congestive hear! allure. and beta blockade carnes the potential hazard of further Furthermore. a number of patients who had previously demonstrated established practolo! reactions 
depressing myocardial contractility and precipitating more severe failure in hypertensive patients who were transterred to TENORMIN therapy with subsequent resolution or quiescence of the reaction 
e congestive hear! failure controlled by digitals and diuretics. TENORMIN should be administered OVERDOSAGE: Jo dale. there is no known case of acute overdosage. and no specific information on 
wutiously, Both digitalis and atenolol slow AV conduction i emergency treatment of overdosage is avallabie. The most common effects expected with overdosage 
“In Patients Without a History of Cardiac Failure: Continued depression of the myocardium with of a beta-adrenergic blocking agent are bradycardia. congestive hear! failure, hypotension. 
locking agents over a period of time can. in some cases. lead to cardiac failure. At the first sign bronchospasm, and hypoglycemia 
of symptom of impending cardiac failure. patients should be fully digitalized and/or be given a In che case of overdosage. treatment with TENORMIN should be stopped and the patient carefully 
iuretic and the response observed closely |! cardiac failure continues despite adequate digitali- observed TENORMIN can be removed from the general circulation by hemodialysis: in addition to 
-zation and diuresis, TENORMIN should be withdrawn. (See Dosage and Administration) gastric iavage. the following therapeutic measures are suggested if warranted 
7 x BRADYCARDIA: Atropine or another anticholinergic drug 
Cessation of win TENORMIN: Pajentswin gorunary artery disease. who are being HEART BLOCK (SECOND OR THIRD DEGREE): Isoproterenol or transvenous cardiac pacemaker. 
freated with EAN g shoul be advised against abrupt discontinuation of therapy Severe CONGESTIVE HEART FAILURE: Conventional therapy. 
acerbation of angina and the occurrence of myocardial infarction and ventricular arrhythmias CIO = Y i 
have been aborted in angina patients following the ab discontinuation of therapy with other HYPOTENSION (DEPENDING ON ASSOCIATED FACTORS): Epinephnne rather than isoproterenol 
‘ ie A or norepinephrine may be useful in addition to atropine and digitalis 
pela blockers. The last two complications may occur with or without preceding exacerbation of BRONCHOSPASM. Aminophylline, isoproterenol, or atropine 
“the angina pectoris. To date: there has been no report of myocardial infarction or severe angina HYPOGLYCEMIA FA em TENO; OF aop 
upon withdrawal of TENORMIN, probably due to ite iong plasma half le Becayse ote DOSAGE AND ADMINISTRATION: Hypertension: The initial dose of TENORMIN is 50 mg given as 
problems encountered with other beta blockers. when discontinuation of TENORMIN is planned. one abie! a day either alone or added to diuretic therapy The full effect of this do: ìl usually De 
< ihe patients should be caretully observed and advised to lima physical activity to a minimum. Hf ee 2 ay ee o diuretic therapy. The full effect of this dose will usually De 
i n A : rae 4 seer: within tto 2 weeks. if an optimal response is riot achieved. the dosage shouid be increased to 
ihe angina worsens or acute coronary insufficiency develops, tlis recommended that TENORMIN 100 mg given as one tablet a day. increasing the dosage beyond 100 mg a day is unlike 
TENORMIN be promptly reinstiluted, at least temporarily. (See Dosage and Administration ) to produce any hee benefit. ¥ 3 9 9 Yy y 
TENORMIN may be used alone or concomitantly with other antihypertensive agents including 
A thiazide-type diuretics. hydralazine. prazasin, and alpha-methyidopa 
Angina Pectoris: The initia! dose of TENORMIN is 50 mg given as one tablet a day. Hf an optimal 
selectivity is not response is not achieved within 1 week, the dosage should be increased to TENORMIN 100 mg given 
initiated at as one tablet a day. Some patients may require a dosage of 200 mg once a day for optimal effect 
50 mg, and a beta,-stimulating agent (bronchodilator) shouid be made . if dosage Twenty-fourhour control with once-daily dosing is achieved by giving doses larger than necessary 
‘must be increased, dividing the dose should be cons! in order to achieve lower peak to achieve an immediate maximum effect. The maximum early effect on exercise tolerance occurs 
































8: with doses of 50 to 100. mg. but at these doses the effect at 24 hours is attenuated. averaging about 
Anesthesia and Major Surgery: As with all beta-receptor blocking drugs it may be decided to 50% to 75% of that observed with once-a-day oral doses of 200 mg. 
withdraw TENORMIN before surgery. In this case, 48 hours should be allowed to elapse between the Patients with Renal Impairment: Since TENORMIN is excreted via the kidneys. dosage 
last dose and anesthesia. If treatment is continued. care should be laken when using anesthetic shouid be adjusted in cases of severe impairment of renal function. No signicant accumulation of 
nts which depress the myocardium such as eth yclopropane, and fichioroethylene TENORMIN occurs unti) creatinine clearance falls below 35 mi /min/1.73 m? (normal range is 
“TENORMIN, like other beta biockers, is a competitive inhibitor of beta-receptor agonists and its 100-150 mL/min/1.73 m2}: therefore, the following maximum dosages are recommended 
ellectson the heart can be reversed by administration of such agents (eg. dobutamine or isoproterenol for patients with renal impairment 
with Caiulion—see section on Overdosage) Manifestations of excessive vagal tone (eg. profound 
bradycardia, hypotension) may be corrected with atropine {1-2 mg IV} 

oo Diabetes and Hypoglycemia: TENORMIN should be used with caution ir diabetic patients if a Creatinine Clearance Atenolol 
beta-blocking agent is required. Beta blockers may mask tachycardia occurring with hypoglycemia, (miLimin/ 1.73 m2) Elimination Hatt-tite (h) Maximum Dosage 
Hut other manifestations such as dizziness and sweating may not be significantly affected — eee eet 

15-35 16-27 50 mg daily 





TENORMIN does nol potentiate insulin-induced hypoglycemia and. unlike nonselective beta 

‘blockers, — pot delay recovery of blood glucose to normal levels <15 >27 50 mg every other day 
“oo Thyrotoxicosis: Beta-adrenergic blockade may mask certain clinical signs (ag, tachycardia} of R 

hyperthyroidism. Abrupt withdrawal of bela blockade might precipitate a thyroid storm, therefore Psat Se rekon ven SO ma alter sach dialysis: this shouid be done under 

patients suspected of developing thyrotoxicosis from whom JENORMIN therapy is to be withdrawn Cessation of + if withdrawal of TENORMIN therapy is planned, it should be achieved 


` Thera 
should be monitored closely. (See Dosage and Administration.) gradually over a penod of about 2 weeks. Patients should be carefully observed and advised to fimit 


PRECAUTIONS: impaired Renal Function: The drug should be used with caution in patients with hysical activity fo a minimum 

paired renal function, (See Dosage and Administration.) Row SUPPLI D: Tablets of 50 mg atenolol. NDC 0310-0105 (round, Hat, uncoated white tablets 

ne interactions: Catecholamine-depleting drugs (eg. reserpine) may have an additive effect identified with IC! debossed on one side and 105 debossed on the other side. bisected) are supplied 
when given with beta-blocking agents. Patients treated with TENORMIN plus a catecholarnine in pones o 100 labots and unit-dose packages of Jon iania ated white tablets identitied with ICi 

$ letor should therefore be closely observed ior evidence of hypotension and/or marked ablets ol mg atenolol, W319- found, tat, uncoated whi lets identilied wi 
depletor should therefore be closely observed for evidence ypo : debossed.on one side and 101 debossed on Ac other side) are supplied in battles of 100 tablets and 


cardi se ve à stural P 3 
bradycardia which:may produce vertigo, syncope. or postural hypotension Gait: dose packages ol 100 tablets 















Should it be decided to discontinue therapy in patients receiving beta blockers and clonidine H4 A 
pnouenty. the beta blocker should be discontinued severa! days before the graduai withdrawal of Protect trom heat. light. and moisture ANI/86 
idine. 
Carcinogenesis, Mutagenesis, impairment of Fertility: Two long-term iment dosing duration 
r 24 months) ral studies and one long-term {maximum dosing duration of 18 months) mouse P P 
Sudy each anployng dose levels os ugh a 300 mg/kg! day 166 umes he maramu >, Retaronoas: 1. Quyyury AA Crake T, Wight CM, et at Mediaj valmen of patanta win a ate 
recommended. human dose, did not indicate a carcinogenic potential in rodents Results of various Br Heart J 1987.57 501-511. 2. Findlay IN, Dargie Hd: The effects of nifedipine, atenolol and that ; 


Mutagenicity studies support this finding combination on left ventricular function. Postgrad Med J 1983.59{sup 12):70-73, 3. Schwartz JB. 

‘lity of male or female rats (evaluated at dose levels as high as 200 mg/kg/day or 100 times the Atenolol in the treatment of angina: Once daily cardioselective B-biockade for angina pectoris. Drugs 

ded truman dase) was unaffected by atenolol administration 1983.25(supp! 2): 160-165 

+ Chronic studies periormed in animals have revealed the occurence of 

i calis of Brunner's glands in the duodenum of both mate and temale dogs at ail 

ing at 15 mg/kg/day or 7 5 times the maximum recommended 
eration of hearts of male rats at 300 mg but not 

e, respectively) 
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Weight Carrying Versus Handgrip Exercise Testing in Men 
with Coronary Artery Disease 

Nancy A. Wilke, Lois M. Sheldahl, Scot G. Levandoski, 
Martin D. Hoffman, and Felix E. Tristani 


The clinical merits of 2 methods of static exercise testing —handgrip and 
weight carrying—were evaluated in 30 cardiac patients. The static work- 
loads in the 2 tests were matched by percentage of maximal static effort 
and corresponded to 25 and 45% of maximal effort. Arm fatigue and an 
excessive increase in diastolic blood pressure were the predominant end- 
points of both tests. Weight carrying resulted in a greater heart rate, 
systolic blood pressure, pressure-rate product, ventilation and oxygen con- 
sumption compared to handgrip. The diastolic blood pressure responses 
did not differ between the 2 tests. None of the patients demonstrated an 
ischemic response and the occurrence of arrhythmias was rare. We con- 
clude that handgrip and weight carrying equally evaluate the diastolic 
blood pressure response to static effort. However, the greater myocardial 
oxygen demand and total body energy cost of weight carrying enhances 
the clinical application of this test. 


ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


741 
Electrode Pad Size, Transthoracic Impedance and Success of 
External Ventricular Defibrillation 

Gavin W.N. Daizell, Stephen R. Cunningham, John Anderson, and 

A.A. Jennifer Adgey 





We used self-adhesive, dual function electrocardiogram /defibrillator 
pads to assess the effect of electrode pad size on defibrillation success with 
low energy shocks (200 J) in 123 cardiac arrests due to primary ventricu- 
lar fibrillation in 105 patients (74 men, 31 women) ages 40 to 84 years 
(mean 64). Transthoracic impedance was measured before defibrillation 
using a 30-kHz current. Pad diameters were small (8 /8 cm), intermediate 
(8/12 cm) and large (12/12 cm). Transthoracic impedance decreased 
with increasing pad size (112 + 17 vs 92 + 22 vs 72 + 14 O, respectively, p 
= 0.0001). A single shock of 200 J was successful in 8 of 26 (31%) arrests 
using small pads, 40 of 63 (63%) with intermediate pads and 28 of 34 
(82%) with large pads (p = 0.0003). A second 200-J shock increased the 
cumulative defibrillation rates to 12 of 26 (46%), 50 of 63 (79%) and 33 of 
34 (97%), respectively (p <0.0001 ). Larger electrocardiogram /defibrilla- 
tor pads are associated with a lower transthoracic impedance and im- 
proved defibrillation success rates. 


_ Continued on page A33 n 


CARDIOLOGY VOLUN 










: Ta -a-day dosing* to make life easier for your arrhythmia patients. That’s the 
| Quinidex® advantage. Because, like the heart, Quinidex Extentabs® have been . 
— uniquely constructed for dependable around-the-clock performance. 


*Some patients may require tiid. 


QUINIDEX 
EXTENTABS 


(Quinidine Sulfate Extended- 
release Tablets, 75 300 n m 


AH: ROBINS 


Pharmaceutical Division, Richmond, Virginia 32 
A. H. Robins Company 1987 : 


“Please see adjacent page for brief summary, 





” Guinidine Sulfate Extended- 
release Tablets, USP) 300 mg 


‘The following isa briet summary only. Before prescribing, see complete prescribing OG erican 
information in Quinidex product tabeting. : 


“ Contralndications: intraventricular conduction defects. Complete A-V block. A-V 


Conduction disorders caused by digitalis intoxication. Aberrant impulses and abnormal 
thythms due to escape mechanisms. idiosyncrasy or hypersensitivity to quinidine or 
elated cinchona derivatives. Myasthenia gravis. 
‘Warniegs: in the treatment of atrial flutter, reversion to sinus rhythm may be preceded 
“by a progressive reduction in the degree of A-V block to a 1:1 ralio, resulting in an 

extremely rapid ventricular rate. This possible hazard may be reduced by digitalizafion 

prior to administration of quinidine. 

Reports in the literature indicate that serum concentrations of digoxin may increase 


“and may even double when quinidine is administered concurrently. Patients on 
‘Concomitant therapy should be carelully monitored for digitalis toxicity. Reduction of 


e 
digoxin dosage may have to be considered. 
‘Manifestations of quinidine cardiotoxicity such as excessive prolongation of the QT 
interval, widening of the ORS complex and ventricular tachyarrhythmia mandate 
immediate discontinuation of the drug and/or close clinical and electrocardiographic 


monitoring: 

In susceptible individuals, such as those with marginally compensated cardiovascular 
disease, quinidine may produce clinically important depression of cardiac function 
manifested by hypotension, bradycardia, or heartblock. Quinidine therapy should be 
carefully monitored in such individuals. 


sos corse AV Iek assole ray beaded. GUMINE AY AISE ADVERTISING SALES OFFICES 
‘abnormalities of cardiac rhythm in digitalized patients and therefore should be used with 


caution in the presence of digitalis intoxication. 
‘Quinine should be used wih caution in patents exhibiting eral, cardiac or hepatic NEW YORK, NEW YORK 


insuffici of l lation of quinidine in jeadi j » 
i re oral pol potential perea quinidine Sin k oe Michael A. Pepper, 212-463-6468 


ventricular tachycardia or fibrillation. This syndrome has no! been shown to be Robert C. Weidner, 212-463-6469 
riled a dose or sum eve. Syncopal episodes frequently terminate spontaneously or 
nS o nen but sometimes are fatal, 249 W. 17th St. 


a fave Gat repre Gwiloned inet ando; leat of bepal New York, N.Y. 10011 


enzymes, particularly in the early stages of therapy, warrant consideration of possible 
fae Mano enon ger wet tu Dice DES PLAINES, ILLINOIS 
Cessation of quiniding in tases ly resuits in the disappeatance of toxicity. 
Preesutions: General—All he precautions applying to regular quinidine therapy Wyman Carey, 312-635-8800 
apply to this product. Hypersensitivity or anaphylactoid reactions to quinidine, although 1350 E Touhy Ave., P.0. Box 5080 
rare, should be considered, especially during the first weeks of therapy. Hospitalization p a d 
tor close clinical observation, electracardiographic monitoring, and determination of Des Plaines, Ili. 60017-5080 
serum quinidine levels are indicated when large doses of quinidine are used or with 


its who present teased risk. 
a aoran for Patents As with all solid dosage medications, Quinidex WEST COAST 


Extentabs should be taken with an adequate amount of fluid, preferably with the patient in Renee Callahan, 714-851-9422 

an upright position to facilitate swallowing. They shouid be swallowed whole in order to 7 a 

prone be cooled alase tans. 18818 Teller Ave., Suite 170 
Laboratory Tests—Periodic blood counts and liver and kidney function tests should Irvine C: jif 92715 

be performed during long-term therapy: the drag should be discontinued if dinod , Vali. 

orp bacon ‘oF evidence af hepatic or renal dystunction occurs. 


INTERNATIONAL 


Effect Secs 
Quinine wi rotor drags Adve go eet Cahners Publishing Company 
nian M nS Akalinzalon ot urie g 27 Paul Street 


rase inhibitors, sodium ing in decreas London, EC2A, 4JU, England 
wine wh atts onoi ating Tel: 1-44 1 628-7030 


oww tubocurare, Potentiation of neuro- Telex: 91 4911 

suetinylholine an muscular blockade Fax: 1-44 1 839-6626 
Oire win phenothiazines tive cardi Managing Dir-Europe 
Quinidine with hepatic enzyme- Deceased ee E. D. Reuteler 

Increased serum concentration of re oe 5 redi a 

Quinidine with amiodarone Pleven ncaa of quinidine Tees THA 
ORR ereas nse Qe Scandinavia 
Quinidine with ranitidine Premature ventricular contractions 


and/or bigeminy Martin Sutcliffe 


‘Quinidine with verapamit increased quinidine half-life and an increase in n 
senum cube tevet: polenta Italy, France, Spain 
“peti San nance at aoe case e ame sensei | 
ipo eine ancy Clay. rina roan Switzerland, Germany, Austria, E. Europe 
shiciee have Po been conducted with quinine. Thee ae no adequale and wei Uwe Kretzschmar 


‘controlled studies in pregnant women. Quinidex Extentabs shouid be oda toa 
pregnant woman oniy if cleaty indicated. JAPAN 


“Nonteratogenic Eflects: Lik idine has been reported to have 
popes Mogae Bres. tes teeth ariran RE sotrg ie Tea omea Kaoru Hara—03-366-8301 


Dynaco International, Inc. 
E cd lvery-— There is no known use or Quinidex Exentabs in tabor and + sg 
: g Home anes ee orge properties, The Suite 1003, Sun-Palace Shinjuku 
Mothers Because of passage of the drug into breast te caution should 8-12-1 Nishishinjuku Shinjuku-ku 
‘be exercised when Quinidex Extentabs are administered to a nursing woman, Tokyo 160, Japan 
Pediatric Use- There are no adequate and well-controited studies establishing the y , Jap 
safety and eflactiveness of Quinidex Extentabs in children, Fax: 03 366-8302 


har deans itemise, hae, aot, an led vison ay Telex: 12322609 DYNACO 
appear in sensitive patients afer a single dose of the drug. The most frequently 
Seanad sige sects wo quinine ae ashen 
Gastrointestinal—Nausea, vomiting; abdominal pain, diarrhea, anorexia, 
raavraous nepali (ach ray be precedes DY levers esophagitis. 
“pama teas menan A te OS omg we pose mena cange RY Production Manager: Marty Schlessel 
 fachycartia and fibrillation; veriticular fuer torsade de pointes; Telephone: 212-463-6546 
Reprints Manager: Herbert V. Paureiss, In 
—_ehiiamelogic and Ooo Disturbed hearing {i Telephone: 212-463-6437. 
: Sa Fax New York Office: 212-463-6 
Director of Production: Robert Elder 
Director of Art Department: Barrie Stern 


Contracts Coordinator: Katia Barragan: 


CAHNERS PUBLISHING SOMPANY | 
249 W. 17th St, NY; N 





CONSULTATION REPORT 


Date of Admission: 
Date of Consultation: 
CONSULT ING PHYSICIAN: 

TENDING PHYSICIAN: 


5/12/89 
57137 


History: mr. Jones is a 53-year 


Was admitted to the hospital! on 5 


Pattern. His cardiac symptoms fir 


chest discomfort, occasionally radi: 


have a positive thallium s 


suitcase in the airport w- 
and shortness of brea* 
Slightest exertior 
hospital admic 
depressions ì 
limits quantita 
substerna| burning 
pain-free since thai 
RISK FACTORS: Risk fac 
congestive heart failure 


mother nor any of his three 
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ST-segment 
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WITH A LOWER 
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ADVERSE REACTIONS 






Nonionic 

ISOVU E-370 (iopamidol injection 76%) 
Exhibits Lower Incidence 
of Adverse Reactions 
than lonic loxaglate 


p< 0.005 
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loxaglate 
n=30 





The number of patients experiencing adverse reactions was significantly less 
with ISOVUE than with ioxaglate. 





@6These results indicate that the 
nonionic contrast medium iopamidol is 
better tolerated than the ionic dimer 
ioxaglate during cardiac and coronary 
angiography. 99 * 





*A double-blind study involving 60 male patients (30 patients 
in each group) was conducted to compare the electrocardio- 
graphic and hemodynamic effects of ISOVUE and ioxaglate. 
Procedures studied were left ventriculography and selec- 
tive coronary angiography. There were no statistical differ- 
ences in age, severity of coronary artery disease, or LV 
p function between each group. 


1 Wisneski JA, Gertz EW, Dahlgren M, Muslin A: Com- 
parison of low osmolality ionic (loxaglate) versus 
nonionic (lopamidol) contrast media in cardiac 
angiography. Am J Cardiol 1989; 63:487-495. 
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ECG CHANGES 






Nonionic 

ISOVU E-370 (iopamidol injection 76%) 
Exhibits Less Impact 

on the Myocardium than 
lonic loxaglate 


TYPICAL ECG EFFECTS AFTER INJECTION? 
} Inj ISOVUE 
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Compared to ioxaglate, ISOVUE had no significant ECG effects during right 
coronary angiography. 


66This report demonstrates that mild 

to moderate adverse reactions, QT inter- 
val prolongations, ST and T wave changes 
are significantly greater during coronary 
angiography with loxaglate compared with 
iopamidol. 99 * 


~  Aswith alli injectable contrast agents, the possibility of severe reactions 
3 should be borne in mind, regardless of patient's preexisting medical history. 


~? Data on file, Squibb Institute for Medical Research. 
a See following page for brief summary of prescribing Information. 


d NONIONIC 





(iopamidol injection 76%) 
The Molecule Makes the Difference 


M) SQUIBB” 


Diagnostics 


ISOVUE”-200 
lopamidol Injection 41% 


ISOVUE"-300 
lopamidol Injection 61% 


ISOVUE"-370 
lopamidol Injection 76% 


CONTRAINDICATIONS—None. 


WARNINGS-—Nonionic iodinated contrast media inhibit blood coagulation, in vitro, less 
than ionic contrast media. Clotting has been reported when blood remains in contact 
with syringes containing nonionic contrast media. 

Serious, rarely fatal, thromboembolic events causing myocardial infarction and stroke 
have been reported during angiographic procedures with both ionic and nonionic con- 
trast media. Therefore, meticulous intravascular administration technique is necessary, 
particularly during angiographic procedures, to minimize thromboembolic events. 
Numerous factors, including length of procedure, catheter and syringe material, under- 
lying disease state, and concomitant medications may contribute to the development of 
thromboembolic events. For these reasons, meticulous angiographic techniques are 
recommended including close attention to guidewire and catheter manipulation, use of 
manifold systems and/or three way stopcocks, frequent catheter flushing with hepa- 
rinized saline solutions, and minimizing the length of the procedure. The use of plastic 
syringes in place of glass syringes has been reported to decrease but not eliminate the 
likelihood of in vitro clotting. 

Use caution in patients with severely impaired renal function, combined renal and 
hepatic disease, or anuria, particularly when larger doses are administered. Radiopaque 
diagnostic contrast agents are potentially hazardous in patients with multiple myeloma 
or other paraproteinemia, particularly in those with therapeutically resistant anuria. Ithas 
been speculated that the combination of the contrast agent and dehydration may be 
causative of anuria in myelomatous patients. This risk is not a contraindication; however, 
special precautions are required. Contrast media may promote sickling in individuals 
who are homozygous for sickle cell disease when injected intravenously or intra- 
arterially. Administration to patients known or suspected of having pheochromocytoma 
should be performed with extreme caution. If the possible benefits outweigh the con- 
sidered risks, the procedures may be performed; however, the amount of the medium 
injected should be kept to an absolute minimum. Assess blood pressure throughout the 
procedure and have measures for treatment of a hypertensive crisis available. Monitor 
such patients very closely. Use caution in patients with hyperthyroidism or with an 
autonomously functioning thyroid nodule because of risk of thyroid storm. 


PRECAUTIONS: General—Diagnostic procedures should be carried out under the di- 
rection of personnel with the prerequisite training and a thorough knowledge of the par- 
ticular procedure to be performed. Appropriate facilities should be available for coping 
with any complication of the procedure, or for emergency treatment of severe reaction 
to the agent itself. After parenteral administration, competent personnel and emergency 
facilities should be available for at least 30 to 60 minutes since severe delayed reactions 
may occur. Preparatory dehydration is dangerous and may contribute to acute renal 
failure in susceptible patients. Patients should be well hydrated prior to and following 
administration. Reactions to the medium, including serious, life-threatening, fatal, ana- 
phylactoid or cardiovascular reactions, should always be considered (see ADVERSE 
REACTIONS in the product package insert). Patients at increased risk include those 
with a history of a previous reaction to a contrast medium, a known sensitivity to iodine 
per se, and a known clinical hypersensitivity (bronchial asthma, hay fever, and food al- 
lergies). Pretesting cannot be relied upon to predict severe reactions and may itself be 
hazardous for the patient. A thorough medical history with emphasis on allergy and 
hypersensitivity prior to the injection of any contrast medium may be more predictive 
and accurate than pretesting. Premedication with antihistamines or corticosteroids to 
avoid or minimize possible allergic reactions in such patients should be considered. 
General anesthesia may be indicated in some procedures in selected patients; how- 
ever, a higher incidence of adverse reactions has been reported in anesthetized patients, 
which may be attributable to the inability of the patient to identify untoward symptoms, 
or to the hypotensive effect of anesthesia which can reduce cardiac output and increase 
the duration of exposure to the agent. Even though the osmolality is low compared to 
diatrizoate or iothalamate based ionic agents of comparable iodine concentration, the 
potential transitory increase in the circulatory osmotic load in patients with congestive 
heart failure requires caution during injection. Observe these patients for several hours 
following the procedure. In angiographic procedures, be aware of the possibility of 
dislodging plaques or damaging or perforating the vessel wall during catheter manipu- 
lations and contrast medium injection. Test injections to ensure proper catheter place- 
ment are suggested. 

The inhibitory effects of nonionic contrast media on mechanisms of hemostasis have 
been shown, in vitro, to be less than ionic contrast media at comparable concentrations. 
For this reason, standard angiographic procedures should always be followed: angio- 
graphic catheters should be flushed frequently, and prolonged contact of blood with 
contrast in syringes and catheters should be avoided. Perform selective coronary arteri- 
ography only in those in whom the expected benefits outweigh the procedural risk. The 
inherent risks of angiocardiography in patients with chronic pulmonary emphysema 
must be weighed against the necessity for performing this procedure. Angiography 
should be avoided whenever possible in patients with homocystinuria, because of the 
risk of inducing thrombosis and embolism. 

In addition to the general precautions previously described, special care is required 
when venography is performed in patients with suspected thrombosis, phlebitis, severe 
ischemic disease, local infection or a totally obstructed venous system. 

Extreme caution during injection of contrast media is necessary to avoid extravasa- 
tion and fluoroscopy is recommended. This is especially important in patients with 
severe arterial or venous disease. 


Drug Interactions—Renal toxicity has been reported in a few patients with liver dysfunc- 
tion who were given oral cholecystographic agents followed by intravascular contrast 
agents. Administration of intravascular agents should therefore be postponed in any 
patient with a known or suspected hepatic or biliary disorder who has recently received 
a cholecystographic contrast agent. Other drugs should not be admixed with iopamidol. 


Drug/Laboratory Test Interactions—PBI and radioactive iodine uptake studies will not 
accurately reflect thyroid function for up to 16 days following administration, however T3 
resin uptake and total or free thyroxine (T4) assays are not affected. Any test which 
might be affected by contrast media should be performed prior to administration of the 
contrast media. 


Carcinogenesis, Mutagenesis, Impairment of Fertility—In animal reproduction studies 
performed on rats, intravenously administered iopamidol did not induce adverse ef- 
fects on fertility or general reproductive performance. In studies to determine muta- 
genic activity, iopamidol did not cause any increase in mutation rates. 


Pregnancy Category B—No teratogenic effects attributable to iopamido! have been 
observed in teratology studies performed in animals. There are, however, no adequate 
and well controlled studies in pregnant women. It is not known whether iopamidol crosses 
the placental barrier or reaches fetal tissues. Because animal studies are not always 
predictive of human response, this drug should be used during pregnancy only if clearly 
needed. Radiologic procedures involve a certain risk related to the exposure of the 
fetus to ionizing radiation. 


Labor and Delivery—lt is not known whether use during labor or delivery has immediate 
or delayed adverse effects on the labor, the delivery or the newborn. 


Nursing Mothers-—it is not known whether iopamidol is excreted in human milk. Use 
caution when contrast media are administered to nursing women because of potential 
adverse reactions; consideration should be given to temporarily discontinuing nursing. 


Pediatric Use—Satfety and effectiveness in children have not been established. 


ADVERSE REACTIONS—Usually mild to moderate, self-limited and transient. In angio- 
cardiography (597 patients), the adverse reactions with an estimated incidence of one 
percent or higher are: hot flashes 3.4%; angina pectoris 3.0%; flushing 1.8%; brady- 
cardia 1.3%; hypotension 1.0%; hives 1.0%. Intravascular injection is frequently associ- 
ated with the sensation of warmth and pain, especially in peripheral arteriography and 
venography; pain and warmth are less frequent and less severe with ISOVUE (iopamidol 
injection) than with diatrizoate meglumine and diatrizoate sodium injection. The follow- 
ing table of incidence of reactions is based on clinical studies with ISOVUE in about 
1941 patients. 


Adverse Reactions 
Estimated Overall Incidence 
> 1% 


none 


System <1% 


tachycardia 
hypotension 
hypertension 
myocardial ischemia 
circulatory collapse 
S-T segment depression 
bigeminy 
extrasystoles 
ventricular fibrillation 
angina pectoris 
bradycardia 
transient ischemic attack 
thrombophlebitis 
vasovagal reaction 
tingling in arms 
grimace 

faintness 

vomiting 

anorexia 

throat constriction 
dyspnea 

pulmonary edema 
rash 

urticaria 

pruritus 

flushing 

headache 

fever 

chills 

excessive sweating 
back spasm 

taste alterations 
warmth in throat/arms/chest 
nasal congestion 
visual disturbances 
urinary retention 





Cardiovascular 


Nervous pain (2.8%) 


burning sensation (1.4%) 


Digestive nausea (1.2%) 


Respiratory none 


Skin and Appendages none 


Body as a Whole hot flashes (1.5%) 


Special Senses warmth (1.1%) 


Urogenital none 


Regardless of the agent employed, overall estimated incidence of serious adverse 
reactions is higher with coronary arteriography than with other procedures. Cardiac 
decompensation, serious arrhythmias, or myocardial ischemia or infarction may occur 
during coronary arteriography and left ventriculography. Following coronary and ventric- 
ular injections, certain electrocardiographic changes (increased QTc, increased R-R, 
T-wave amplitude) and certain hemodynamic changes (decreased systolic pressure) 
occurred less frequently with ISOVUE (iopamidol injection) than with diatrizoate 
meglumine and diatrizoate sodium injection; increased LVEDP occurred less frequently 
after ventricular iopamidol injections. In aortography, the risks of procedures also in- 
clude injury to the aorta and neighboring organs, pleural puncture, renal damage in- 
cluding infarction and acute tubular necrosis with oliguria and anuria, accidental selective 
filling of the right renal artery during the translumbar procedure in the presence of pre- 
existing renal disease, retroperitoneal hemorrhage from the translumbar approach, and 
spinal cord injury and pathology associated with the syndrome of transverse myelitis. 
Adverse effects reported in literature include arrhythmia, arterial spasms, hematuria, 
periorbital edema, involuntary leg movement, malaise, and triggering of deglutition; some 
of these may be procedural. Other reactions due to procedural hazards include hemor- 
rhage or pseudoaneurysms at the puncture site, brachial plexus palsy following axillary 
artery injections, chest pain, myocardial infarction, and transient changes in hepatorenal 
chemistry tests; and rarely arterial thrombosis, displacement of arterial plaques, ve- 
nous thrombosis, dissection of the coronary vessels and transient sinus arrest. 


General Adverse Reactions To Contrast Media—Reactions known to occur with paren- 
teral administration of iodinated ionic contrast agents (see the listing below) are possible 
with any nonionic agent. Life-threatening reactions and fatalities, mostly of cardiovas- 
cular origin, have occurred. Reported incidences of death from the administration of 
other iodinated contrast media range from 6.6 per 1 million (0.00066%) to 1 in 10,000 
patients (0.01%). Most deaths occur during injection or 5 to 10 minutes later, the main 
feature being cardiac arrest with cardiovascular disease as the main aggravating factor. 
Isolated reports of hypotensive collapse and shock (est. 0.005%) are found in the litera- 
ture. Experience with iopamidol suggests there is much less discomfort (e.g., pain and/or 
warmth) with peripheral arteriography. Fewer changes are noted in ventricular function 
after ventriculography and coronary arteriography. The reported incidence of adverse 
reactions to contrast media in patients with a history of allergy is twice that for the 
general population; patients with a history of previous reactions to a contrast medium 
are three times more susceptible. Most reactions to intravascular contrast agents ap- 
pear within 1-3 minutes after the start of injection, but delayed reactions may occur (see 
PRECAUTIONS, General). Adverse reactions reported with other intravascular contrast 
agents and theoretically possible with iopamidol include: Cardiovascular: vasodilation, 
cerebral hematomas, petechiae; Nervous: paresthesia, dizziness, convulsions, paraly- 
sis, coma; Respiratory: increased cough, asthma, laryngeal edema, pulmonary edema, 
bronchospasm, rhinitis; Skin and Appendages: injection site pain usually due to extrav- 
asation and/or erythematous swelling, skin necrosis; Urogenital: osmotic nephrosis of 
proximal tubular cells, renal failure, pain; Special Senses: bilateral ocular irritation; lac- 
rimation; conjunctival chemosis, infection, and conjunctivitis; Other: neutropenia, throm- 
bophlebitis, flushing, pallor, weakness, severe retching and choking, wheezing, cramps, 
tremors, and sneezing. 


For full prescribing information consult package insert. (J3-652G) 





As with all injectable contrast agents, the possibility of severe reactions should be 
borne in mind, regardless of patient’s preexisting medical history. See full prescribing 
information for contraindications, warnings, precautions and adverse reactions. 


Under license from Bracco Industria Chimica S.p.A. U.S. Patent #4,001,323 
© 1989 E.R. Squibb & Sons, Inc., Princeton, NJ 
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Improvement of Diastolic Function After Reversal of Left 
Ventricular Hypertrophy Induced by Long-Term 
Antihypertensive Treatment with Tertatolol 

Bruno Trimarco, Nicola De Luca, Giovanni Rosiello, Bruno 
Ricciardelli, Sandro Betocchi, Pasquale Perrone Filardi, 

Massimo Raponi, and Mario Condorelli 


Fifteen previously untreated hypertensive subjects with left ventricular 
(LV) hypertrophy responded favorably (supine blood pressure <140/90 
mm Hg) to antihypertensive treatment with a nonselective 6-blocking 
agent, tertatolol. We then assessed radionuclide systolic and diastolic 
function in control conditions (phase 1), after 1 month of blood pressure 
normalization (phase 2), after reversal of LV hypertrophy or at least a 
20% reduction in LV mass versus the basal value (phase 3) and, finally, 
after a 1-month washout (phase 4). In phase 2 blood pressure and heart 
rate decreased (both p <0.01), while LV mass remained unchanged. 
There was improvement in peak filling rate (end-diastolic volume /s) (2.4 
+ 0.1 vs 2.0 + 0.1), in ejection fraction (65 + 1 vs 61 + 1%) and in their 
ratio (3.7 + 0.2 vs 3.2 + 0.1 stroke counts/s) (all p <0.05). In phase 3, 
blood pressure and heart rate were unchanged and reversal of LV hyper- 
trophy was accompanied by a further increase in peak filling rate (2.9 + 
0.1), ejection fraction (69 + 1%) and their ratio (4.1 + 0.1 stroke counts / 
s) compared to phase 2 (all p <0.01). In phase 4 blood pressure and heart 
rate returned to basal values, but peak filling rate (2.7 + 0.1), ejection 
fraction (65 + 1%) and their ratio (4.1 + 0.1 stroke counts /s) were still 
higher (p <0.01). Thus, both blood pressure reduction and reversal of LV 
hypertrophy can improve diastolic filling. 
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importance of Overweight in Studies of Left Ventricular 
Hypertrophy and Diastolic Function in Mild Systemic 
Hypertension 

Brent Egan, M. Andrew Fitzpatrick, Jack Juni, Andrew J. Buda, and 
Andrew Zweifler 


We assessed left ventricular wall thickness, muscle mass, diastolic func- 
tion and forearm vasodilator reserve in 18 mildly hypertensive patients and 
13 normotensive control subjects of similar age and weight. No significant 
group differences were identified for any of the indexes of cardiovascular - 
injury. Analysis of the data indicated that Metropolitan Life Insurance 
Co. Relative Weight values and to a lesser extent age contribute signifi- 
cantly to interindividual differences in cardiovascular structure and func- _ 
‘tion. Our findings underscore the importance of weight- and age-matched 
control subjects when cardiovascular abnormalities are evaluated in hy- 
ttensive patients. IE 
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Usefulness of the Doppler Mean Gradient in Evaluation of 
Children with Aortic Valve Stenosis and Comparison to 
Gradient at Catheterization 

A. Resai Bengur, A. Rebecca Snider, Gerald A. Serwer, Jane Peters, and 
Amnon Rosenthal 





To assess the usefulness of the Doppler mean gradient as a noninvasive 
indicator of the need for intervention, 33 children with aortic stenosis (AS) 
underwent a Doppler examination a median of | day before catheteriza- 
tion. The decision for intervention, arrived at independently, was com- 
pared to the Doppler mean gradient. All 12 patients with a Doppler mean 
gradient >27 mm Hg required intervention and had a catheterization 
peak-to-peak gradient 275 mm Hg. All 3 patients with a Doppler mean 
gradient <17 mm Hg required no intervention and had a peak-to-peak 
gradient <50 mm Hg. Of the remaining 18 patients, 1 1 required interven- 
tion and 7 did not. In this group, Doppler mean gradient alone (which was 
between 17 and 27) did not predict the need for intervention. From a chi- 
square table, a Doppler mean gradient >27 mm Hg predicted the need for 
intervention with 100% specificity but only 52% sensitivity. To improve 
the ability to predict the need for intervention, we combined additional 
noninvasive data with the Doppler mean gradient. If the criterion for 
predicting intervention is a Doppler mean gradient >27 mm Hg or a 
Doppler mean gradient between 17 and 27 mm Hg in the presence of 
symptoms or an abnormal exercise treadmill test, then the sensitivity is 
96% and the specificity is 80%. 


OB er A ett E 
Predictors of Rhythm Disturbances and Subsequent Morbidity 
After the Fontan Operation 

Howard S. Weber, William E. Hellenbrand, Charles S. Kleinman, 

Robin A. Perlmutter, and Lynda E. Rosenfeld 


Immediate and late postoperative arrhythmias occurred frequently (43 
and 48%, respectively) in 23 patients who underwent a Fontan operation 
between 1977 and 1986. Arrhythmias included bradyarrhythmias, atrial 
tachyarrhythmias, the tachy-brady syndrome and supraventricular ectop- 
ic activity. The electrocardiographic, hemodynamic and surgical data of 
all patients were retrospectively reviewed to identify the predictors of these 
arrhythmias. The preoperative electrocardiogram revealed greater abnor- 
malities in atrial conduction (P-wave duration and negative deflection in 
lead V;) in patients who developed postoperative arrhythmias. The ap- 
pearance of an immediate arrhythmia also predicted late arrhythmias (p 
= 0.022). With long-term follow-up (6.3 + 2.6 years) there is a continu- 
ous decline in the percentage of arrhythmia-free patients. We speculate 
that this trend and its associated morbidity will continue. 


ee Continued on page A38 S i 
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Trandate” Tablets 
fabetaiol hydrochforide) 
Fhe following is.a brief summary only. Before prescribing. see complete prescribing information in 
randate* Tablets product labeling. 
CONTRAINDICATIONS: Trandate* Tablets are contraindicated in bronchial asthma, overt cardiac fail- 
i g ater-than-first-degree heart block, cardiogenic shock. and severe bradycardia (see WARN- 
INGS). = 
VARNINGS: Hepatic Injury: Severe hepatocellular injury. confirmed by rechallenge in at least one 
ase, occurs rarely with labetalol therapy. The hepatic injury is usually reversible. but hepatic necrosis 
_ and death have been reported. injury has occurred after both short- and long-term treatment and 
may be slowly progressive despite minimal symptomatology. Appropriate laboratory testing should 
e done at the first symptom/sign of liver dystunction (eg. pruritus, dark urine. persistent anorexia. 
jaundice; right upper quadrant tenderness, or unexplained “flu-like symptoms). If the patient has 
Jaboratory evidence of liver injury or jaundice, labetalol should be stopped and not restarted. 
Cardiac Failure: Sympathetic stimulation is a vital component supporting circulatory function in con- 
estive heart failure. Beta-blockade carries a potential hazard of further depressing myocardial 
‘ontractility and precipitating more severe failure, Although beta-blockers should be avoided in overt 
ongestive heart failure, if necessary, labetalol HC! can be used with caution in patients with a history 
of heart failure who are well compensated. Congestive heart failure has been observed in patients 
‘eceiving labetalol HCI. Labetalo! HC! does not abolish the inotropic action of digitalis on heart 
“musele: 
-in Patients Without a History of Cardiac Failure: In patients with latent cardiac insufficiency. continued 
depression of the myocardium with beta-blocking agents over a period of time can. in some cases. 
lead to cardiac failure. At the first sign or symptom of impending cardiac failure. patients should be 
fully digitalized and/or be given a diuretic, and the response should be observed closely. If cardiac 
iluré continues despite adequate digitalization and diuretic. Trandate therapy should be withdrawn 
gradually. if possible). 
xacerbation of ischemic Heart Disease Following Abrupt Withdrawal: Angina pectoris has not been 
reported upon labetato! HCI discontinuation. However, hypersensitivity to catecholamines has been 
observed in patients withdrawn from beta-blocker therapy: exacerbation of angina and, in some 
cases, myocardial infarction have occurred after abrupt discontinuation of such therapy When dis- 
Continuing chronically administered Trandate, particularly in patients with ischemic heart discase, the 
dosage should be gradually reduced over a period of one to two weeks and the patient should be 
carefully monitored. If angina markedly worsens or acute coronary insufficiency develops, Trandate 
administration should be reinstituted promptly, at least temporarily. and other measures appropriate 
- forthe management of unstable angina should be taken. Patients should be warned against interrup- 
ion: or discontinuation of therapy without the physician's advice. Because coronary artery disease is 
ommon and may be unrecognized. it may be prudent not to discontinue Trandate therapy abruptly 
ever inpatients treated only for hypertension. 
naltergic Bronchospasm (eg, Chronic Bronchitis and Emphysema): Patients with bronchospastic 
isease should, in general, not receive beta-blockers. Trandate may be used with caution. however. 
n patients who do not respond to. or cannot tolerate, other antihypertensive agents. it is prudent. if 
Trandate is. used. to use the smallest effective dose, so that inhibition of endogenous or exogenous 
beta-agonists is minimized. 
Pheochromocytoma: Labetalol HCI has been shown to be effective in lowering blood pressure and 
relieving symptoms in patients with pheochromocytoma. However, paradoxical hypertensive 
responses have been reported in a tew patients with this tumor: therefore. use caution when adminis- 
tering labetalol HCl to patients with pheochromocytoma. 
Diabetes Mellitus and Hypoglycemia: Beta-adrenergic blockade may prevent the appearance of pre- 
monitory Signs and symptoms (eg. tachycardia) of acute hypoglycemia. This is especially important 
ith Jabile diabetics. Beta-blockade also reduces the release of insulin in response to hypergiycemia: 
it-miay therefore be necessary to adjust the dose of antidiabetic drugs. 
Major Surgery: The necessity or desirability of withdrawing beta-biocking therapy before major sur- 
gery is. controversial. Protracted severe hypotension and difficulty in restarting or maintaining a 
heartbeat have been reported with beta-blockers. The effect of labetalol HCI's alpha-adrenergic activ- 
ty has not been evatuated in this setting. 
` A synergism between labetalol HCI and halothane anesthesia has been shown (see PRECAUTIONS: 
Orug Interactions). 
PRECAUTIONS: General: Impaired Hepatic Function: Trandate* Tablets should be used with caution In 
patients with impaired hepatic function since metabolism of the drug may be diminished. 
Jaundice or Hepatic Dystunctian: (see WARNINGS). 
information tor Patients: As with all drugs with beta-blocking activity, certain advice to patients being 
treated with labetalol HC! is warranted. This information is intended to aid in the safe and effective use 
of this medication. It is not a disclosure of all possible adverse or intended effects. While no incidence 
of the abrupt withdrawal phenomenon (exacerbation of angina pectoris) has been reported with 
labetalol HCI; dosing with Trandate Tablets should not be interrupted or discontinued without a physi- 
jan’s advice. Patients being treated with Trandate Tablets should consult a physician at any signs or 
symptoms of impending cardiac failure or hepatic dysfunction (see WARNINGS}. Also. transient 
scalp tingling may occur, usually when treatment with Trandate Tablets is initiated (see ADVERSE 
REACTIONS). 
‘Laboratory Tests: As with any new drug given over protonged periods, laboratory parameters should 
be observed ‘over regular intervals. In patients with concomitant illnesses. such as impaired renal 
function; appropriate tests should be done to monitor these conditions. 
Drug interactions: in one survey, 2.3% of patients taking labetalol HCI in combination with tricyclic 
antidepressants experienced tremor as compared to 0.7% reported to occur with labetalol HCI alone 
The contribution of each of the treatments to this adverse reaction is unknown, but the possibility of a 
‘ug interaction cannot be excluded 
_ Drugs possessing beta-blocking properties can blunt the bronchodilator effect of beta-receptor 
ist drugs in patients with bronchospasm, therefore, doses greater than the normal antiasthmatic 
è of beta-agonist bronchodilator drugs may be required. 
‘Cimetidine has been shown to increase the bioavailability of labetalol HCI. Since this could be 
xplained either by enhanced absorption or by an alteration of hepatic metabolism of labetalol HCl. 
ecial care should be used in establishing the dose required for blood pressure control in such 
Hants. 
ism has been shown between halothane anesthesia and intravenously administered labetalol 
ing controlled hypotensive anesthesia using labetalol HCI in association with halothane, high 
oncentrations (3% or above) of halothane should not be used because the degree of hypotension will 
increased and because of the possibility of a large reduction in cardiac output and an increase in 
intral venous pressure. The anesthesiologist should be informed when a patient is receiving 
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iex tachycardia produced by nitroglycerin without preventing its hypo- 
is used with nitroglycerin in patients with angina pectoris, additional 







technique. 

Carcinogenesis, Mutagenesis, impairment of Fertility: Long-term oral dosing studies with labetalol 
HCI for 18 months in mice and for two years in rats showed no evidence of carcinogenesis. Studies 
with labetalol HCI using dominant lethal assays in rats and mice and exposing microorganisms 
according to modified Ames tests showed no evidence of mutagenesis. 

Pregnancy: Teratogenic Effects: Pregnancy Category C: Teratogenic studies were performed with 
latetalol in rats and rabbits at oral doses up to approximately six and tour times the maximum.recom- 
mended human dose (MRHD). respectively. No reproducible evidence of fetal malformations was 
observed. Increased fetal resorptions were seen in both species at doses approximating the MRHD.A 
teratology study performed with labetalol in rabbits at intravenous doses up to 1.7 times the MRHD 
revealed no evidence of drug-related harm to the fetus. There are no adequate and well-controlled 
studies in pregnant women. Labetatol should be used during pregnancy only if the potential benefit 
justifies the potential risk to the fetus. 

Nonteratogenic Effects: Transient hypotension, bradycardia, and hypoglycemia have been rarely 
observed in infants of mothers who were treated with labetalol HCI for hypertension during preg- 
nancy. Oral administration of labetalol to rats during late gestation through weaning at doses of two 
to four times the MRHD caused a decrease in neonatal survival. 

Labor and Delivery: Labetala! HCI given to pregnant women with hypertension did not appear to affect 
the usual course of labor and delivery. 

Nursing Mothers: Small amounts of labetalol (approximately 0.004% of the maternal dose) are 
excreted in human milk. Caution should be exercised when Trandate Tablets are administered to a 
nursing woman 

Pediatric Use: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS: Most adverse effects are mild and transient and occur early in the course of 
treatment. In controlled clinical trials of three to four months’ duration, discontinuation of Trandate* 
Tablets due to one or more adverse effects was required in 7% of all patients. In these same trials, 
beta-blocker contro! agents led to discontinuation in 8% to 10% of patients, and a centrally acting 
alpha-agonist ied to discontinuation in 30% of patients. 

The following adverse reactions were derived from multicenter. controlled clinical trials over treat- 
ment periods of three and four months. The rates, which ranged from less than 1% to 5% except as 
otherwise noted. are based on adverse reactions considered probably drug-related by the investiga- 
tor. if all reports are considered. the rates are somewhat higher (eg. dizziness, 20%; nausea, 14%: 
fatigue, 11%). 

Body as a Whole: Fatigue. asthenia, headache. Gastrointestinal: Nausea (6%), vomiting, dyspep- 
sia. diarrhea. taste distortion. Central and Peripheral Nervous Systems: Dizziness (11%), 
paresthesia. drowsiness. Autonomic Nervous System: Nasal stulfiness, ejaculation failure. impo- 
tence. increased sweating. Cardiovascular: Edema. postural hypotension. Respiratory: Dyspnea. 
Skin: Rash. Special Senses: Vision abnormality. vertigo. 

The adverse effects were reported spontaneously and are representative of the incidence of 
adverse effects that may be observed in a properly selected hypertensive patient population, ie. a 
group excluding patients with bronchospastic disease, overt congestive heart failure. or other contra- 
indications to beta-blocker therapy. 

Clinica’ trials also included studies utilizing daily doses up to 2400 mg in more severely hyperten- 
sive patients. The US therapeutic trials data base for adverse reactions that are clearly or possibly 
dose-related shows that the following side effects increased with increasing dose: dizziness. fatigue, 
nausea, vomiting. dyspepsia. paresthesia, nasal stuffiness, ejaculation failure, impotence, and 
edema. 

In addition, a number of other less common adverse events have been reported: 

Body as a Whole: Fever. Cardiovascular: Postural hypotension. including, rarely. syncope. Central 
and Peripheral Nervous Systems: Paresthesia. most frequently described as scalp tingling. In most 
cases, it was mild and transient and usually occurred at the beginning of treatment. Collagen Dis- 
orders: Systemic lupus erythematosus. positive antinuclear factor. Eyes: Dry eyes. Immunological 
System: Antimitochondrial antibodies. Liver and Biliary System: Hepatic necrosis, hepatitis, chole- 
static jaundice. elevated liver function tests. Musculoskeletal System: Muscle cramps, toxic myopathy. 
Respiratory System: Bronchospasm. Skin and Appendages: Rashes of various types, such as: gener- 
alized maculopapuiar, lichenoid, urticarial, bullous lichen planus, psoriaform, and facial erythema; 
Payronie’s disease: reversible alopecia. Urinary System: Difficulty in micturition, including acute 
urinary biadder retention. 

Following approval for marketing in the United Kingdom, a monitored release survey involving 
aoproximately 6.800 patients was conducted for further safety and efficacy evaluation af this prod- 
uct. Results of this survey indicate that the type, severity, and incidence of adverse effects were 
comparable to those cited above. 

Potential Adverse Effects: In addition, other adverse effects not listed above have been reported with 
other beta-adrenergic blocking agents. Central Nervous System: Reversible mental depression pro- 
gressing to catatonia, an acute reversible syndrome characterized by disorientation for time and 
place, short-term memory loss, emotional lability, slightly clouded sensorium, and decreased per- 
formance on psychometrics. Cardiovascular: intensification of A-V block (see CONTRAINDICA- 
TIONS), Allergic: Fever combined with aching and sore throat, laryngospasm, respiratory distress. 
Hematolegic: granulocytosis, thrombocytopenic or nonthrombocytopenic purpura. Gastrointesti- 
nal: Mesenteric artery thrombosis, ischemic colitis. The oculomucocutaneous syndrome associated 
with the beta-blocker practolol has not been reported with labetaloi HCI. 
Clinical Laboratory Tests: There have been reversible increases of serum transaminases in 4% of 
patients treated with labetalol HCI and tested and, more rarely, reversible increases in blood urea. 
OVERDOSAGE: information concerning possible overdosage and its treatment appears in the full pre- 
scribing information. 
DOSAGE AND ADMINISTRATION: DOSAGE MUST BE INDIVIDUALIZED. The recommended initial dos- 
age is 100 mg twice daily whether used alone or added to a diuretic regimen. After two or three days, 
using standing blood pressure as an indicator. dosage may be titrated in increments of 100 mg bid 
every two or three days. The usual maintenance dosage of labetalol HCI is between 200 and 400 mg 
twice dai’y. Before use, see complete prescribing information for dosage details. 
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A complete, 
state-of-the-art 
review— 
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1. The History of Heart and Heart-Lung 
Transplantation. 


‘Part 2: Basic Mechanisms. 
2. Physiology of the Transplanted Heart. 
3. Physiology of the Lung in Human Heart- 
Lung Transplantation. 
4, Pathology of the Transplanted Heart and 
Lung. 
5. Immunologic Mechanisms of Cardiac 
Transplant Rejection. 
Part 3: Clinical Aspects. 
6. Selection of Patients for Cardiac 
Transplantation. 
. Donor Identification and Organ 
Procurement for Cardiac Transplantation. 
. Cardiac Transplantation: The Operative 
Technique. 
. Diagnosis and Treatment of Cardiac 
Allograft Rejection. 


. Infectious Complications of Transplantation. 


. Hypertension Following Orthotopic Cardiac 
Transplantation. 

. Renal Failure in Cardiac Transplantation. 

; Accelerated Coronary Atherosclerosis in 
Cardiac Transplantation. 

. Management and Long-Term Follow-up of 
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As cardiac transplantation becomes 
increasingly common, more physicians are 
faced with the many challenges it 
presents—patient selection, donor 
availability, immunosuppression, and 
immediate and long-term complications. 
Bringing together the experience of major 
transplant centers throughout the United 
States, this new book reviews the state of 
current practice and gives specific 
guidance to clinicians considering the 
suitability of transplantation for patients 
under their care. 


Prepared by authors who are actively 
engaged in the clinical practice of 
transplantation, this up-to-date and 
comprehensive look at a rapidly evolving 
field includes detailed discussions of: 

@ Basic physiology of the transplanted 
heart and lungs, with insight into the 
pre- and postoperative assessment of 
patients undergoing cardiac or 
cardiopulmonary transplantation. 

E Criteria for recipient selection, 
including the recent rise in the upper 
age limit to 60-65 years. 

E The national effort to increase the 
donor supply and to distribute available 
organs more equitably. 

E Preoperative preparation of the 
recipient. 

E Operative technique, including the 
alternative of heterotopic cardiac 
transplantation for patients with higher 
pulmonary vascular resistance. 

E Immunologic mechanisms, directed 
toward future selective inhibition of the 
immunologic response. 

m Clinical assessment of rejection and 
current immunosuppressive protocols, 
by authors with extensive experience in 


the use of monoclonal antibodies. _ 

@ Triple immunosuppressive therapy, 
using a lower dose of cyclosporine in 2 
effort to reduce its side effects; 

E Strategies for treating hypertension and 
renal failure resulting from use of. 
cyclosporine. ee 

@ Clinical manifestations and therap 
implications of accelerated coronary 
atherosclerosis, a major cause of la 
morbidity and mortality in transplant 
patients. a 

E Management and long-term follow-up of 
the transplant recipient. ae 

@ Quality of life of pediatric transplant 
patients, and the role of transplantati 
in neonates. ;; 

@ Results to be expected from ; 
transplantation of the heart with 
another major organ such as the live: 
or kidney. - 

E The new procedures of combined 
cardiopulmonary transplantation and 
single and double lung transplantatio: 


In its entirety, this highly readable 
stimulating volume will facilitate the _ 
recognition of patients who will benefi 
from transplantation and guide their pre 
and postoperative management. 


Edited by Mark E. Thompson, MD, _ 
Associate Professor of Medicine, Division 
of Cardiology, University of Pittsburgh _ 
School of Medicine, Pittsburgh, Pa.; with 
34 additional contributors. About 300 
pp. Illustd. Ready October 1989. About 
$60.00. = 
Cardiac Transplantation is Vol. 20, _ 
Number 2, in the Cardiovascular : 
Clinics, edited by Albert N. Brest, MD. 
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Occurrence of Congenital Heart Defects in Siblings of Patients 
with Univentricular Heart and Tricuspid Atresia 

Thomas J. Weigel, David J. Driscoll, and Virginia V. Michels 





We determined that the occurrence risk of congenital heart defects for 
siblings of patients with univentricular heart or tricuspid atresia is 2.8% 
(95% confidence limits 1.4 to 5%) and 1.0% (95% confidence limits 0.1 to 
3.6%), respectively. More complex forms of univentricular heart had a 
higher recurrence risk among siblings than simple double-inlet left ventri- 
cle. This is compatible with a multifactorial etiology. Parents of children 
with univentricular heart should be counseled that the risk of occurrence 
of congenital heart disease in a future child ranges from 1 to 5%, depend- 
ing on the type and complexity of univentricular heart. Splenic status 
should be determined for every patient with univentricular heart, because 
this may affect the occurrence risk. 
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Differing Responses in Right and Left Ventricular Filling, 
Loading and Volumes During Positive End-Expiratory Pressure 
Douglas S. Schulman, James W. Biondi, Richard A. Matthay, 

Barry L. Zaret, and Robert Soufer 





We evaluated 20 patients with a wide range of ventricular function during 
the application of positive end-expiratory pressure (PEEP). In 7 patients 
(group 1) left ventricular (LV) end-diastolic volume increased with 
PEEP, whereas in 13 patients (group 2) it decreased. Compared with 
group 2, group | had a higher incidence of coronary artery disease (5 of 7 
vs 1 of 13, p <0.005) and lower cardiac output (3.9 + 1.6 vs 9.1 + 3.2 
liters /min, p <0.005), LV ejection fraction (27 + 13 vs Si + 21%, p 
<0.05), right ventricular (RV) ejection fraction (15 + 6 vs 32 + 8%, p 
<0.005) and peak filling rate (1.32 + 0.43 vs 3.51 + 1.70 end-diastolic 
volumes /s, p <0.05). LV and RV volumes increased and peak filling rate 
decreased with PEEP in group 1, whereas in group 2 LV volume decreased 
and RV volume and peak filling rate remained unchanged. Thus, the 
hemodynamic response to PEEP is heterogenous. In patients with coro- 
nary artery disease and severely depressed biventricular function, LV 
volume may increase, LV ejection fraction may decrease and filling may 
worsen with PEEP. 










































The Anyfingers Patch. 


All nitroglycerin patches work. 


But Nitro-Dur is the one nitroglycerin patch that 
works So readily, any fingers can easily open and 
apply it...even stiff fingers, clumsy fingers, arthritic 
fingers guided by presbyopic eyes. 


Test it yourself. To see how easy handling Nitro-Dur 
can be, open one and handle it yourself. Compare it 
with other patches. 


Compare its thinness, its comfort, its appearance. 
Nitro-Dur clings bulklessly and bulgelessly to the 
skin, so thin that pores and texture show through... 
so discreet about its presence that it’s nearly 
invisible. Handle one and see. Handling is believing! 
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5 mg patch, actual size. 
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Transdermal 

e Easy opening—even for 
arthritic hands. 

* Round-the-clock cling—lies 
flat, holds tight. 

* Hard to notice, easy to wear— 
semitransparent, soft and 
flexible. 

¢ Push-button removal—just a 
press in the center raises the 
rim for easy lift-off. 
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INDICATIONS AND USAGE: This drug product 
has been conditionally approved by the FDA 
for the prevention and treatment of angina 
pectoris due to coronary artery disease. The 
conditional approval reflects a determination 
that the drug may be marketed while further in- 
vestigation of its effectiveness is undertaken. 
A final evaluation of the effectiveness of the 
product will be announced by the FDA. 


CONTRAINDICATIONS: intolerance of organic 
nitrate drugs, marked anemia. 


WARNINGS: The NITRO-DUR system should be 
used under careful clinical and/or hemodynamic 
monitoring in patients with acute myocardial in- 
farction or congestive heart failure. 

in terminating treatment of anginal patients, 
both the dosage and frequency of application 
must be gradually reduced over a period of 4 to 
6 weeks in order to prevent sudden withdrawal 
reactions, which are characteristic of all vaso- 
dilators in the nitroglycerin class. 


PRECAUTIONS: Symptoms of hypotension, such 
as faintness, weakness or dizziness, particularly 
orthostatic hypotension, may be due to over- 
dosage. If during the course of treatment these 
symptoms occur, the dosage should be reduced 
or use of the product discontinued. 

NITRO-DUR is not intended for use in the 
treatment of acute anginal attacks. For this pur- 
pose, occasional use of sublingual nitroglycerin 
may be necessary. 

Pregnancy: Pregnancy Category C. Animal 
reproduction studies have not been conducted 
with NITRO-DUR. It is also not known whether 
"nitroglycerin can cause fetal harm when adminis- 
tered to a pregnant woman or can affect repro- 

. duction capacity. Nitroglycerin should be given to 
<a pregnant woman only if clearly needed. 
Nursing Mothers: it is not known whether nitro- 

¿+ glycerin is excreted in human milk. Because 

<>) Many drugs are excreted in human milk, caution 

“should be exercised when NITRO-DUR is admin- 
istered to a nursing woman. 

ADVERSE REACTIONS: Transient headache is 
the most common side effect, especially when 
higher doses of the drug are administered. Head- 
aches should be treated with mild analgesics 
while continuing NITRO-DUR therapy. If head- 
ache persists, the NITRO-DUR dosage should be 
teduced or use of the product discontinued. 

Adverse reactions reported less frequently in- 
clude hypotension, increased heart rate, faint- 
ness, flushing, dizziness, nausea, vomiting, and 
dermatitis. Except for dermatitis, these symptoms 
are attributed to the pharmacologic effects of 
. omitroglycerin. However, they may be symptoms of 
“overdosage. When they persist, the NITRO-DUR 
osage should be reduced or use of the product 
discontinued. 

TION: Federal jaw prohibits dispensing 
rout prescription EDP #1030160. 
ised 0 iz 14362304 






































CARDIOLOGIST 
PACIFIC NORTHWEST 


Position available for invasive cardiologist with large multispecialty: 
group in Portland, Oregon. Practice provides wide variety of cases, 
stimulating professional environment, and quality lifestyle in beauti- 
ful Pacific Northwest. Competitive salary and comprehensive bene- 
fits, including generous pension program, sabbatical leave and pro- 
fessional liability coverage. Forward inquiry and CV to: 
Fred M. Nomura, M.D. 
Regional Medical Director 
Northwest Permanente, P.C. 
3600 N. Interstate Avenue 
Portland, Oregon 97227 









































THE CONTINENTAL—Professional Co-op office space FOR 
SALE. 70-20 108 St. Premier, prestigious building in the Heart 
of FOREST HILLS, Qns, NY. Superb location. Subwy & busses 
at your door. 24 hour attended garage, cent A/C, separate pro- 
fessional wing. 1600 S.F. will sub-divide. Call: Mr. Marvin 
Weingart, 718-793-1081. 





















































Invasive _ 
Cardiologists 













































Marshfield Clinic, a 325-physician multi- 
specialty group, is seeking several inva- 
sive (but not interventional) cardiologists 
to join its expanding 13-member Cardiol- 
ogy Department. Currently morethan 2750 
cardiac catheterizations, 600 open heart 
operations, 250 electrophysiology proce- 
dures are performed annually. This is an 
outstanding opportunity for a BC/BE eli- 
gible cardiologist with three years of fel- 
lowship training. The position offers an ex- 
cellent starting salary, superior fringe 
benefits, and full partnership in two years. 
Send C.V. with first letter to: 






















W. Bruce Fye, M.D. 
Chairman. ae EE E, 
Department of Cardiology 









Henrys. Miller, Jr., M.D., 
Kathy Berra, R.N. 


> Now available, the first take-home education and exercise video 
_ for cardiac patients. These four 60-minute videos extend rehabil- 
tative care and meet the current standards of AHA and ACSM. 
© Exercise videos feature increasing levels of intensity. Select the 
-> tape that’s best for each patient. These video home programs 
~ encourage patient compliance. 

e Patient exercise and activity log helps you audit progress during 
| Office visits. 
| @ Available only on physician recommendation. 
» Prescription video orders can be filled at your office or rehab 
~-center for as low as $69-$89 each, depending on the module 
| you prescribe. 


Fox, Ill; Victor Froelicher, Peter 
: Ka 1; Arthur S. Leon; 


Special AJC Offer 

Normally $346, a complete VideoCare™ set can be obid by 
AJC readers for only $300. Satisfaction guaranteed, credit cards 
accepted. Call 1-800-338-1927. Mention AJC for special offe 


NIDEGCARE, NC 


Yes! Please send four (4) VideoCare VHS cassettes, video brochure, 
and all support materials at special AJC price — only $300.00. 
Satisfaction guaranteed. (Foreign orders write for more information.) << 
_____Payment enclosed 
Please charge my: ____ VISA 
Card # 
Signature 


| 
| 
| 
| 
| 
| 
| Name. 
l 
l 
| 
| 
| 
l 


~—— MasterCard ____ American Express 


Exp. Date 





Organization 





Address 
City. State Zip. 


Phone ' 

Pr ius NIDEGDARE,INC. 
call 1-800-338-1927 420 Summit Avenue 

(ask for AJC ‘special offer) St. Paul, MN 55102 
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Onc lay 
antihypertensive 
monotherapy 


E Calan SR provides effective monotherapy in more 
than 80% of all adult patients.’ 


E 91% of patients take Calan SR once a day'—a more 
convenient dosage schedule that may result in better 
compliance than twice-daily therapy.’ 


E Calan SR is equally effective in black and white adult 
patients, regardless of age.' 


E Physicians have demonstrated their confidence in 
Calan SR—more than 15 million prescriptions have 


been filled. 


One agent...for quality living 


E In a well-controlled clinical trial of 94 
hypertensive patients controlled with 
Calan SR, quality of life was 
improved or maintained. ' 


Constipation, which can be 
easily managed in most 
patients, is the most comme 
reported side effect with _ 
Calan SR. 


Please see the following page of this advertisemen 
for references and a brief summary of the complete 
prescribing information. 


ONCE-A-DAY 


















































































ardiology 
Central Texas Metroplex Area. All aspects — 
of invasive and non-invasive Cardiology of- 
fered in tertiary hospital setting. Early part- 
nership. Please reply Box 1010, The Amer- 
ican Journal of Cardiology, 249 W. 17th 
St., NY, NY 10011. 


BRIEF SUMMARY 
Contraindications: Severe LV dysfunction (see Warnings), hypotension (systolic pressure 
<.90 mm Hg) or cardiogenic shock, sick sinus syndrome {if no pacemaker is present}, 
2nd- or 3rd-degree AV block (if no pacemaker is present), atrial flutter/fibrillation with an 
accessory bypass tract (eg, WPW or LGL syndromes), hypersensitivity to verapamil. 
Warnings: Verapamil should be avoided in patients with severe LV dysfunction (eg, ejection 
raction < 30%).or moderate to severe symptoms of cardiac failure and in patients with 
any degree of ventricular dysfunction if they are receiving a beta-blocker. Control milder 
heart failure’ with optimum digitalization and/or diuretics before Calan SR is used. Verapamil 
May. occasionally produce hypotension. Elevations of liver enzymes have been reported. 
Several cages have been demonstrated to be produced by verapamil. Periodic monitoring 
of liver function in patients on verapamil is prudent. Some patients with paroxysmal and/ 
or chronic atrial flutter/fibrillation and an accessory AV pathway (eg, WPW or LGL 
syndromes) have developed an increased antegrade conduction across the accessory 
pathway bypassing the AV node, producing a very rapid ventricular response or ventricular 
- fibrillation after receiving |.V. verapamil (or digitalis). Because of this risk, oral verapamil is 
- contraindicated in such patients. AV block may occur (2nd- and 3rd-degree, 0.8%). 
- Development of marked 1st-degree block or progression to 2nd- or 3rd-degree block 
requires reduction in dosage or, rarely, discontinuation and institution of appropriate therapy. 
nus. bradycardia, 2nd-degree AV block, sinus arrest, pulmonary edema and/or severe 
_-Dypotension were seen in some critically ill patients with hypertrophic cardiomyopathy who 
were treated with verapamil. 
< Precautions: Verapamil should be given cautiously to patients with impaired hepatic 
_ function {in severe dysfunction use about 30% of the normal dose) or impaired renal 
; function, and patients should be monitored for abnormal prolongation of the PR interval or 
other signs of overdosage. Verapamil may decrease neuromuscular transmission in patients 
_ with Duchenne’s muscular dystrophy and may prolong recovery from the neuromuscular 
‘blocking agent vecuronium. It may be necessary to decrease verapamil dosage in patients 
< with attenuated neuromuscular transmission. Combined therapy with beta-adrenergic block- 
ers and: verapamil may result in additive negative effects on heart rate, atrioventricular 
-conduction and/or cardiac contractility; there have been reports of excessive bradycardia 
-and AV block, including complete heart block. The risks of such combined therapy may 
_Outweigh the benefits. The combination should be used only with caution and close 
monitoring. Decreased metoprolol clearance may occur with combined use. Chronic verap- 
amil treatment:can increase serum digoxin levels by 50% to 75% during the first week of 
therapy, which can result in digitalis toxicity. In patients with hepatic cirrhosis, verapamil 
feduce total body clearance and extrarenal clearance of digitoxin. The digoxin dose 
should be reduced when verapamil is given, and the patient carefully monitored. Verapamil 
usually have an additive effect in patients receiving blood-pressure-lowering agents. 
Disopyramide should not be given within 48 hours before or 24 hours after verapamil 
administration. Concomitant use of flecainide and verapamil may have additive effects on 
‘myocardial. contractility, AV conduction, and repolarization. Combined verapamil and quini- 
‘dine. therapy in. patients with hypertrophic cardiomyopathy should be avoided, since 
ignificant hypotension may result. Concomitant use of lithium and verapamil may result in 
a lowering of serum lithium levels or increased sensitivity to lithium. Patients receiving both 
drugs must be monitored carefully. Verapamil may increase carbamazepine concentrations 
~ during combined. use. Rifampin may reduce verapamil bioavailability. Phenobarbital may 
ease verapamil clearance. Verapamil may increase serum levels of cyclosporin. Concom- 
itant use of inhalation anesthetics and calcium antagonists needs careful titration to avoid 
excessive cardiovascular depression. Verapamil may potentiate the activity of neuromuscular 
king agents (curare-like and depolarizing}; dosage reduction may be required. Adequate 
imal carcinogenicity studies have not been performed. One study in rats did not suggest 
a tumorigenic potential, and verapamil was not mutagenic in the Ames test. Pregnancy 
Category C. There are no adequate and well-controlled studies in pregnant women. This 
drug should be used during pregnancy, labor, and delivery only if clearly needed. Verapamil 
‘is excreted in breast milk; therefore, nursing should be discontinued during verapamil use. 
Adverse Reactions: Constipation (7.3%), dizziness (3.3%), nausea (2.7%), hypotension 
(2.5%), headache (2.2%), edema (1.9%), CHF, pulmonary edema (1.8%), fatigue (1.7%), 
yspnea {1.4%}, bradycardia: HR < 50/min (1.4%), AV block: total 1°,2°,3° (1.2%), 2° 
3°. (0.8%), rash (1.2%), flushing (0.6%), elevated liver enzymes. The following reactions, 
 feported in. 1.0% or less of patients, occurred under conditions where a causal relationship 
is ufcertain: angina pectoris, atrioventricular dissociation, chest pain, claudication, myocar- 
dial infarction, palpitations, purpura (vasculitis), syncope, diarrhea, dry mouth, gastrointes- 
tinal distress, gingival hyperplasia, ecchymosis or bruising, cerebrovascular accident, con- 
ion, equilibrium disorders, insomnia, muscle cramps, paresthesia, psychotic symptoms, 
` Shakiness, somnolence, arthralgia and rash, exanthema, hair loss, hyperkeratosis, macules, 
_ Sweating, urticaria, Stevens-Johnson syndrome, erythema multiforme, blurred vision, gy- 
“-necomastia, increased urination, spotty menstruation, impotence. 2/9/89 + ABB-W5282V-1 
References: 1. Data on file, G.D. Searle & Co. 2. Baird MG, Bentley-Taylor MM, 


Carruthers SG, et al: A study of efficacy, tolerance and compliance of once-daily versus 
“twice-daily metoprolol (Betaloc®} in hypertension. Clin Invest Med 1984;7:95-102, 


A89-W7735T-1 













































INVASIVE CARDIOLOGIST for thirty-eight physician multi-spe- 
cialty group practice located in historic Fredericksburg, VA, locat- 
ed one hour south of Washington, D.C. Excellent quality of life near 









beaches, mountains, and ocean. Three physicians currently com- 
prise busy cardiology department. Send curriculum vitae to: Thom- 
as E. Wheeler, M.D., c/o JB Gillis, Pratt Medical Center, 1701 Fall 
Hill Avenue, Fredericksburg, VA 22401. 
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Several vacancies exist for board-certified 
Cardiologists in the U.S. Army Medical 
Department. Unique professional oppor- 
tunities are available at locations in the 
United States and overseas. Interested in- 
dividuals must not have attained their 
52nd birthday. For further information 
on benefits and professional opportuni- 
ties, call LTC Touchard at (303) 361-3208. 
GD. Searle & Co. Call collect. er ee 
+. Medical & Scientific ; : RSE ae oes Eee ne 
4901 Seana PARAN || ARM ‘MEDICINE. BE ALLYOUCA BE. 


Skokie, IŁ 60077 = = 

































Address medical inquiries to: 





Quantitative Arteriographic Responses to Ergonovine 
Provocation in Subjects with Atypical Chest Pain 
Brian P. Kimball, Victor LiPreti, and Harold E. Aldridge 


This study evaluates the nonspecific vasoconstrictor response to intrave- 
nous ergonovine in patients with atypical precordial discomfort, and iden- 
tifies patient-related factors that systematically influence changes in coro- 
nary dimensions. A dose-dependent progressive decrease in coronary di- 
ameter was observed (maximum —21.2% from baseline). Women 
demonstrated enhanced vasoconstrictive response (0.80 + 0.30 vs 0.50 + 
0.24 mm, women vs men, p <0.05) even when corrected for body surface 
area. Minor luminal irregularities on initial angiography resulted in more 
ergonovine-induced coronary vasospasm (0.41 + 0.27 vs 0.84 + 0.21 mm, 
normal vs atherosclerotic persons, p <0.01), suggestive of early endotheli- 
al dysfunction. 


METHODS 


783 

Limitations of the Metabolic Rate Meter for Measuring Oxygen 
Consumption and Cardiac Output 

Richard A. Lange, Gregory J. Dehmer, Peter J. Wells, David A. Tate, 
Avanindra Jain, Eduardo D. Flores, Timothy C. Nichols, and L. David Hillis 


We measured cardiac output by thermodilution and the Fick method 
using the metabolic rate meter to quantitate oxygen consumption in 40 
patients at the time of catheterization. In comparison with thermodilution, 
the results with the Fick method were disparate by 21 + 10%, and in 
almost all patients these results were low. In 18 patients cardiac output 
also was measured by the Fick method using a Douglas bag to quantitate 
oxygen consumption. In these patients, the Fick and thermodilution cardi- 
ac output measurements were similar. Thus, the values for oxygen con- 
sumption and cardiac output obtained with the metabolic rate meter are 
lower than actual values, and this device is less accurate than the Douglas 
bag. 


787 

Noninvasive Assessment of Central Circulatory Pressures by 
Analysis of Ear Densitographic Changes During the Valsalva 
Maneuver 

Luciano Bernardi, Riccardo Saviolo, and David H. Spodick 


We monitored the ear densitogram in 21 consecutive patients with various 
degrees of myocardial function during the Valsalva maneuver to evaluate 
the quantitative relations between the pattern of response and the central 
circulatory pressures. The densitogram consistently tracked the aortic 
pulse pressure during the strain phase of the Valsalva maneuver. The 
percent decrease of densitographic pulse amplitude during strain closely 
correlated with left ventricular end-diastolic and wedge pressures at rest. 
Multiple stepwise regression used to take into account multiple aspects 













































David T. Kelly Lae 





(time intervals and pulse amplitudes) of the pattern of response to the 
Valsalva maneuver improved both correlations considerably, suggesting 
the possibility of predicting left ventricular filling pressures noninvasively. 


TIS ce D es 
Measurement of Cardiac Output Noninvasively During Surgery 
Using a New Continuous-Wave Doppler Esophageal Probe 

Anil Kumar, Shinichi Minagoe, Duraiyah Thangathurai, Maged Mikhail, 
Dennis Novia, John F. Viljoen, Shahbudin H. Rahimtoola, and 

P. Anthony N. Chandraratna 


We compared cardiac output determined by a new continuous-wave 
Doppler esophageal probe with simultaneously measured thermodilution 
cardiac output in 14 patients. The average thermodilution cardiac output 
was 5.90 + 3.27 (standard deviation) liters /min (range 1.20 to 19.18); the 
average Doppler cardiac output was 6.21 + 4.0 liters/min (range 2.30 to 
28.20). The difference between the cardiac output measured by the 2 
techniques was 1.38 + 2.2 liters/min (range 0.04 to 16.8). Two to 5 
cardiac output measurements were averaged and arranged into “time 
periods.” The average standard deviations for thermodilution and Doppler 
cardiac outputs within each time period were 0.64 and 0.47 liter/min, 
respectively. There was a correlation of the 2 measurements over a range 
of cardiac output values (r = 0.76, Doppler cardiac output = 0.92 X 
thermodilution cardiac output + 0.7, standard error of the estimate = 
1.76). Reproducible measurements of Doppler cardiac output were ob- 
tained during intraobserver (mean difference 0.64 + 0.52 liter /min) and 
interobserver (mean difference 0.41 + 0.36 liter /min) studies in 8 other 
patients. Thus, cardiac output measurement by the Doppler esophageal 
probe could be used for hemodynamic monitoring during surgery in select- 
ed patients. 


BRIEF REPORTS 


TI a ett a te ee ea et 
importance of Early Recurrent Ischemia on One-Year Survival 
After Non-Q-Wave Acute Myocardial Infarction 

William E. Boden, Robert S. Gibson, Robert E. Kleiger, Kenneth B. 
Schechtman, Robert J. Capone, David J. Schwartz, Robert Roberts, and 
the Diltiazem Reinfarction Study Research Group 


a Fre a ee 
Ambulatory Electrocardiographic Findings in Out-of-Hospital 
Cardiac Arrest Secondary to Coronary Artery Disease 

Sergio J. Dubner, Sergio Pinski, Susana Palma, Benjamin Elencwajg, and 
Jorge E. Tronge 


806 
Evaluation of a Microprocessor-Controlied 
Sphygmomanometer for Recording Blood Pressure During 
Exercise 

Sadamasa Ogasawara, S. Ben Freedman, Jai 
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In hypertension, in hę 


e Promotes LVH regression' 

® Tends to sustain cerebral blood flow? 

e Does not adversely affect lipid profile? 
e Tends to sustain renal blood flow’ 


*CAPOTEN is indicated for the treatments of both hypertension and heart 
failure. CAPOTEN may be used as initial therapy only for hypertensive 
patients with normal renal function in whom the risk of neutropenia/ 
agranulocytosis is relatively low (1 out of over 8,600 in clinical trials) 
CAPOTEN also may be used in patients with heart failure who have not 
responded adequately to treatment with diuretics and digitalis. 

Although the beneficial effect of captopril in heart failure does not 
require the presence of digitalis, most controlled clinical trial experience 
with captopril has been in patients receiving digitalis, as well as diuretic 
treatment. Consequently, CAPOTEN should generally be added to both of 


art failure* 


A BALANCE OF BENEFITS FOR 


YOUR OLDI 


RCV PATIENTS 


Your therapeutic choice today, 


Online tablets) 


can Offer patients a 
lifetime of benefits. 


these agents except when digitalis use is poorly tolerated or otherwise not 
feasible. In using CAPOTEN, consideration should be given to the risk of 
neutropenia/agranulocytosis. Use special precautions in all patients with 
impaired renal function, collagen vascular disorders, or those exposed 

to other drugs known to affect the white blood cells or immune response. 
Evaluation of hypertensive and heart failure patients should always 
include assessment of renal function. See INDICATIONS AND USAGE, 
CONTRAINDICATIONS, WARNINGS, PRECAUTIONS, and ADVERSE 
REACTIONS in the brief summary of prescribing information on the 
adjacent page. 





Ir therapeutic choice today can 





; Joint National Committee: The 1988 report of the Joint National Committee 
jation, and treatment of high blood pressure. Arch intern Med 148:1023- 1038, 
- Paulson OB, Waldernar G, Andersen AR, et al: Role of angiotensin in autoregulation of 
cerebral lood flow. Circulation 77 (suppl 1):1-55—1-58, 1988. 3. Weinberger MH: Anti- 
hypertensive therapy and lipids: Evidence, mechanisms, and implications. Arch Intern Med 
145:1102-1105, 1985. 4, Duchin KL, Willard DA: The effect of captopril on renal hemodynamics 
hypertensive patients. | Clin Pharmacol 24:35 1-359, 1984. 










































































INDICATIONS: Hypertension—CAPOTEN (captopril) is indicated for the treatment of hyper- 
tension. Consideration should be given to the risk of neutropenia/ agranulocytosis (see 
WARNINGS). CAPOTEN is effective alone and in combination with other antihypertensive 
“agents, especially thiazide-type diuretics. 

_ Heart Failure: CAPOTEN (captopril) is indicated in the treatment of congestive heart failure in 
patients who have not responded adequately to treatment with diuretics and digitalis. CAPOTEN 
should generally be added to both of these agents except when digitalis use is poorly tolerated 
< or otherwise not feasible. 


- GONTRAINDICATIONS: CAPOTEN is contraindicated in patients who are hypersensitive to this 
+ product. 


| WARNINGS: Angioedema-—Angioedema involving the extremities, face, lips, mucous membranes, 
“tongue, glottis or larynx has been seen in patients treated with ACE inhibitors, including captopril, 
ifangioedema involves the tongue, glottis or larynx, airway obstruction may occur and be fatal. 
Emergency therapy, including but not necessarily limited to, subcutaneous administration of a 
-14:1000 solution of epinephrine should be promptly instituted. 
_-Neutropenia/Agranulocytosis—Neutropenia (<:1000/ mm3) with myeloid hypoplasia has resulted 
“from use of captopril. About half of the neutropenic patients developed systemic or oral cavity 
infections or other features of the syndrome of agranulocytosis. The risk of neutropenia is de- 
pendent on the clinical status of the patient: 


in clinical trials in patients with hypertension who have normal renal function (serum creati- 
nine less than 1.6 mg/dL and no collagen vascular disease), neutropenia has been seen in 
‘one patient out of over 8,600 exposed. in patients with some degree of renal failure (serum 
creatinine at least 1.6 mg/dL) but no collagen vascular disease, the risk in clinical trials was 
about 1 per 500. Doses were relatively high in these patients, particularly in view of their 
diminished renal function. in patients with collagen vascular diseases (e.g., systemic lupus 
erythematosus, scleroderma) and impaired renal function, neutropenia occurred in 3.7% of 
patients in clinical trials. While none of the over 750 patients in formal clinical trials of heart 
“failure developed neutropenia, it has occurred during the subsequent clinical experience. Of 
reported cases, about half had serum creatinine > 1.6 mg/dl and more than 75% received 
procainamide. in heart failure, it appears that the same risk factors for neutropenia are present. 


‘Neutropenia has appeared usually within 3 months after starting therapy, associated with my- 
eloid hypoplasia and frequently accompanied by erythroid hypoplasia and decreased num- 
bers.of megakaryocytes (e.g, hypoplastic bone marrow and pancytopenia); anemia and 
thrombocylopenia were sometimes seen. Neutrophils generally returned to normal in about 2 
weeks after captopril was discontinued, and serious infections were limited to clinically com- 
plex patients. About 13% of the cases of neutropenia have ended fatally, but almost ail fatalities 
- awere-in patients with serious iliness, having collagen vascular disease, renal failure, heart 
; failure orimmunosuppressant therapy, or a combination of these complicating factors. Evalua- 

tion of the hypertensive or heart failure patient should always include assessment of renal 
- function. if captopril is used in patients with impaired renal function, white blood cell and 

iferential counts should be evaluated prior to starting treatment and at approximately 2-week 
intervals for about 3 months, then periodically. in patients with collagen vascular disease or 
who are exposed to other drugs known to affect the white cells or immune response, particu- 
larly when there is impaired renal tunction, captopril should be used only after an assessment 
of benefit and risk, and then with caution. All patients treated with captopril should be told to 
report any signs of infection (e.g., sore throat, fever). If infection is suspected, perform white 
cell counts without delay. Since discontinuation of captopril and other drugs has generally led 
Prompt return of the white count to normal, upon confirmation of neutropenia (neutrophil 
count <1000/mm’) withdraw captopril and closely follow the patient's course. 


Proteinuria: Total urinary proteins >1 g per day were seen in about 0.7% of patients on captopril. 
About 90% of affected patients had evidence of prior renal disease or received high doses 
150 mig/ day), or both. The nephrotic syndrome occurred in about one-fifth of proteinuric 
patients. In mostcases, proteinuria subsided or cleared within 6 months whether or not captopril 
was continued. The BUN and creatinine were seldom altered in proteinuric patients. Since 
“most cases of proteinuria occurred by the 8th month of therapy with captopril, patients with 
-irior renal disease or those receiving captopril at doses 150 mg per day, should have urinary 
- protein estimates (dip-stick on 1st morning urine) before therapy, and periodically thereafter. 
‘Hypotension: Excessive hypotension was rarely seen in hypertensive patients but is a possi- 
bility in severely salt /volume-depleted persons such as those treated vigorously with diuretics 
(see! PRECAUTIONS [Drug Interactions). In heart failure, where the blood pressure was either 
‘normal or low, transient decreases in mean blood pressure >20% were recorded in about half 
ofthe patients. This transient hypotension may occur after any of the first several doses and is 
-usually well tolerated, although rarely it has been associated with arrhythmia or conduction 
defects. A starting dose of 6.25 or 12.5 mg tid may minimize the hypotensive effect. Patients 
“should be followed closely for the first 2 weeks of treatment and whenever the dose of captopril 
and/or diuretic is increased. 


BECAUSE OF THE POTENTIAL FALL IN BLOOD PRESSURE IN THESE PATIENTS, THERAPY 
SHOULD BE STARTED UNDER VERY CLOSE MEDICAL SUPERVISION. 


PRECAUTIONS: General: impaired Renal Function—Hypertension— Some hypertensive pa- 
tients with renal.disease, particularly those with severe renal artery stenosis, have developed 
“increases in BUN and serum creatinine. It may be necessary to reduce captopril dosage and/or 
discontinue diuretic. For some of these patients, normalization of blood pressure and mainte- 
nance of adequate renal perfusion may not be possible. Heart Faiture—About 20% of patients 
develop stable elevations of BUN and serum creatinine »20% above normal or baseline upon 
term treatment. Less than 5% of patients, generally with severe preexisting renal disease, 
required discontinuation due to progressively increasing creatinine. See DOSAGE AND ADMINI- 
oe ADVERSE REACTIONS. > Aoroa Laboratory Marine Valvular Stenosis—A theo- 
















“renal function. 5 
Consult package insert before prescribing CAPOTEN (captopril. 


the diuretic or increasing the sait intake about t week pi ji ol captopril therapy o or 





by initiating therapy with small doses (6.25 or 12.5 mg). vAltematively ‘provide medical supervi- 


sion for at least 1 hour after the initial dose. 
Agents Having Vasodilator Activity—in heart failure patients, vasodilators should be ad~ 
ministered with caution. 

Agents Causing Renin Release—Captopril's effect will be augmented by antihypertensive 
agents that cause renin release. 

Agents Affecting Sympathetic Activity-The sympathetic nervous system may be especially 
important in supporting biood pressure in patients receiving captopril alone or with diuretics. 
Beta-adrenergic blocking drugs add some further antihypertensive effect to captopril, but the 
overall response is less than additive. Therefore, use agents affecting sympathetic activity (e.9., 
ganglionic blocking agents or adrenergic neuron blocking agents) with caution. 

Agents increasing Serum Potassium—Give potassium-sparing diuretics or potassium sup- 
plements only for documented hypokalemia, and then with caution, since they may lead to a 
significant increase of serum potassium. Use potassium-containing salt substitutes with caution. 

Inhibitors. of Endogenous Prostaglandin Synthesis— indomethacin and other nonsteroidal 
anti-inflammatory agents may reduce the antihypertensive effect of captopril, especially in low 
renin hypertension. 

Drug/Laboratory Test interaction: Captopril may cause a false-positive urine test for acetone. 


Carcinogenesis, Mutagenesis and impairment of Fertility: Two-year studies with doses of 50 
to 1350 mg/ kg/day in mice and rats failed to show any evidence of carcinogenic potential. 
Studies in rats have revealed no impairment of fertility. 


Pregnancy: Category C: There are no adequate and well-controlled studies in pregnant women. 
Embryocidal effects and craniofacial malformations were observed in rabbits. Therefore, 
captopril should be used during pregnancy, or for patients likely to become pregnant, only if 
the potential benefit outweighs the potential risk to the fetus. Captopril crosses the human 
placenta. 


Nursing Mothers: Captopril is secreted in human milk. Exercise caution when administering 
captopril to a nursing woman, and, in general, nursing should be interrupted. 


Pediatric Use: Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS: Reported incidences are based on Clinical trials involving approxi- 
mately 7000 patients. 

Renal—About 1 of 100 patients developed proteinuria (see WARNINGS). Renal insufficiency, 
renai failure, polyuria, oliguria, and urinary frequency in 1 to 2 of 1000 patients. 

Hematologic—Neutropenia/agranulocytosis has occurred (see WARNINGS). Anemia, 
thrombocytopenia, and pancytopenia have been reported. 

Dermatologic—Rash, (usually maculopapular, rarely urticarial), often with pruritus, and some- 
times with fever and eosinophilia, in about 4 to 7 of 100 patients (depending on renal status and 
dose}, usually during the ist 4 weeks of therapy. Pruritus, without rash, in about 2 of 100 pa- 
tients. A reversible associated pemphigoid-like lesion, and photosensitivity, have also been 
reported. Flushing or pallor in 2 to 5 of 1000 patients. 

Cardiovascular—Hypotension may occur, see WARNINGS and PRECAUTIONS [Drug 
interactions] for discussion of hypotension on initiation of captopril therapy. Tachycardia, chest 
pain, and palpitations each in about 1 of 100 patients. Angina pectoris, myocardial infarction, 
Raynaud's syndrome, and congestive heart failure each in 2 to 3 of 1000 patients. 

Dysgeusia—Approximately 2 to 4 (depending on renal status and dose) of 100 patients 
developed a diminution or joss of taste perception; taste impairment is reversible and usually 
self-limited even with continued drug use (2 to 3 months). 

Angioedema—Angioedema involving the extremities, face, lips, mucous membranes, tongue, 
glottis or larynx has been reported in approximately one in 1000 patients. Angioedema involv- 
ing the upper airways has caused fatal airway obstruction. (See WARNINGS.) 

The following have been reported in about 0.5 to 2 percent of patients but did not appear at 
increased frequency compared to placebo or other treatments used in controlled trials: gastric 
irritation, abdominal pain, nausea, vomiting, diarrhea, anorexia, constipation, aphthous ulcers, 
peptic ulcer, dizziness, headache, malaise, fatigue, insomnia, dry mouth, dyspnea, cough, alo- 
pecia, paresthesias. 

Other clinical adverse effects reported since the drug was marketed are listed below 
by body system. In this setting, an incidence or causal relationship cannot be accurately 
determined. 

General: Asthenia, gynecomastia. 

Cardiovascular: Cardiac arrest, cerebrovascular accident, syncope. 

Dermatologic: Bullous pemphigus. 

Gastrointestinal: Pancreatitis, glossitis. 

Hematologic: Anemia, including aplastic and hemolytic. 

Hepatobiliary: Hepatitis, including rare cases of necrosis, cholestasis. 

Metabolic: Symptomatic hyponatremia. 

Musculoskeletal: Myaigia, myasthenia. 

Nervous/Psychiatric: Ataxia, confusion, depression, nervousness, somnolence. 

Respiratory: Bronchospasm, eosinophilic pneumonitis, rhinitis. 

Special Senses: Blurred vision. 

Urogenital: Impotence. 

As with other ACE inhibitors, a syndrome has been reported which includes: fever, myalgia, 
arthralgia, rash or other dermatologic manifestations, eosinophilia and an elevated ESR. Find- 
ings have usually resolved with discontinuation of treatment. 


Altered Laboratory Findings: Serum Electrolytes: Hyperkalemia: small increases in serum po- 
tassium, especially in patients with renal impairment (see PRECAUTIONS). 

Hyponatremia: particularly in patients receiving a low sodium diet or concomitant diuretics. 

BUN/Serum Creatinine: Transient elevations of BUN or serum creatinine especially in volume 
or sait depleted patients or those with renovascular hypertension may occur. Rapid reduction. of 
longstanding or markedly elevated blood pressure can result in decreases in the glomerular 
filtration rate and, in turn, lead to increases in BUN or serum creatinine. 

Hematologic: A positive ANA has been reported. 


Liver Function Tests: Elevations of liver transaminases, alkaline phosphatase, and serum 


bilirubin have occurred. 


OVERDOSAGE: Primary concern is correction of hypotension. Volume expansion with an I.V. 
infusion of normal saline is the treatment of choice for restoration of blood pressure. Captopril 
may be removed from the general circulation by hemodialysis. 


DOSAGE AND ADMINISTRATION: CAPOTEN (captopril) should be taken one hour before 


meais. in hypertension, CAPOTEN may be dosed bid or tid. Dosage must be individualized: 
see DOSAGE AND ADMINISTRATION section of package insert for detailed information re- 
garding dosage in hypertension and in heart failure. Because CAPOTEN (captopril) is excreted 
primarily by the kidneys, dosage adjustments are ecomr nended tor patients 
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SUBS 


Rapid heart rate. feel od bt ¢fiNthmia When the symptoms don’t make 
sense... the reason may be substance abuse. 

Even “occasional” use of cocaine can cause a wide range of physiological and 
psychological symptoms that may mimic systemic disease. Even more frightening is 
the fact that cocaine can cause sudden death, regardless of the dose, blood levels, 
or route of administration. 

Help your patients stop illegal drug use before it stops them. Ask about abuse as a 
routine part of your examination. 

For information, healthcare professionals may call the National Clearinghouse 

for Alcohol and Drug Abuse: 1-301-468- 2600, Monday through Friday, 8:30 AM- - 
4:30 PM EST. 
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Detection of Diastolic Atrioventricular Valvular Regurgitation 
by “M-Mode” Color Doppler Echocardiography 
Veronica A. Covalesky, John Ross, Jr., Krishnaswamy Chandrasekaran, 
and Gary S. Mintz 
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Coronary Artery Disease in Patients 35 Years of Age or Older 
with Valvular Aortic Stenosis 

Ronny Chobadi, Mordechai Wurzel, Igal Teplitsky, Hanoch Menkes, and 
Ido Tamari 
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Localization of a ‘‘Postreceptor’’ Defect in Human Dilated 
Cardiomyopathy 

Michael Bohm, Peter Gierschik, Karl H. Jakobs, Petra Schnabel, 
Bernhard Kemkes, and Erland Erdmann 


BS 2g a ene ees 
Nephrotoxicity of Nonionic Contrast Media After Cardiac 
Angiography 

Charles P. Taliercio, Scott H. McCallister, David R. Holmes, 

Duane M. listrup, and Ronald E. Vlietstra 


SI eea a eh 
Differential Sensitivity of the RV¢:RV;s Voltage Ratio by 
Pathogenesis of Left Ventricular Hypertrophy and Diagnostic 
Cutpoint 

David H. Spodick and Hitoshi Koito 





CASE REPORTS 
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Echocardiographic Detection of Pericardiocentesis-Induced 
Subepicardial and Intramyocardial Hematoma 

Jon N. Meliones, A. Rebecca Snider, Robert H. Beekman, 

A. Resai Bengur, and Michele A. Bogaards 


Ol ee etl 3 
Spontaneous Reversible Spasm in an Internal Mammary 
Artery Graft Causing Acute Myocardial Infarction 

Gregg W. Stone and Geoffrey O. Hartzler 


A e ee 
Acquired Coronary Artery-Left Ventricular Pseudoaneurysm 
Fistula After Myocardial Infarction 

Kenneth M.H. Lee, Augusto D. Pichard, and Joseph Lindsay, Jr. 


Announcing a new, proven way to 
- reduce the risk of coronary heart disease 


LOPID is now indicated for reducing the risk of coronary heart 
disease (CHD) in Type IIb patients with low HDL*-cholesterol, 
elevated LDL*-cholesterol and triglycerides, and who have had an 
inadequate response to weight loss, diet, exercise, and other 
pharmacologic agents such as bile acid sequestrants and nicotinic 
acid. The potential benefit of gemfibrozil in treating Type lla 
patients who have elevations of LDL-cholesterol as their only lipid 
abnormality is not likely to outweigh the risks. 


® [D | D (gemfibrozil) 
OPENS THE WAY... 


TO REDUCE THE RISK OF CHD 


D 
PARKE-DAVIS 





Lees = ‘Lopid? (Gemtibro ules and Tablet 
ing information. = the drug withdrawn if lipid response is inadequate alter 3 months o e 
x á 3. Drug interactions — (A) Lovastatin: Rhabdomyolysis has occurred wit 


PERE Ss a f ; A gemfibrozil and lovastatin therapy. Itmay be seen as. early as 3 weeks alter : 
ICAL PHARMACOLO A Lopi foe bec capea and ae) sa toe regulating combined therapy or alter several months. In most subjects. who have had an unsatistactory: 
-agent which decreases serum triglycerides and very low density lipoprotein (VLDL) choles- lipid response to either drug alone, the possible benefit of combined therapy with lovastatin 
terol, and increases high density lipoprotein (HDL) cholesterol. While modest decreases in and gemfibrozil does not outweigh the risks of severe myopathy, rhabdomyolysis, and acute 
total and low density lipoprotein (LDL) cholesterol may be observed with Lopid therapy. renal failure. There is no assurance that periodic monitoring of creatine kinase will prevent 
freatment of patients with elevated triglycerides due to Type IV hyperlipoproteinemia often the occurrence of severe myopathy and kidney damage 
results ina rise in LDL-cholesterol. LDL-cholesterol levels in Type llb patients with elevations (B) Anticoagulants: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGULANTS 
of both sérum LDL-cholesterol and triglycerides are, in general, minimally affected by Lopid ARE GIVEN IN CON JUNCTION WITH LOPID, THE DOSAGE OF THE ANTICOAGULANT 
treatment: however, Lopid usually raises HDL-cholesterol significantly in this group. Lopid SHOULD BE REDUCED 70 MAINTAIN THE PROTHROMBIN TIME AT THE DESIRED 
increases levels of high density tipoprotein (HDL) subfractions HDL,» and HDL,. as well as LEVEL TO PREVENT BLEEDING COMPLICATIONS. FREQUENT PROTHROMBIN DETER: 
apolipoproteins Ai and AH Epidemiological studies have shown that both low HDL-choles- MINATIONS ARE ADVISABLE UNTIL IT HAS BEEN DEFINITELY DETERMINED THAT THE 
terol and high LDL-cholesterol are independent risk factors for coronary heart disease. PROTHROMBIN LEVEL HAS STABILIZED. 
Inthe Helsinki Heart Study, a large, randomized, double-blind, placebo-contralled, ies f 
prirnary prevention inal in 4081 male patients between the ages of 40 and 55. Lopid therapy as marin sit epic acces ating sie, Imi pairment ot Fan rage iak ded punch ave 
"was associated with significant reductions in total plasma triglycerides and a significant benign liver nodules and liver carcinomas was significantly increased in high dose male rats 
increase in high density lipoprotein cholesterol Moderate reductions in total plasma choles- The inc:dence of liver carcinomas increased also in low dose males, but this increase was not 
terol and low density hpoprotein cholesterol were observed for the Lopid treatment group as statistically significant (p=0.1). In high dose temale rats, there was a significant increase in 
: Baber. but the lipid response was heterogeneous, especially among different Fredrickson the combined incidence of benign, and malignant liver neoplasms. in male and female mice, 
“Types. The study involved subjects with serum ahaa cholesiero: of over 200 mg/dL and there were no statistically significant differences from controls in the incidence of liver tumors, 
fe previous history of SAO ree iia Vistat e. Over the pae ancy period. ha TORIC but the doses tested were lower than those shown to be carcinogenic with other fibrates. 
“group experienced a 34% reduction in serious coronary events (sudden cardiac jeaths Male rats had a dose-related and statistically significant increase of benign Leydig cell 
plus fatal and nonfatal myocardial infarctions) compared to placebo. There was a 37% tumors at 1 and 10 times the human dose 
“eduction in nonfatal myocardial infarction he greatest reduction in the incidence of serious y ; 
coronary events occurred in Type llb patients who had elevations of both LDL-cholesterol ‘ions Lopid ite ee aon ee oye saprolite 
and total plasma triglycerides. This subgroup of Type lib gemfibrozil group patients had a aroliferation has not been done in humans but changes in peroxisome morphology have 
lower mean HDL-cholesterol level at baseline than the Type lla subgroup that had elevations Seen opserved Peroxisome proliferation has been shown to occur in humans with either of 







































































































of LDL-cholesterol and normal plasma triglycerides. The mean increase in HDL-cholesterol hs k 
among the Type IIb patients in this study was 12.6% compared to placebo, It is not clear to mo othar oy gihe prate ess when liver biopsies were compared before and after $ 
what extent the findings of the Helsinki Heart Suay can oa extrapolated to other segments of ` Administration of approximately three or ten times the human dose to male rats for 10 weeks 
the dyslipidemie pope mion Re sudeda er IPIS RETAS An (ecg hasbeen resulted in a dose-related decrease of fertility. Subsequent studies demonstrated that this 

e : í d ey , LOD! en affect was reversed after a drug-free period of about eight weeks, and it was not transmitted 
shown to inhibit peripheral lipolysis and to decrease the hepatic extraction of free fatty acids. to the cfispring 
thus reducing hepatic triglyceride production. Lopid inhibits synthesis and increases clear- 5, Pregnancy Category B — Reproduction studies have been performed in the rat at 
ance ALDE tae apoipop ten A Ea iG E N preety ia doses 3 and 9 times the human dose, and in the rabbit at 2 and 67 times the human dose, 
_ An u ugg Op y, MOO ing olesterol. reduce These studies have revealed no evidence of impaired fertility in females or harm to the fetus 
incorporation of long-chain fatty acids into newly formed triglycerides, accelerate turnover due to Lopid. Minor fetotoxicity was manifested by reduced birth rates observed at the high 
and removal of cholesterol from the liver, and increase excretion of cholesterol in the feces dose levels. No significant malformations were found among almost 400 offspring from 36 


Lopid is well absorbed from the gastrointestinal tract after oral administration. Peak i 
itters cf rats and 100 fetuses from 22 hitters of rabbits. 
_- “plasma levels occur in one to two hours with a plasma half-life of 1.5 hours following multiple There aren “ 
; A o studies in pregnant women. in view of the fact that Lopid is tumorigenic in 
coses Pee tiones angle pioportiong to dose and do not demonstrate accumulation male and female rats, the use of Lopid in pregnancy should be reserved for those patients 
Lopid mainly undergoes oxidation of a ring methy! group to successively form a hydroxy- Se anita T. outweighs ite possible r 9 the panen or fetus i fibrozil i 
“methyl and a carboxyl metabolite. Approximately seventy percent of the administered rats, a pinis Aea P dld be made wh ents a nurong or discont a TA dr rozin 
human dose is excreted in the urine, mostly as the glucuronide conjugate, with less than 2% taking into account the importance of the drug to the mother g SONAL SINE Bags 
“excreted as unchanged gemfibrozil. Six percent of the dose is accounted for in the feces. 7. Hematologic Changes — Mild hemo: in hematocrit and white blood cell decreases 
CONTRAINDICATIONS. 1. Hepatic or severe renal dysfunction, including primary biliary have been ob: a 9 ipai a follow tion of Lopid tr H 
orthosis Pae Deon eT ee eee rero asm administration, RAEI severe anemia, UKOPANA 
a e genb A. (See WARNINGS) thrombocytopenia. and bone marrow hypoplasia have been reported. Therefore, periodic 
“WARNINGS. 1. Because of chemical, pharmacological, and clinical similarities between bigod Eoun ae ommendsa AE Me firer te Monina or op Ea oecanional unit 
gemfibrozil and clofibrate, the adverse findings with ciofibrate in two large clinical studies è 3 i i TISGPT) ¥ g 
„fnay also apply to gemfibrozil. In the first of those studies, the Coronary Drug Project, 1000 Pre SEA E S eee ee Aa BOA SOrD Ea guon ang 
subjects with previous myocardial infarction were treated for five years with clofibrate. There aoe e Ph n studies are A ples aded and Li airs p hould be t ted if 
was no difference in mortality between the clofibrate-treated subjects and 3000 piacebo- oe aiies persist RRS e ended and Lopid therapy shouid be terminaiee: 
treated subjects. but twice as many clofibrate-treated subjects developed cholelithiasis and Ps 5 jal 
+ gholecystitis requiring surgery. In the other study. conducted by the Worid Health Organı- nee pee Sorcerer Study. 
zation (WHO), 5000 subjects without known coronary heart disease were treated with 2046 ed Lopid f 5 inth ne foli d HRA 
Clofibrate for five years and followed one year beyond. There was a statistically significant. patients received Lopid for up to 5 years in that study, the following adverse reactions 
29%, higher total mortality in the clofibrate-treated than in a comparable placebo-treated were statistically more frequent in subjects in the Lopid group (placeb' o incidence in paren- 
contro! group. The excess mortality was due to a 33% increase in noncardiovascular causes. theses): gastrointestinal reactions, 34.2% (23.8%): dyspepsia. 196% (14.9%); abdominal 
including malignancy, post-cholecystectomy com plications. and pancreatitis. The higher risk pan oats GEN E nael P we bj ange ron 4 ; oe difference 
`: of clolibrate-treated subjects for gallbladder disease was confirmed ene ya p OL SUDICUIS 3 aV Anaa g } Yn) al 
During the Helsinki Heart Study and in the 1⁄2 year follow-up period since the trial was betw een groups (placebo incidence in paa theses) wee ganea: 7.2% (6.5% o); fatigue. 
completed, mortality from any cause was 59 (2.9%) in the Lopid group and 55 (2.7%) in the pee Ge ae re pecs Malla ee easton ma a oa a 1.4% (13%); 
placebo group. Mortality from any cause during the double-blind portion of the study was 44 Gallbladder surgery was performed in 09% of Lopid and 0.5% of placebo subjects, a 64% 
deaths in the Lopid group and 43 in the placebo group. Because of the more limited size of excess, which is not Statistically different from the excess of gallbladder surgery observed in 


the Helsinki Heart Study, this result is not statistically-significantly different from the 29% Š f 
excess mortality seen in the clofibrate group in the separate WHO study Noncoronary heart Sali e aoa pleas placebo groupo ee UO is common in the Lopid 
respite ea ial oe a 58% greater trend in the Lopid group (43 vs 27 patients group. These included hypesthesia. paresthesias, and taste perversion, Other adverse 
i BAe i reactions that were more common among Lopid treatment group subjects but where a 
re eis eel ue i Vena ST oan meee rite = e anaes teen eee ene eee 
y : i } intracerebral hemorrhage. 
placebo group (difference not statistically significant). This includes 5 basal cell carcinomas From other studies it seems probable that Lopid is causally related to the occurrence of 


in the Lopid group and none in the placebo group (p=0.06; historical data predicted an 
expected 4,7 cases in the placebo group}. GI malignancies and deaths from malignancies Herrani Sympre me (ER RUTONS and to abnormal liver function tests and 
were not statistically different between Lopid and placebo subgroups. Follow-up of the Reports of virat and bacterial infections (common cold, cough. urinary tract infections) were 
Basi ei Heart Study participants will provide further information on cause-specific mortality more common in gemfibrozil treated patients in other controlled clinical trials of 805 patents. 
and cancer morbidity ‘Additional adverse reactions that have been reported for gemfibrozil are listed below by 
2. A gallstone prevalence substudy of 450 Helsinki Heart Study participants showed a system. These are categorized according to whether a causal relationship to treatment with 
trend toward a greater prevalence of gallstones during the study within the Lopid treatment Lopid is probable or not established: 
group (7.5% vs 4.9% for the placebo group, a 55% excess for the gemfibrozil group). A trend CAUSAL RELATIONSHIP PROBABLE: Gastrointestinal: cholestatic jaundice: Central Ner- 
toward a greater incidence of gallbladder surgery was observed for the Lopid group (17 vs vous System: dizziness, somnolence, paresthesia, peripheral neuritis. decreased libido, 
‘subjects, a 54% excess) This result did not differ statistically from the increased inci- depression, headache: Eye: blurred vision: Genitourinary: impotence; Musculoskeletal 
rou dence of cholecystectomy observed in the WHO study in the group treated with clofibrate myopathy, myasthenia, myalgia, painful extremities, arthralgia, synovitis, rhabdomyolysis 
-Both clofibrate and gemfibrozil may increase cholesterol excretion into the bile leading to (see WARNINGS and Drug Interactions under PRECAUTIONS): Clinical Laboratory: 
me cheleliiasi if choletihiasi is suspected, gal biagder studies are indicated. Lopid therapy increased creatine phosphokinase, increased bilirubin increased liver transaminases (AST 
should bediscontinued if gallstones are foun : ig i : 
1> 2'Since a reduction of mortality from coronary artery disease has nat been demonstrated SA aA Ne con a olan nate Hemalogoni SP iy evn Y 
and because liver and interstitial cell testicular tumors were increased in rats, Lopid should urticaria; Integumentary: ‘exioliative dermatitis, rash, dermatitis pruritus. t 
~ be administered only to those patients described in the INDICATIONS AND USAGE section. CAUSAL RELATIONSHIP NOT ESTABLISHED: General: weight loss; Cardiac: extrasystoles; 
N pir pijcant serum ipia raeponse g not onena Lopid enoud pe dsconinuer. Gastrointestinal: pancreatitis, hepatoma, colitis; Central Nervous System: contusion, convul- 
- Concomitant Anticoagulants -- Caution should be exercised when anticoagulants are sions, syncope; Eye: retinal edema: Genitourinary: decreased male fertility; Clinical Labora- 
given in conjunction with Lopid. The dosage of the anticoagulant should be reduced to tory: positive antinuclear antibody; Hematopoietic; thrombocytopenia; Immunologic: 
maintain the prothrombin time at the desired level to prevent bleeding complications. anaphylaxis, Lupus-like syndrome, vasculitis; Integumentary: alopecia. 
dvisable until it has been definitely determined DOSAGE AND ADMINISTRATION. The recommended dose for adults is 1200 mg adminis- 
tered in two divided doses 30 minutes before the morning and evening meal. 
MANAGEMENT OF OVERDOSE. While there has been no reported case of overdosage, 
symptomatic supportive measures should be taken should it occur. 


References: 1. Frick MH. Elo O, Haapa K, et al: Helsinki Heart Study: Primary prevention 
trial with gemfibrozil in middle-aged men with dyslipidemia, N Engl J Med 1987;317:1237-1245, 
2. Manninen V, Elo O, Frick MH, et al: Lipid alterations and decline in the incidence of 
coronary heart disease in the Helsinki Heart Study. JAMA 1988: 260:641-651. 
ing of muscle pain, 3, Nikkila EA: Familial Jipoprotein lipase deficiency and related disorders of chylomicron 
sitis, inclu |56 metabolism. in Stanbury J. B. etal. (eds): The Metabolic Basis of inherited Disease, 5th ed., 
i sed, Lo d therapy should be withdrawn. McGraw-Hill, 1983; Chap. 30, pp. 622-642. : 


capsular bilateral cataracts occurred in 10%, and unilateral in 63% ot = ibitsdi PERE = 

ith Gerciboz at 10 times the human dose : Caution Federal law prohibits dispensing without prescription: 

initial Therapy — Laboratory studies should be done to ascertain that ; = : 
ly abnormal. Before institutin 
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Diffuse Coronary Vasospasm and Accelerated Atherosclerosis 


in a Transplanted Human Heart 
Thomas Little, John Macoviak, Pedro Villanueva, Walter E. Lawrenson, 


and Anantha Rao 
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Retroaortic Epicardial Course of the Left Circumflex Coronary 


Artery and Anteroaortic intramyocardial (Ventricular Septum) 
Course of the Left Anterior Descending Coronary Artery: An 
Unusual Coronary Anomaly and a Proposed Classification 
Based on the Number of Coronary Ostia in the Aorta 

Allen L. Dollar and William C. Roberts 


830 
Fatal Azide-Induced Cardiomyopathy Presenting as Acute 
Myocardial Infarction 

Kevin W. Judge and Needham E. Ward 
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Surgery for Expected Ventricular Tachycardia 

Nouns Versus Adjectives in Accounting for Discordance 

Diltiazem and Left Ventricular Mass Regression 

Pulmonary Extraction of Atrial Natriuretic Factor in Humans 

Rapid Enzyme Measurements in Patients with Suspected 
Acute Myocardial Infarction 

Blockpnea as an Angina Equivalent 
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JNITIES in the Pharmaceutical 


assignments for experienced board certi- 


2d/eligible physicians. Send your CV to Bruce Rogers Co., 
ant Consultants, 20 Main Street, Port Washington, 
050 (516) 883-1058. 





‘CARDIOLOGIST BE/BC—Consultative practice; all as- 
pects of invasive cardiology; active heart program. To 
join two young cardiologists on the Texas guif coast. 
Please send CV to Reply Box 755, The American Journal 
of Cardiology, 249 W. 17th St., New York, N.Y. 10011. 


LOS ANGELES—Multispecialty group seeks full-time BC/BE 
‘cardiologist. Attractive compensation/benefits. Contact: Z. Jo- 
seph Wanski, M.D., Medical Director, The Moore-White Medi- 
-° al Group, 266 S. Harvard Bivd., Los Angeles, CA 90004, (213) 
386-8440. 


CARDIOLOGIST: Ohio, BC/BE, with training in invasive and 
noninvasive procedures. To join three BC, F.A.C.C. cardiolo- 
gists in consultative cardiology practice. Position available 
July 1, 1989 or earlier if possible. Please send curriculum vitae 
and convenient date for interview to Box 955, The American 
Journal of Cardiology, 249 W. 17th St., New York, N.Y. 10011. 


. The Division of Cardiology, The Toronto Hos- 
pital, University of Toronto is seeking two 
academic cardiologists with special expertise 
in Echo-Doppler. Qualifications required are 
M.D., Specialty Certification Cardiology and 
advanced training in Cardiac Echo-Doppler. 


Enquiries should be received by November 1, 
1989, to the attention of: 


Dr. Peter McLaughlin 
Director, Division of Cardiology 
The Toronto Hospital 
Eaton 12-224 
200 Elizabeth St. 
TORONTO, ONT. M5G 204 


The University of Toronto encourages applica- 
tions from qualified women or men, members 
of visible minorities, aboriginal peoples and 
persons with disabilities. 

-In accordance with Canadian Immigration re- 
quirements this advertisement is directed 
firstly to Canadian citizens and permanent 


esidents. 


Capsule contains: eee 
2.5 mg nitroglycerin: Light purple and clear capsule will 
beads; identification imprint MARION/1550. ae 
6.5 mg nitroglycerin: Dark blue and yellow capsule 
beads; identification imprint MARION/1551. 

9 mg nitroglycerin: Green and yellow capsule with wh 
identification imprint MARION/1553. 


ACTION: The mechanism of action of nitroglycerin int 
relief of angina pectoris is not as yet known. However, its main 
pharmacologic action is to relax smooth muscle, principally in 
the smaller blood vessels, thus dilating arterioles and capillari 
especially in the coronary circulation. In therapeutic doses, 
nitroglycerin is thought to increase the blood supply to the 
myocardium which may, in turn, relieve myocardial ischemia, 
the possible functional basis for the pain of angina pectoris. T 
sublingual administration of nitroglycerin is normally rapid and 
transient, but nitroglycerin in controlled-release NITRO-BID 
NITRO-BID® 6.5, and NITRO-BID® 9 produces a 

prolonged action. 





INDICATIONS: Based on a review of this drug and: 
related drug by the National Academy of Sciences- 
National Research Council and/or other information, 
FDA has classified the indications as follows: 
‘*Possibly”’ effective: 
For the management, prophylaxis, or treatment o 
anginal attacks. 
Final classification of the less-than-effective indicatio! 
requires further investigation. : 





CONTRAINDICATIONS: Acute or recent myocardial 
infarction, severe anemia, closed-angle glaucoma, postural = 
hypotension, increased intracranial pressure, and idiosyncrasy 
to the drug. 


WARNINGS: Capsules must be swallowed. FOR ORAL, NOT 
SUBLINGUAL, USE. NITRO-BID® 2.5, NITRO-BID® 6.5, 
and NITRO-BID® 9 Controlled-Release Capsules are not ~ 
intended for immediate relief of anginal attacks. e 


PRECAUTIONS: Intraocular pressure may be increased: ; 
therefore, caution is required in administering to patients with: 
glaucoma. Tolerance to this drug and cross-tolerance to other 
organic nitrites and nitrates may occur. If blurring of vision, : 
dryness of mouth, or lack of benefit occurs, the drug should be 
discontinued. ; 


ADVERSE REACTIONS: Severe and persistent headache 
cutaneous flushing, dizziness, and weakness. Occasionally, 
rash or exfoliative dermatitis and nausea and vomiting may 
occur; these responses may disappear with a decrease in dosag 
Adverse effects are enhanced by ingestion of alcohol, which 
appears to increase absorption from the gastrointestinal tract. 


DOSAGE AND ADMINISTRATION: Administer the small 
effective dose two or three times daily at 8- to 12-hour intervals, 
unless clinical response suggests a different regimen. Patient 
should be titrated to anginal relief or hemodynamic response: ` 
Hemodynamic response can be measured by drop in systolic: 
blood pressure. Discontinue if not effective. 


HOW SUPPLIED: NITRO-BID® (nitroglycerin) 2.5,6.5,5 
and 9 Controlled-Release Capsules are available in 60- and l 
100-count bottles. : 
CAUTION: Federal law prohibits dispensing without 
prescription. : 
STORAGE: Store at a controlled room temperature. Dispen 
only in the original unopened container. eer 


Another patient benefit product fro aoe 
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Usefulness of Color Doppler Flow Imaging 
to Distinguish Ventricular Septal Defect from 
Acute Mitral Regurgitation Complicating 
Acute Myocardial Infarction 


Michael R. Harrison, MD, Blair MacPhail, MD, John C. Gurley, MD, Edward A. Harlamert, MD, 
Joseph E. Steinmetz, MD, Mikel D. Smith, MD, and Anthony N. DeMaria, MD 


Several studies have found 2-dimensional echocar- 


diography and conventional spectral Doppler ultra- 
sound useful in the assessment of ventricular septal 
defect (VSD), but few data exist regarding the use- 
fulness of color Doppler flow imaging in evaluating 
this problem. Thus, the results of color flow imag- 
ing performed in 14 patients who presented with a 
recent acute myocardial infarction (AMI), hemody- 
namic instability and a new systolic murmur were 
evaluated. All patients underwent cardiac catheter- 
ization for definitive diagnosis, which proved to be 
VSD in 7 and acute mitral regurgitation in 7. VSD, 
-- identified by turbulent flow traversing the ventricu- 
lar septum during ventricular systole, was correctly 
identified in all 7 patients with septal rupture. In 
the remaining 7 patients with a new murmur after 
AMI, mitral regurgitation was demonstrated as tur- 
bulent systolic flow in the left atrium by both color 
flow imaging and cine ventriculography. In all 14 
patients with new murmurs, color flow imaging was 
100% accurate for the presence or absence of 
VSD. Color flow imaging localized the septal defect 
to the apical septum (3), inferior septum (3) or both 
inferior and apical septal regions (1), and was 
100% concordant for location compared with cine- 
: angiography, surgery and conventional Doppler 

_ echocardiographic techniques. Color flow imaging 
was accurate in identifying the presence and loca- 
tion of VSD complicating AMI, and accurately dif- 
ferentiated VSD from mitral regurgitation. Color 
‘flow imaging provides safe, rapid diagnosis of VSD 
complicating AMI, and may alleviate the need for 
diagnostic right-sided heart catheterization and 
preoperative cine ventriculography in these serious- 


ly ill patients. 
(Am J Cardiol 1989;64:697-701) 


upture of the interventricular septum is an 
R ommon but serious complication of acute 

myocardial infarction (AMI) that requires rapid 
diagnosis and treatment.!? Several investigators have 
reported good results using 2-dimensional echocardiog 
raphy and spectral Doppler recordings for the nonin- 
vasive detection of acquired ventricular septal defect 
(VSD).3-!° Few data exist, however, regarding the value _ 
of color Doppler flow imaging in the diagnosis and 
management of VSD. Therefore, we retrospectively 
evaluated the results of 2-dimensional echocardiogra- 
phy, conventional Doppler and color flow imaging per- 
formed in 7 patients in whom VSD developed after 
AMI, and compared them with those of 7 patients with 
similar clinical presentations due to acute mitral regur- 
gitation. 


METHODS Me 
Study group: Between October 1986 and August 


1988, 8 patients were referred and subsequently proven _ : 
to have an acquired VSD related to an AMI. In this | 
study, we report the results of Doppler color flow imag- 


ing used as a diagnostic technique for 7 of these pa- 
tients. Their clinical characteristics are listed in Table 1. 


There were 5 men and 2 women with a mean age of 75 


years. The site of AMI was anterior in 3 patients and 
inferior in 4. All patients subsequently proven to have 
VSD had a recent Q-wave AMI, as determined by clini- 
cal presentation, electrocardiogram and serum cardiac 
enzyme determination. 


For purposes of comparison, 7 consecutive patients 
with acute mitral regurgitation as a consequence of _ 


AMI and comparable presentation to that of VSD pa- 


tients were studied. Each patient with acute mitral re- 


gurgitation underwent ultrasonic and hemodynamic 
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AMI Site 
(ECG) 


Interval 
Cath—Echo (days) 






, Anterior 
72,M 1 Anterior 
74,M 0.5 Inferior 
77, F 0.5 inferior 
80, F 0.5 Inferior 
71.M 0.5 Inferior 
75,M 8 Anterior 
53, M 10 Inferior 
73,M 2 Inferior 
78, M 1 Inferior 
74, F 10 (LBBB) 
75,F 0.5 Inferior 
57,M 5 Inferior 
71,F 0.5 Posterior 






evaluation as described later for patients with VSD (Ta- 
< ble I). 

Cardiac catheterization: All patients underwent 
evaluation by invasive methods. Right-sided heart cath- 
eterization was performed with flow-directed catheters 
_ using standard techniques. Five patients with VSD and 
zall patients with acute mitral regurgitation underwent 
< left-sided heart catheterization and biplane cine ventric- 
-_ulography in standard fashion. The diagnosis of VSD 

-was made by demonstration of a significant step-up in 
-> oxygen saturation at the right ventricular level during 
-right-sided heart catheterization. The finding of prompt 
right ventricular opacification after contrast injection 
“into the left ventricle during biplane cine ventriculog- 
raphy served as an additional diagnostic feature for 
presence of VSD (Table I). The diagnosis of mitral re- 
:> gurgitation was established by cine left ventriculog- 
_ raphy as opacification of the left atrium due to systolic 
= flow. across the mitral valve. Severity of mitral regurgi- 
- tation was determined by standard angiographic crite- 
“rial 
'.. Echocardiographic studies: All patients were stud- 
«jed using commercially available equipment able to pro- 
© duce 2-dimensional images, spectral Doppler recordings 
(pulsed wave and continuous wave) and Doppler color 
flow imaging. Transducers with carrier frequencies of 
2.5 to 3.5 MHz were used. Depth and angle of sector 
are were adjusted to maximize frame rate. Ultrasonic 
data were recorded on 0.5-inch videotape for subsequent 
playback and analysis. The echocardiographic studies in 
our laboratory use a systematic approach, with images 
: obtained in both long- and short-axis projections from 
parasternal, apical and subcostal windows by experi- 
enced personnel. Occasionally, unorthodox views were 
-> required to visualize lesions occurring outside standard 
imaging planes. Echocardiographic data were reviewed 
b experienced personnel who were blinded to the clini- 
L omana and the location of the VSD. 










(beats /min) 





AMI = acute myocardial infarction; BP = blood pressure; cath = catheterization; ECG = electrocardiogram, Echo = echocardiography; HR = heart rate; LBBB = left bundle branch 
block; MR = mitral regurgitation; VSD = ventricular septal defect; + = present; 0 = absent; — = not performed. 
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80 90/60 + = 
118 80/60 + o 

93 82/46 + i+ 
114 120/64 + 1+ 
120 70/40 + = 

86 107/65 + 0 

86 90/60 0 4+ 

72 100/60 o 3+ 
100 86/58 0 4+ 
110 102/74 o 3+ 

89 92/50 0 A+ 
100 90/60 0 4+ 
114 92/40 o 2+ 


be present if unequivocal discontinuity of the interven- 
tricular septum appeared as 2 well-defined borders sep- 
arated by an echo-free space in a region of abnormal 
wall motion; (2) using conventional pulsed-wave Dopp- 
ler, the interventricular septum was carefully inspected. 
A VSD was considered present if high velocity (>1 m/ 
s), disturbed flow was located within or directly adja- 
cent to the ventricular septum and moving from the left 
to the right ventricle during ventricular systole, and if 
alternative explanations (for example, valvular regurgi- 
tation) could be excluded. When 2-dimensional echo- 
cardiography was not adequate in localizing the VSD (3 
patients), color flow imaging was used to assist in di- 
recting placement of the sample volume in the area of 
disturbed flow for these clinical studies; (3) with Dopp- 
ler color flow imaging, a VSD was defined as high ve- 
locity disturbed flow seen traversing the interventricular 
septum from the left to the right ventricle during ven- 
tricular systole. 

The diagnosis of mitral regurgitation was established 
by color flow imaging as high velocity, turbulent flow 
emanating from the left ventricle, and seen in the left 
atrium during ventricular systole. 

Localization of ventricular septal defect: For pur- 
poses of VSD localization, the interventricular septum 
was divided with cine ventriculography and with all 3 
ultrasonic techniques into apical, anterior and inferior 
regions. Localization of the VSD site by cine ventric- 
ulography was possible in all 5 patients who underwent 
left-sided heart catheterization. Localization of VSD by 
echocardiographic and Doppler methods was performed 
in a similar fashion for all patients. 

Analysis of ventricular function: Left ventricular 
ejection fraction was calculated from the single plane, 
right anterior oblique projection cineangiogram using 
the method of Kennedy et al!? with the aid of a comput- 
er-integrated digitizing pad and a grid correction factor `: 
to account for magnification. Echocardiographically, . 
ain volumes were 

















TABLE lf Hemodynamic, echocardiographic, ventriculographic and surgical data 





VSD Diagnosis 


-DE 
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O2Step Qp/QS(Cath) CLV 


1.6:1 
3.6:1 
4.2:1 
27:1 

4:1 

ey 
1.9:1 
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Surgery 


VSD Location 
2-DE/ Doppler 


Apex 
Apex 

Inf 

Inf 

Inf 
Inf-Apex 
Apex 





CFI = color Doppler flow imaging; CLV = cine left ventriculography; Inf = inferior; O2 Step = step-up in O saturation; PW = pulsed-wave Doppier: Qp/QS = ratio of pulmonary to sys- 
temic flow; 2-DE = 2-dimensional echocardiogram; VSD = ventricular septal defect; 0 = not present; + = present: — = not performed 


RESULTS 

All patients with acute mitral regurgitation were 
correctly identified by Doppler techniques. No patient 
with mitral regurgitation was misdiagnosed as having 
VSD, nor were VSD patients misclassified as having 
acute mitral regurgitation, although 2 patients had both 
mild mitral regurgitation and VSD. 

Ventricular septal defect diagnosis: Two-dimension- 
al imaging was adequate for diagnosis of VSD in 4 of 7 
patients (Table II). Imaging with 2-dimensional echo- 
cardiography alone was unable to unequivocally detect 
3 VSDs, all of which were located in the apical region. 

The combination of 2-dimensional imaging with 
pulsed-wave Doppler allowed us to detect VSD in all 
patients in whom it was performed, including all 3 pa- 
tients in whom 2-dimensional echocardiography alone 


FIGURE 1. Parasternal short-axis view 
shows an inferior VSD at the basal 
region on color Doppler flow imaging. 
The mitral valve is just out of the plane 
of this image during systole. Turbulent 
(mosaic of blue, green and white) flow 


was not able to provide a definitive diagnosis. It should _ 
be acknowledged, however, that the conventional Dopp- 
ler exam was aided by color flow imaging in these pa- 
tients (see later), and conventional Doppler may have 
missed the diagnosis of VSD had color flow imaging no 
been available. 
Color flow imaging correctly identified all 7 patint 
with acquired VSD. Additionally, convincing eviden 
for VSD was more readily obtained with color flow im 
aging and required less imaging time. Specifically, loca- 
tion of the pulsed-wave Doppler sample volume was fa 
cilitated by color flow imaging in several patients. 
Ventricular septal defect location: The combinatio 
of 2-dimensional echocardiography with convention: 
pulsed-wave Doppler correctly localized the VSD to ap- 
ical, anterior or inferior regions in patients with subse- 





























- quent. confirmation of location by ventriculography or 

-inspection at surgery (5 patients) (Table II). Color flow 
imaging also correctly localized VSD sites for these pa- 
tients and facilitated the conventional Doppler exam as 
“noted above. Additionally, the results of color flow im- 
-aging for VSD location were concordant with results of 
conventional echocardiography and Doppler studies in 
. the 2 remaining patients who did not have ventriculo- 
grams. Septal rupture after inferior infarction was al- 
ways located in the inferior septum. In 3 patients, the 
VSD was located in the basal region of the inferior sep- 
tum and in | patient the VSD extended from the mid- 
region to the apex. VSDs related to anterior infarcts 
-were all located in the apical region of the septum in 
this series. 

~ Inferior VSDs were most readily apparent from the 
parasternal short-axis view. In such patients, a wide 
area of highly variant flow was seen moving through the 
septal defect (Figure 1). Apical VSDs were most easily 
seen from the 4-chamber apical view and varied in size. 
A small apical VSD not visualized by 2-dimensional 
echocardiography alone is shown in Figure 2. 

Evaluation of left ventricular function: Left ventric- 

ular systolic function was evaluated by 2-dimensional 
echocardiography (7 patients) and cine ventriculog- 
raphy (5 patients). The ejection fraction for 2 patients 
could not be determined by cine ventriculography, as 
determined by the physician performing the study, due 
to ventricular tachycardia or inadequate opacification of 
the left ventricle. 








DISCUSSION 

Traditionally, clinical suspicion of VSD has been 
confirmed by demonstration of a significant “step-up” 
in oxygen saturation during right-sided heart catheter- 
ization followed by left ventriculography to confirm lo- 
cation. Recently, however, it has been shown that 2- 
dimensional echocardiography and Doppler techniques 
can provide timely and accurate identification of 
VSD,3-!9 and thereby enable prompt diagnosis when in- 
vasive methods are not readily available. The present 
study supports the use of conventional 2-dimensional 
echocardiography and Doppler ultrasound for the non- 
invasive evaluation of VSD. Moreover, color flow imag- 
ing offers the convenience of flow information superim- 
posed on anatomic information, and probably enables 
more rapid diagnosis and localization of the VSD. Giv- 
en the recent advances in cardiac ultrasound, it is likely 
that invasive techniques can be minimized in the case of 
acquired VSD. Indeed, it appears that the decision to 
operate can be made based on 2-dimensional and Dopp- 
ler echocardiographic data alone, and surgery can pro- 
ceed after coronary angiography, if deemed necessary, 
without preoperative right-sided heart catheterization or 
cine left ventriculography. 

As noted by others,*7!5!6 we found 2-dimensional 
echocardiography inadequate as the sole diagnostic mo- 
dality for several patients with acquired VSD. Pulsed- 
wave Doppler or color flow imaging was required for 
100% diagnostic sensitivity in this series. Additionally, it 
has been shown that conventional Doppler ultrasound 




















FIGURE 2. Apical 4-chamber view 
shows an apical VSD on color Doppler 
flow imaging. High velocity, turbulent 
(green) flow moves from left to right 
ventricle during systole. 





allows identification of important lesions, such as acute 
mitral regurgitation, which may be confused with VSD 
during physical examination or which may coexist with 
ventricular septal rupture.>° Our experience is consis- 
tent with these previous reports in that reliable diagnosis 
of VSD and acute mitral regurgitation was made by 
both conventional Doppler and color flow imaging. Fur- 
thermore, localization of high velocity, disturbed flow is 
likely to be accomplished more quickly by color flow 
imaging than with conventional Doppler methods. Oth- 
er investigators!’ also have reported the usefulness of 
color flow imaging in identifying acquired VSD in the 
setting of inferior myocardial infarction. Although the 
ratio of pulmonary to systemic flow (Qp/QS) in VSD 
can be approximated using Doppler techniques,’® shunt 
quantitation is of little importance for VSD after AMI 
because abrupt enlargement of the defect may occur 
and prompt surgical repair offers the best hope for sur- 
vival.!2 

Two-dimensional echocardiography enables preoper- 
ative analysis of wall motion abnormalities in a high 
percentage of patients with acquired VSD.!° Accurate 
wall motion analysis with 2-dimensional echocardiogra- 
phy, coupled with occasional poor results due to fre- 
quent ventricular ectopy? and potential complications 
seen with contrast left ventriculography, suggests that 
2-dimensional echocardiography may be adequate and 
even preferable for analysis of ventricular function in 
these seriously ill patients. Additionally, right ventricu- 
lar dysfunction appears critical to the development of 
cardiogenic shock in acquired VSD,2!9 and is readily 
evaluated by 2-dimensional echocardiography.!9 

Limitations: This is a small, retrospective analysis of 
patients who had an uncommon problem studied with a 
new technique. Because studies were performed in criti- 
cally ill patients in whom rapid assessment and treat- 
ment were needed, data are not always complete. Simi- 
larly, comparison of color flow imaging with conven- 
tional Doppler could not be performed in a systematic, 
independent fashion. 

Color flow imaging is limited by providing only a 2- 
dimensional velocity map of a 3-dimensional flow phe- 
nomenon. Thus, for accurate localization of VSD, imag- 
ing must be performed in multiple planes. Additionally, 
unorthodox views may be required to visualize VSDs 
that do not occur in standard imaging planes. Finally, a 
VSD may be well seen in only 1 view, and although its 
location with regard to anterior or inferior septum will 
be clear, localization in relation to the apical-basilar 


axis s may require a careful analysis of the sbidy as as scan- 
ning proceeds from apex to base. ; 
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The clinical utility of conventional logistic 
regression models based on left ventricular ejection 
. fraction (LVEF) for the prediction of cardiac events 
(death or recurrent infarction) was assessed in 646 
<<: postinfarction patients undergoing radionuclide 
ventriculography at rest and during exercise. The 
discriminant power of 2 different models (LVEF at 
rest alone vs LVEF at rest plus LVEF at peak exer- 
cise) was quantified in terms of the area under re- 
ceiver-operating characteristic curves based on 
knowledge of patient outcome in the year after 
testing and the logistic probability of that outcome. 
Although LVEF at rest provided a significant 
amount of prognostic information (receiver-operat- 
ing characteristic curve area = 62 + 4%, p 
<0.001), several limitations were observed: (1) 
powerful predictors of risk were uncommon (32% 
of patients with an LVEF at rest <0.20 had a cardi- 
ac event, but only 3% of the population had such 
extreme values); (2) the accuracy of predictions for 
high risk patients was less than for low risk pa- 
tients (28 vs 98%, p <0.001); (3) addition of exer- 
cise LVEF to the model did not improve the accura- 
cy of prediction (receiver-operating characteristic 
-curve area = 68 + 4%, p = 0.11); and (4) predic- 
tions for individual patients were very imprecise 
(the 95% confidence interval of percent risk for an 
LVEF at rest of 0.20 [11 to 36%] overlapped that 
for an LVEF at rest of 0.60 [0 to 14%]). These lim- 
itations restrict the utility of statistical prediction 
~ models when applied to individual patient decisions, 
- and indicate that observations should not be inter- 
preted in isolation of other clinical findings just be- 
cause they have been identified as “important” by 
some statistical procedure. 
(Am J Cardiol 1989;64:702-707) 
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cal regression procedures with increasing fre- 

quency to identify important predictors of risk. 
As a result of these analyses, left ventricular ejection 
fraction (LVEF) is now widely recognized as an impor- 
tant index of prognosis among patients with known or 
suspected coronary artery disease,'-* and is even consid- 
ered an effective alternative to the assessment of multi- 
ple variables.> Others, however, have noted that LVEF 
is frequently interpreted in isolation of other readily 
available clinical information,®* that its predictive ac- 
curacy varies with the goal of testing? and that it is of- 
ten seriously distorted by selection bias.!° We therefore 
sought to determine if certain limitations in the regres- 
sion procedure itself could result in an overestimation of 
the clinical utility of the predictors of risk identified by 
such procedures. To do so, we developed conventional 
logistic regression models to predict cardiac events 
based solely on the assessment of LVEF at rest and dur- 
ing exercise, and quantified the accuracy and precision 
of these models with respect to longitudinal follow-up. 
This study, then, is about the way clinical predictors of 
risk are currently identified, and is not about the prog- 
nostic accuracy of LVEF per se. 


Cer investigators are using multivariate statisti- 


METHODS 

Patient population: The study population derives 
from patients referred by their primary physicians to 
our cardiac noninvasive laboratory between January 1, 
1978, and December 31, 1984, for radionuclide ventric- 
ulography during the course of their evaluation for sus- 
pected exercise-induced ischemia. All 646 patients with 
a documented history of myocardial infarction, and 
without previous coronary artery bypass surgery, valvu- 
lar heart disease, congenital heart disease or primary 
cardiomyopathy were selected for this study. No other 
selection or exclusion criteria were used. The study pop- 
ulation is thereby representative of postinfarction pa- 
tients referred to the typical nuclear cardiology labora- 
tory for outpatient stress test evaluation, but is not nec- 
essarily representative of those specifically referred for 
early postinfarction risk stratification. 

Exercise radionuclide ventriculography: Beta-block- 
ing medications were withheld for at least 24 hours be- 
fore testing. Equilibrium blood pool scintigraphy was 
performed. using technetium-99m in-vitro labeled red . 
blood cells. Upright bicycle ergometry was begun at 200 | 
kpm/min and was increased in 3-minute stages (200. 





kpm/min/stage) until a maximal effort was achieved, 
unless exertional hypotension, serious ventricular ar- 
rhythmias or marked chest pain supervened. All studies 
were performed under constant electrocardiographic 


o monitoring, using a modified V; lead to assess cardiac 


rhythm and heart rate. Blood pressure was measured 
indirectly with a sphygmomanometer. Imaging was per- 
formed at rest and during the last 2 minutes of exercise 
with the patient rotated into a projection that maximal- 
ly separated the left and right ventricles (about 45° left 
anterior oblique projection). A scintillation camera 
(Picker Dynamo) equipped with an all-purpose collima- 
tor and a dedicated minicomputer (MDS-A2) was used. 
LVEF was measured from background-corrected end- 
diastolic and end-systolic counts after manual assign- 
ment of corresponding left ventricular and background 
regions of interest: ejection fraction = (end-diastolic 
counts — end-systolic counts) /end-diastolic counts. 

Follow-up: Patients were contacted by telephone 1 
year after testing. Follow-up data were obtained by 
means of a scripted interview administered by trained 
personnel and confirmed by review of death certificates, 
hospital records or the patient’s primary physician. Only 
4% of patients were lost to follow-up. Two outcomes 
were considered a “cardiac event,” namely, death as a 
direct consequence of myocardial infarction (see later), 
congestive heart failure, ventricular tachyarrhythmia or 
heart block and a new nonfatal myocardial infarction, 
characterized by a consistent history, electrocardio- 
graphic changes and cardiac enzyme elevations. Al- 
though clinically silent infarctions would go undetected 
by this definition, the incidence of such events is rela- 
tively low.!! The sample size, loss to follow-up rate and 
baseline event rate in our population was comparable 
with other published studies.‘ 
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percentages on top of the bars rep- 
resent the event rate in each group. 


Number of Patients 


@ EVENTS 
© NO EVENTS 


Prognostic models: We developed 2 prognostic mod- 
els based on maximal likelihood logistic regression _ 
(BMDPLR!”), using a sigmoid response function to de- _ 
fine the probability (p) of an outcome event: p = 1/[1 
+ exp(—c)], where c = bo + bix; + box. +... + 
bpXn- The first model used LVEF at rest alone to predict — 
the likelihood of a cardiac event in the year after test- 
ing. The second model used LVEF both at rest and at 
peak exercise to predict cardiac events over the same 
time interval. Goodness of fit of the logistic models was 
assessed by means of the Hosmer and Lemeshow!3 and 
Brown!‘ chi-square tests, and by graphic analysis of re- — 
siduals. 

Prognostic power: We quantified the prognostic 
power of each logistic model as the area under a receiv- 
er-operating characteristic curve—the relation between 
true positive rate and false positive rate as the threshold 
for abnormality is changed.!>-!7 For each model, a con- 
tinuous curve was fitted to the true and false positive 
rates for multiple thresholds across the entire range of. 
event probabilities.!° The difference in area represented _ 
the increment in prognostic power between models. Sta- 
tistical comparisons of these areas were performed using 
the method of Hanley and McNeil.!7.18 : 

Accuracy: Prognostic accuracy (A) for the individu- ` 
al logistic predictions was determined from an equation 
based on information theory!?: A = [(1 + E) Xh + 
P) + (2 — E) X In(2 — P) — In(2)]/In(2), where Pis >- 
the logistic event probability and E is the actual event 


status at follow-up (no event = 0, event = 1). Prognos- : 
tic accuracy for a given model was assessed as the aver- 


age of the accuracies of the individual patients. 
Precision: We quantified the precision of the logistic 

models in terms of 95% confidence intervals for popula- - 

tion predictions and individual predictions about the ” 
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| TABLE! Coronary Event Rate and Left Ventricular Ejection | 
Fraction After Myocardial Infarction 
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LVEF = left ventricular ejection fraction. 


predicted event rate over the full range of ejection frac- 
tion. 


- RESULTS 

Ejection fraction and coronary events: There were 
67 coronary events (38 cardiac deaths and 29 new non- 
fatal infarctions) among the 646 patients during the 
year after testing (baseline event rate = 10%) (Figure 
1). LVEF was significantly lower in patients with events 
compared with those without events (0.43 + 0.16 vs 
0.50 + 0.13 at rest and 0.42 + 0.18 vs 0.53 + 0.15 with 
exercise, p <0.001 for each). Thus, the lower the 
LVEF, the higher the event rate (Table I). Although 
extreme values of LVEF at rest and during peak exer- 
-veise were each associated with high subsequent coronary 
event rates, such extreme values were infrequent. For 
example, an LVEF at rest <0.20 was associated with an 
‘event rate of 32%, but occurred in only 3% of the total 
population (Table T). 

< Logistic prediction models: The coefficients for each 
-logistic model are listed in Table II. The model based 
only on LVEF at rest (Figure 2) resulted in a predicted 
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p FIGURE 2. Logistic event probability as a function of LVEF at 
rest. The data points represent the actual event rate for LVEF 
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TABLE I Regression Coefficients for Logistic Prediction 


















































Models Based on Left Ventricular Ejection Fraction 








Model Constant LVEF at Rest Exercise LVEF 





LVEF at rest —0.610 + 0.421 ~3.30+0.90 
LVEF atrestand —0.496 + 0.423 +2.73+1.70 -6.1441.50 
exercise 











All values are +1 standard deviation. 





event rate of 13 + 6% for the 67 patients with events 
versus 10 + 4% in the 579 patients without events (p 
<0.001). In contrast, the model based on LVEF both at 
rest and during exercise (Figure 3) resulted in a predict- 
ed event rate of 15 + 9% in the patients with events (p 
>0.05 compared with LVEF at rest alone) and an event 
rate of 10 + 6% in the patients without events (p >0.05 
compared with LVEF at rest alone). The accuracy of 
these logistic predictions was significantly lower for the 
67 patients with coronary events compared with the 579 
patients without events (28 + 15 vs 98 + 2%, p 
<0.001). Consequently, a prediction of poor prognosis 
was significantly less accurate than a prediction of good 
prognosis. 

As with the raw data listed in Table I, logistic pre- 
dictions of risk were similarly limited by the infrequen- 
cy of extreme LVEF values. Thus, although the logistic 
model based on LVEF at rest was capable of stratifying 
risk from a low of 2% to a high of 35% (Figure 2), and 
the model based on LVEF both at rest and during exer- 
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FIGURE 3. Logistic event probability (y axis) as a function of 
LVEF at rest (x axis) and peak exercise LVEF (z axis). For 
each axis, values range from 0 to 1. The data points repre- 
sent the ejection fraction values for each of the 646 patients. 
Note the high correlation (r = 0.85) between values at rest 

and during exercise, oriented at right angles to the general di- 
rection of the risk function. As a result, there are few patients — : 
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cise could stratify risk from 0.1 to 90%, most patients 
fell within a narrow intermediate range (Figure 3). 

incremental power of ejection fraction at rest and 
during exercise: LVEF at rest provided a significant 
amount of prognostic information in terms of receiver- 
operating characteristic curve area (area = 62 + 4%, p 
<0.001), but LVEF during exercise did not add a sig- 
nificant increment in information (area = 68 + 4%, p = 
0.11 vs LVEF at rest). The credibility of this conclusion 
is strengthened by the fact that the statistical power to 
detect the observed difference of 6% in a sample of 646 
patients is 89%. 

Confidence intervals for logistic risk predictions: 
The precision of logistic risk predictions was very low. 
Figure 4 shows the same prediction model based on 
LVEF at rest shown in Figure 2, but with 95% confi- 
dence intervals for the prediction superimposed.”° Ac- 
cordingly, a patient with an average LVEF at rest of 
0.50 has a l-year risk of 10%, but with the 95% confi- 
dence interval ranging from 4 to 19%. Because of this 
imprecision, the 95% confidence interval of risk (in per- 
cent) for an LVEF at rest of 0.20 (11 to 36%) overlaps 
that for an LVEF at rest of 0.60 (0 to 14%). 


DISCUSSION 

Approximately 10% of patients die from a cardiac 
cause during the year after hospitalization for myocar- 
dial infarction. One half of these deaths occur in the 
first 3 months, and three quarters occur in the first 6 
months. Different statistical models have been proposed 
to predict such events,232!-36 from simple univariate 
analysis to more sophisticated multivariate techniques 
that include logistic regression, discriminate analysis, 
methods based on life table analysis and Cox regression. 
A recent review confirmed the increased use of such 
sophisticated statistical methods.’ Nevertheless, none 
of these models is generally used in clinical practice, 
probably because each fails to recognize at least 1 of 
several critical factors. 

incremental information: The variables incorporated 
into a given model frequently fail to reflect the way 
physicians actually make clinical decisions. The com- 
mon practice of identifying “the most important predic- 
tive variable” as that first selected by a conventional 
stepwise multivariate model, for instance, denies the im- 
portance of the sequence in which clinical information is 
gathered. Thus, by logistic analysis or Cox regression, 
LVEF frequently appears as the best predictor of sur- 
vival in patients who had a myocardial infarction. In 
clinical practice, however, one does not forego the infor- 
mation provided by knowledge of such other relevant 
factors as age, sex, history of prior infarction or symp- 
toms and signs of congestive heart failure when assess- 
ing a patient’s risk. Instead, the clinical value of LVEF 
is properly judged only in terms of the increment of in- 
formation it provides over that which is already known. 
«In 1 study, for example, stepwise analysis was used 
to-assess the utility of exercise radionuclide ventriculog- 
‘Taphy in predicting subsequent coronary events among 
i ients who had an t infarction.’ The 15 different 


variables analyzed included 5 from the history i 5 fro 
exercise electrocardiography and 5 from the radionu- 
clide study. Because only the radionuclide variables 
were identified as providing significant prognostic infor- 
mation, the investigators concluded that exercise radi 
nuclide ventriculography “... is a highly sensiti 
means for classifying patients . . . according to the like! 
hood of having cardiac events ...” after myocardial in 
farction.* Inherent in this conclusion, however, is the 
unrealistic assumption that there are times when the cli- 
nician needs to interpret an exercise LVEF response 
without reference to any other information. In effect, 
the clinician is asked to disregard all the clinical and — 
electrocardiographic findings, even though they could 
all be known to him before the decision to obtain a ra- 
dionuclide ventriculogram. This can be very misleading... 
When stepwise analysis was applied to a database simi- = 
lar to that discussed in the aforementioned study, exer- 
cise LVEF was again found to be the only variable with 
statistically significant prognostic value. However, 
when the data were reanalyzed according to a clinically 
realistic hierarchy, whereby the individual variables 
were considered in the very same order in which they 
actually became available to the physician (first, the 
historical variables; second, the stress electrocardiogra- 
phy variables; third, the radionuclide variables), the lat- 
ter no longer provided a significant increment of prog- 
nostic information.® 

In the present study, too, exercise LVEF did not ad 
significant prognostic information to that provided by 
LVEF at rest alone. Thus, if the presence or absence o 
pulmonary rales, S; or radiographic cardiac enlarg 
ment provide the same prognostic information co: 
tained in the LVEF, then an analysis that is not based 
on the concept of incremental information might reach 
an erroneous conclusion about the value of this factor. - 
Nevertheless, few published studies have analyzed data _ 
serially during the course of hospitalization,”83538 and 
in only 1 study is the incremental nature of clinical in- 
formation specifically recognized.38 
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Such knowledge is likely to provide -a rational basis 
- for developing cost-effective strategies. In an earlier 
: study from our laboratory, for example, Ladenheim et 
a8? developed a strategic model for evaluating patients 
“with suspected coronary artery disease. This incremen- 
“tal model included clinical history, exercise electrocardi- 
ography and myocardial perfusion scintigraphy to pre- 
dict coronary events, from which an optimal testing 
strategy was developed that differed for patients with 
. normal and abnormal electrocardiograms at rest. In pa- 
tients with a normal electrocardiogram at rest, clinical 
history alone provided the most prognostic power. How- 
ever, in the group with an abnormal electrocardiogram 
at rest, clinical history was less powerful, and both exer- 
cise electrocardiography and myocardial perfusion scin- 
tigraphy provided a significant increment in informa- 
tion. Thus, by using more selective test ordering based 
on the principle of incremental information, this model 
<< swas reported to result in a 64% potential reduction in 
“the cost of testing. 
Populations versus individuals: Given an honest 
coin, we can predict the outcome of a series of coin flips 
with high accuracy and confidence, but we remain 
much less confident about the result of the very next 
coin flip. Similarly, predicting the average risk for a 
population of patients is very different from predicting 
the specific risk for an individual member of that popu- 
-~Jation. Clinical investigators rarely report confidence in- 
tervals for such predictions, and when they do, the inter- 
vals are usually referenced to populations rather than 
individuals.*! This type of information is much less use- 
ful to the practicing physician who must make decisions 
about individual patients. 

Thus, in contrast to 1 group of investigators who 
concluded that “... LVEF is a simple and effective al- 
ternative to multivariate analysis for risk assessment af- 
ter acute myocardial infarction,” we show that the im- 
precision of such assessments seriously restricts its prac- 
tical utility for individual clinical decisions. If prediction 
- models are to be useful, they must be precise as well as 
` “accurate. 
- Frequency versus power: The Multicenter Post- 
¿infarction Research Group’ demonstrated that the com- 
- bination of depressed LVEF, pulmonary rales, New 
“York Heart Association functional classification and 
presence of ventricular arrhythmias after an acute myo- 
cardial infarction identified a group of patients with 2- 
year mortality approaching 60%. However, only 2% of 
the entire study population—and only 9% of those who 
- died—fell into this high risk group. In fact, 30% of the 
deaths occurred among patients with <2 of these 4 risk 
‘factors. Thus, although a relatively large proportion of 
~ patients with these findings died, only a small propor- 
tion of all patients who died had these findings. Like- 

~ wise, in our study, the most common predictors of coro- 
“nary events (mildly reduced LVEF at rest) were not 
ry. powerful (50% of patients had an LVEF at rest 
whereas FA ee (severely. reduced 
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has major implications for the development of cost-ef- 
fective testing strategies. 

Limitations of this study: Various forms of selection 
bias were likely to be operative in our study population 
(biased referral of sicker patients for exercise testing, 
coronary angiography and subsequent myocardial re- 
vascularization). We do not believe that these biases 
materially affected analyses based on receiver-operating 
characteristic curves, however, because such curves are 
inherently insensitive to selection bias.!5 On the other 
hand, the incidence of coronary events is highest in the 
first year after myocardial infarction, and models that 
incorporate the timing of the outcome event (Cox re- 
gression, for example) might be more appropriate to 
this particular prediction task. 

Practical implications: Our results should not be in- 
terpreted as an indictment of LVEF as a prognostic in- 
dex. They are rather an indictment of the naive use of 
stepwise regression to identify so-called “important” 
clinical predictors, and of the equally naive use of any 
single predictor to categorize patients into high and low 
risk groups. Although this conclusion might seem self- 
evident, published reports continue to proselytize indi- 
vidual variables in isolation of other clinical informa- 
tion 5-40-42 

What then was the value of other clinical variables 
in these patients? As part of a different study, we per- 
formed stepwise logistic regression in 598 of the 646 
patients in the current study. We first identified a 
group of candidate variables that had been reported as 
important prognostic indicators in previously published 
studies: age, gender, exercise duration, maximal magni- 
tude of exercise-induced electrocardiographic ST de- 
pression, LVEF at rest and at peak exercise and region- 
al wall motion at rest and at peak exercise. Only 3 of 
these variables were selected for inclusion in our predic- 
tion model by stepwise logistic regression (exercise 
LVEF, exercise duration and ST depression), and when 
we forced LVEF at rest (a proxy for both exercise dura- 
tion and exercise LVEF) into this regression model, 
exercise LVEF—our so-called “most important vari- 
able”—-no longer provided an important increment of 
prognostic information. 

Wasson et al“ recently proposed minimal standards 
that a prognostic model should meet before it diffuses 
into clinical practice. According to them, proponents of 
a given model should fully describe the patient popula- 
tion from which the model derives, provide specific defi- 
nitions for the target outcome and the observations pre- 
dictive of that outcome, and document the effect of the 
model on patient care. As a result of our study, we be- 
lieve that clinical prediction models also should better 
reflect clinical reality by analyzing the variables in the 
same order they become available to the clinician, and 
by formally stating the confidence of their predictions. 
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The diagnostic and therapeutic approach to the 
problem of mural thrombi after acute myocardial 
infarction is uncertain. It is clear that the main 
therapeutic goal is the prevention of embolic 
strokes. Although it is known that the incidence of 
thrombi is greatest after anterior wall infarctions, 
-o there is uncertainty concerning (1) the probability 
of a mural thrombus; (2) the sensitivity and speci- 
- ficity of echocardiography in making the diagnosis; 
— (3) the probability that a thrombus will embolize 
and result in a cerebrovascular accident (CVA); (4) 
© the efficacy of warfarin in preventing embolization; 

: and (5) the probability of bleeding with and without 
warfarin. To study this problem in patients who 
have had an anterior wall myocardial infarction, a 
_ model was created in which reasonable estimates 

- for the unknown parameters were determined from 
published medical studies. The model was designed 
== to consider patients if they were or were not treat- 

_ ed during the initial hospitalization with heparin. 
-o The probability of thrombus was estimated at 0.30, 
sensitivity and specificity of echocardiography at 
0.85 and 0.85, probability that a thrombus will em- 
 bolize at 0.15, efficacy of anticoagulation of 0.75, 

— -probability of bleeding with warfarin at 0.03 and 
probability of bleeding without warfarin at 0.005. 

-= Probabilities of a CVA and of bleeding with and 
-without warfarin were determined if all patients 
were anticoagulated, if patients with positive echo- 

-. eardiographic results were treated, if patients with 

; negative echocardiographic results were treated 
: and if echocardiographically guided therapy was in- 
stituted in which patients with positive echocardio- 
graphic results are treated and patients with nega- 
tive results are not treated. The results revealed 
that the baseline probability of a CVA will be re- 

» duced from 0.045 to 0.011 with anticoagulation 
for all patients and to 0.016 for echocardiographi- 
-= -cally guided therapy. These models translate into 
anticoagulation of 30 patients to prevent 1 stroke if 
alll patients are anticoagulated versus “treatment” 
_ of 35 patients to prevent 1 stroke if echocardiogra- 
_ hy is used to guide anticoagulation. There is a net 


therapy, allowing 111 patients to 
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for the strategy in which all patients are treated. 
Sensitivity analysis permitted these results to be 
expanded and amplified. Echocardiographically 
guided therapy prevents most CVAs at consider- 
able savings in bleeding episodes. This strategy is 
especially safe if the sensitivity is high. 

(Am J Cardiol 1989;64:708-—716) 


complication of acute myocardial infarction.'~3 

The most likely site for the embolus to arise is 
from mural thrombi in patients with large anterior myo- 
cardial infarctions.4° The most ravaging complication 
of peripheral embolization is a cerebrovascular accident 
(CVA), which may be more incapacitating than the 
original myocardial infarction. The prophylactic treat- 
ment to prevent a CVA is anticoagulation.® There is, 
however, uncertainty as to whether all patients should 
be orally anticoagulated for a prolonged period after an- 
terior myocardial infarction or only patients at high 
risk.2 There is also uncertainty as to how to establish 
risk adequately.2 The answer appears to be the use of 
echocardiography to diagnose the presence of thrombi, 
followed by anticoagulation. Although high sensitivity 
and specificity for echocardiography have been suggest- 
ed,’ the application of echocardiography to guide anti- 
coagulation is uncertain. Nordrehaug,® Turpie? and 
their co-workers have suggested that short-term anti- 
coagulation with heparin will decrease mural thrombus 
formation. Thus, the real question concerns the longer- 
term use of oral anticoagulation with warfarin. This 
study develops a model for the diagnosis and treatment 
of mural thrombi after anterior wall myocardial infarc- 
tion. The model permits the incidence and potential for 
embolism of mural thrombi to be considered. Further- 
more, it permits the application of echocardiography 
and long-term anticoagulation therapy to be considered 
within the framework of formal decision analysis. 


P eripheral emboli present a potentially devastating 
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METHODS è 

_. The model to be considered was developed using 
~ principles of medical decision making.!°!' Two decision 
-trees were constructed for patients with acute anterior 
- myocardial infarctions (Figure 1). In the first tree (Fig- 
ure 1A), patients are divided at the first node as to 
whether they receive or do not receive warfarin. At the 
second node, each group is divided into subgroups with 
and without mural thrombi. At the final node, the pa- 
tients are divided as to whether they do or do not have a 
CVA. Due to the overwhelming importance and relative 
frequency of CVAs, and to keep the model from becom- 
ing overly complicated, other peripheral emboli were 
not considered. In the second tree (Figure 1B), patients 
are divided as to whether the echocardiogram result is 
positive or negative for mural thrombi. Thereafter each 
arm of the model follows the first tree. 

To evaluate the utility of echocardiography and anti- 
coagulation within the framework of this model, esti- 
mates based on medical studies had to be made of (1) 
the incidence of mural thrombi in the setting of an 
acute anterior myocardial infarction!?-"3; (2) the sensi- 
tivity and specificity of echocardiography for mural 
thrombi’; (3) the probability that thrombi will embolize 
if present%13-14; (4) the efficacy of warfarin in sup- 
pressing systemic emboli®!3; and (5) the probability 
of bleeding with and without anticoagulation.'> These 
baseline estimates are listed in Table I. 

Given the assumed values, the model and estimates 
in Table I allow a set of basic questions to be answered. 
First, what is the probability of a CVA for all anterior 
myocardial infarctions (All Patients Treated model) 
with and without anticoagulation, and what is the risk 
in terms of a major bleeding event associated with anti- 
coagulation? Next, what is the probability of a CVA if 


FIGURE 1. Decision trees in the treat- 
ment of mural thrombi with anticoagu- 
lation. A, in the top decision tree, 

patients either do or do not have mural 


anterior 
myocardial 
infarction 


anterior 
myocardial 
infarction 


TABLE I Baseline Parameters and Assumptions 


Baseline 


Parameter Value Minimum Maximum 


Probability of thrombus 
Sensitivity of echocardiography 
Specificity of echocardiography 
Probability thrombus will embolize 
Efficacy of anticoagulation 
Probability of bleeding with warfarin 
Probability of bleeding without 
warfarin 


an echocardiogram result is positive or negative for 
thrombi? To integrate this model, a combined model. 
was created in which only patients with positive echo- 
cardiogram results are anticoagulated (Echo-Guided 
Therapy), which allows full assessment of the effective- 
ness of using the echocardiogram to guide anticoagula- 
tion. In discussing echocardiographically guided thera 
py, “treated” will be in quotes as only patients with pos 
itive echocardiogram results will be anticoagulated. The 
number of patients that would have to be treated to pre- 
vent 1 CVA is the inverse of the absolute percent reduc 
tion in the number of CVAs.!¢ Similarly, the numbe: 
patients who would suffer a major bleeding event is the 
inverse of the absolute percent reduction in risk.'® 
There is uncertainty regarding each of the baseline 
variables in Table I. Thus, a sensitivity analysis was p 
formed. In particular, short-term anticoagulation wi 
heparin may prevent thrombus formation. This would 
lower the pretest probability of a thrombus. Each of the 
parameters in the model was varied between the limits 
in the Minimum and Maximum columns of Table I. 
The entire model was recalculated as each parameter 
varied between the limits shown. In the consideration 
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eline Model Results 










All Positive Negative Echo- 
Patients Echo Echo Guided 
Treated Result Result Therapy 
















Pts (%) 100 36 64 100 























Probability of thrombus 0.30 0.71 0.07 0.30 

Probability of CVA without 0.045 O11 0.011 0.045 
warfarin 

Probability of CVA with 0.011 0.027 0.0026 0.016 
warfarin 

Risk reduction with 0.028 0.074 0.0062 0.024 
warfarin 

Relative risk reduction 0.75 0.75 0.75 0.64 
with warfarin 

Patients treated to prevent 30 13 126 35 
1 CVA 

Patients treated causing 1 40 40 40 111 
extra bleeding event 












CVA = cerebrovascular accident. 




























-this model, it was not assumed that echocardiography 
would only be performed on a single occasion. 


ESULTS 
The results of the baseline model, using the data 
-from Table I, are listed in Table II. The first column of 
<- results considers the top decision tree in Figure 1. Using 
this strategy, all patients with an anterior wall myocar- 
dial infarction are treated in the same way (All Patients 
Teated), that is, either the patient is or is not.antico- 
agulated. The probability of a CVA with and without 
warfarin is presented. The risk reduction with warfarin 
is the difference between these 2 numbers. The inverse 
of the reduction in risk is the number of patients who 
-would have to be treated to prevent 1 CVA. 
The second column of results in Table II considers 
_ the top half of the bottom decision tree from Figure 1. 
These are the patients with positive echocardiogram re- 
sults (36%). Using the baseline sensitivity and specific- 
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; Probability of Thrombus 


‘ity, a positive echocardiogram result increases the prob- 


ability of a thrombus from 0.30 to 0.71. The probability 
of a CVA also will increase. Thus, with a positive echo- 
cardiogram result, the number of patients requiring 
treatment to prevent 1 CVA decreases from 30 to 13. 
The third column reflects the results of treating the pa- 
tients with negative echocardiogram results (64%). The 
incidence of a thrombus decreases to 0.07. Thus, the 
probability of a CVA will decrease and the number of 
patients requiring anticoagulation to stop 1 CVA will 
increase dramatically. The incidence of bleeding with 
warfarin is unlikely to be affected by the echocardio- 
gram, and thus it is unchanged in each of these models. 

Given the rather poor results for warfarin in the pa- 
tients with negative echocardiogram results, we may 
consider the overall effect of echocardiographically 
guided therapy. This is listed in the fourth column of 
results in Table II, and may best be compared with the 
first column of results. The efficacy of warfarin will ap- 
pear to decline. This is because only 36% of the patients 
with positive echocardiogram results will get warfarin, 
and there are 4.5% of patients with thrombus and a 
false negative echocardiogram result. Thus, the risk re- 
duction with therapy is somewhat smaller, and a few 
more patients will have to be “treated” to prevent 1 
CVA. The major benefit is that the number of patients 
“treated” that results in a major bleeding event in- 
creases dramatically. The net difference is 5 more pa- 
tients that will need to be “treated” to prevent 1 CVA, 
while there is a gain of 71 patients before there is a 
bleeding event. Note that in the 4 strategies listed in 
Table II, both All Patients Treated and Echo-Guided 
Therapy consider 100% of the patients, whereas the 
Positive Echo Result and Negative Echo Result cohorts 
only consider these subgroups. This will remain true for 
the following sensitivity analyses. 

The baseline model carries considerable uncertainty 
regarding each of the variables. To evaluate the impact 













FIGURE 2. Sensitivity analysis of 
the probability of thrombus. The 
probability of thrombus is on the X 
axis, and the number of patients re- 

treatment to prevent 1 CVA 
is on the Y axis. Four curves are 
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ainty on the ability to guide theray, we 


a considered a series. of sensitivity analyses. In the first 


: analysis, the probability of thrombus is varied from 0.1 

to.0.4. The results are shown in Figure 2. The number 
of patients who would have to be treated to prevent | 

~ CVA is plotted against the probability of a thrombus. 
Separate curves have been developed for each column in 
Table II. The number of patients required to prevent 1 
< CVA decreases as the probability of a thrombus in- 

.. creases. The number of patients required is always least 
if the echocardiogram result is positive and greatest if 
the echocardiogram result is negative. The key compari- 
son is the number of patients required for the Echo- 
Guided Therapy compared with the All Patients Treat- 
ed strategies. The 2 curves decline in parallel, but the 
number of patients is always 17% higher for Echo- 
Guided Therapy. As in the baseline model, the risk of 
bleeding is less in the Echo-Guided Therapy strategy. 
The number of patients treated resulting in 1 bleeding 
event remains 40 in the All Patients Treated strategy. 


`. In the Echo-Guided Therapy strategy, the number of 


patients “treated” to result in 1 bleeding event declines 
from 182 to 93, as the proportion of patients receiving 
warfarin increases. Several-fold savings result in bleed- 
ing events per increased risk of stroke at each level 
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FIGURE 3. Sensitivity analysis of the sensitiv- 
echocardiography. 


ity of . The sensitivity of 


| echocardiography is on the X axis. Otherwise 


the orientation is the same as in Figure 2. 


oobi bility of thrombosis. Short-ter 

with heparin may decrease the incidence o 

formation. This would move the incidence values on the 
curves to the left, and would decrease the utility of the 
apy for echocardiograms with negative outcomes. If — 
heparin reduced the incidence of thrombus by two — 
thirds, then the incidence would decrease from 30 to 
10%. Then, if all else was unchanged, there would be 
less reason to anticoagulate patients with negative echo- 
cardiogram results. However, should heparin delay — 
rather than prevent thrombus formation, serial echocar- 
diograms would be essential if the echocardiogram were 
to be used to guide therapy. 

In the second sensitivity analysis (Figure 3), the sen- 
sitivity of echocardiography for thrombus is varied from ` 
0.70 to 0.95. The number of patients who would have to 
be treated to prevent a CVA is plotted against the sensi» © 
tivity of echocardiography. As in the previous figure, © 
separate curves have been developed for each column in- 
Table II. The number of patients treated to prevent 
CVA decreases for positive echocardiogram results and 
increases for negative echocardiogram results. This is 
because the number of patients with thrombi in the neg- 
ative echocardiogram group (false negatives) decreases 
as sensitivity increases. The number of patients treated _ 
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prevent 1 CVA remains constant at 30 in the All 





- Patients Treated model. The number of patients “treat- 
ed” to prevent 1 CVA in the Echo-Guided Therapy 
- model decreases from 42 to 31 as the sensitivity in- 
creases. The risk of bleeding remains 40 patients for 1 
bleeding event in the All Patients Treated model, but 
decreases from 127 to 103 in the Echo-Guided Therapy 











group. Thus, as the sensitivity of echocardiography. in 


creases, the number of patients to be treated to prevent 
1 CVA in the Echo-Guided Therapy group converges 
with the All Patients Treated model at the expense of 
some increased bleeding. The increased bleeding risk 
occurs because the percentage of patients anticoagu- 
lated will increase from 31.5 to 39%. 
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FIGURE 4. Sensitivity analysis of 
the specificity of echocardiography. 
The specificity of echo is on the X 
axis. Otherwise the orientation is 
the same as in Figure 2. 
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i In the third sensi ivity analysis (Figure 4), the speci- 
--ficity of echocardiography for thrombus is varied from 
0.70 to 0.95. The number of patients who would have to. 


be treated to prevent 1 CVA is plotted against the speci- 
ficity of echocardiography. The number of patients 
required to prevent 1 CVA decreases for positive echo- 
cardiogram results and increases for negative echocar- 
diogram results. This is because the number of true neg- 
atives increases from 49 to 66.5% of the patients as 
specificity increases. The number of patients required to 
prevent 1 CVA remains constant at 30 in the All Pa- 
tients Treated model and 35 in the Echo-Guided Thera- 
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= FIGURE 6. Sensitivity analysis of 

:: -the efficacy of warfarin. The effica- 
cy of warfarin is on the X axis. 
Otherwise the orientation is the 


Patients Treated 
Causing 1 
Extra Bleeding 


war of bleed- 
ing with warfarin is on the X axis. 


del. Echo-Guided Therapy will remain constan 


because warfarin will be effective only in the true posi 


tives who will not be affected by the increase in specific 
ity. The risk of bleeding remains 40 patients for 1 bleed 
ing event in the All Patients Treated model, but in 
creases from 86 to 138 in the Echo-Guided Therap 
group. This is because the percentage of patients sub 
jected to warfarin decreases from 46.5 to 29% as the 
true negatives are more reliably found by echocardiog- 
raphy. 

In the fourth sensitivity analysis (Figure 5), the — 
probability that a thrombus will embolize is varied from ~ 


Negative Echo : 


Echo Guided | 
All Patients 


Positive Echo: 





Efficacy of Anticoagulation 


Echo Guided 


02 03 ae 
Probability of Bleeding off Wa 



























































40. The number of patients required to prevent 
A decreases for each group. The number of pa- 
nts. required is always 17.6% higher in the Echo- 
- Guided Therapy group. The number of patients “treat- 
ed” resulting in 1 extra bleeding event is always 40 for 
-the All Patients Treated strategy and 111 for the Echo- 
Guided Therapy strategy. 

~~ Jn the fifth sensitivity analysis (Figure 6), the effica- 
cy of anticoagulation is varied from 0.50 to 0.90 reduc- 
tion in thromboembolism. The number of patients re- 
quired to prevent 1 CVA decreases for each group. The 
number of patients required is always 17.6% higher in 
the Echo-Guided Therapy group. The number of pa- 
tients “treated” resulting in 1 extra bleeding event was 
always 40 for the anterior myocardial infarction strate- 
gy and 111 for the Echo-Guided Therapy strategy. This 
model is much like the former (considering the proba- 
< bility that a thrombus will embolize), but the number of 
"patients is lower given the parameters of the model. 

In the sixth sensitivity analysis (Figure 7), the prob- 
ability of bleeding with anticoagulation is varied from 
0.01 to 0.05. The number of patients required to prevent 
1 CVA does not vary in this model. Thus, the number 
of patients “treated” resulting in 1 bleeding event is 
plotted against the probability of bleeding with warfa- 
rin. There is no difference between the All Patients 
- Treated, Positive Echo Result and Negative Echo Re- 
sult groups. The Echo-Guided Therapy strategy will al- 
-ways have a higher number of patients “treated” to 
yield 1 extra bleeding event because only 36% of pa- 
tients with positive test results will receive warfarin. As 

‘the probability of bleeding with warfarin increases, the 
-number of patients required to yield 1 extra bleeding 
event decreases. The number of patients required to 
yield 1 extra bleeding event is always 1.8 times higher in 

` the Echo-Guided Therapy strategy. The number of pa- 
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ent T 30 in the All: 
Patients Treated and 35 in the Echo-Guided Therapy — 
strategies. Note that as the incidence of bleeding with 
warfarin increases, the number of patients anticoagulat- 
ed to yield 1 extra bleeding event decreases below the 
number of patients treated to prevent 1 CVA. 

In the seventh and final sensitivity analysis (Figure 
8), the probability of bleeding without anticoagulation 
is varied from 0.002 to 0.01. The number of patients 
required to prevent 1 CVA does not vary in this model, 
Thus, the number of patients “treated” resulting in 1 
bleeding event is plotted against the probability of 
bleeding without warfarin. There is no difference be- 
tween the All Patients Treated, Positive Echo Result 
and Negative Echo Result groups. The Echo-Guided 
Therapy strategy will always have a higher number of 
patients “treated” to yield 1 extra bleeding event be- 
cause only 36% of patients with positive test results will 
receive warfarin. The number of patients required to 
yield 1 extra bleeding event decreases as the incidence 
of spontaneous bleeding increases and comes closer to 
that with warfarin. The number of patients needed to 
produce 1 extra bleeding event remains 1.8 times higher 
in the Echo-Guided Therapy strategy compared with 
the All Patients Treated strategy. The Echo-Guided 
Therapy strategy will remain beneficial as long as there 
is excess bleeding with warfarin. 


DISCUSSION 

The problem of mural thrombi and the role of anti- 
coagulation in preventing systemic embolization is a dif- 
ficult one. A full appreciation of the utility of echocardi- 
ography in making this decision requires the kind of de- 
cision modeling presented here. Modeling of this sort 
generally is most helpful as a tool for understanding the 
problems, uncertainty and situations in which decisions 
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ing without warfarin is on the X 
axis. The number of patients treat- 
ed to result in 1 extra bleeding 
event is on the Y axis. Curves are 
displayed for the All Patients and 
Echo-Guided strategies. 
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have to be made. In addition, certain observations are 
possible. If the probability of thrombi is low to moder- 
ate and the sensitivity of echocardiography is high, then 
echocardiography is most helpful in guiding therapy. 
Once the incidence of thrombi crosses a certain point 
(perhaps = 50%), the incidence of thrombi may become 
sufficiently high to justify anticoagulating all anterior 
myocardial infarctions, because after a certain probabil- 
ity of thrombi the incidence of CVAs will become high 
enough to justify the All Patients Treated Strategy. At 
this point the cost of missed thrombi (false negatives) 
resulting in CVAs outweighs the benefit of less bleeding 
with the Echo-Guided Therapy. Thus, echocardiogra- 
phy is only worthwhile if few thrombi are missed, given 
the potentially devastating impact of a CVA. 

The sensitivity and specificity of echocardiography 
for mural thrombi have been studied previously. In the 
study of Stratton and Resnick? the sensitivity was esti- 
mated to be 0.95 and the specificity 0.86. That study 
used autopsy, surgery and radioisotopic determination 
of the presence of thrombi, which suggests that the pa- 
tients were selected. In most patients there is no abso- 
lutely acceptable “gold standard” to make the diagnosis 
of a mural thrombus. Thus, sensitivity and specificity 
can only be estimated. Sensitivity does depend on the 
severity of disease.!7 Consequently, large thrombi pro- 
truding into the ventricle are probably more likely to be 
visualized. 

The incidence of thrombi has been extensively stud- 
ied. The reported incidence varies from 272 to 54%.18 
In most studies the reported incidence is close to 
30%.241213 Some variation is not surprising, given the 
different methodology and some uncertainty as to the 
sensitivity and specificity. The potential of thrombi to 
embolize also has been studied.2313.14 This figure has 
been suggested to vary from 133 to 39%.!3 The uncer- 
tainty as to embolic potential is built on top of the un- 
certainty of the incidence, and on the sensitivity and 
specificity of the echocardiogram. 

As noted by Ezekowitz,!° the efficacy of warfarin in 
this setting has not been systematically studied. Non- 
randomized studies have certainly suggested that warfa- 
rin will be useful in preventing emboli.3:!2 The issue con- 
sidered here is whether echocardiography could guide 
long-term anticoagulation. To study this issue using 

Standard methods would require a randomized trial 
with either all patients anticoagulated, or only those 
with a positive echocardiogram result. A third arm with 
no anticoagulation also could be added. This would be a 
difficult trial to perform if there is uncertainty about 
the diagnosis and the potential for embolization. Fur- 
thermore, with a randomized trial it would be difficult 
to control confounding factors such as stopping antico- 
agulation to send patients to coronary artery bypass sur- 
gery or beginning anticoagulation for intracoronary 
thrombi. These crossovers could be considered con- 
founders since they would not be the result of failure of 


: - therapy. Crossovers also would occur if warfarin is ei- 
_ ther begun or stopped for any reason. Thus, the trial 


can only answer the intention to treat question. Al- 
hough of interest, this is not the only way to consider 


the question. Furthermore, approximately 18,000 pa 
tients would be needed to show a difference in CV, 
rate between Echo-Guided Therapy and All Patients _ 
Treated in a randomized trial (using the rates in Table. 


II, 1 tail alpha = 0.05, 90% power). Certainly, model- 
ing approaches can supplement trials. There have been _ 


2 excellent randomized studies by Nordrehaug,® Tur- — 
pie? and their co-workers showing that heparinization ... 


within hours of the beginning of an anterior infarction _ 


may prevent the formation of a thrombus. However, _ 
these studies did not address long-term anticoagulation 
with its greater risk for bleeding. Also, early anticoagu- 
lation that is stopped may delay, but not prevent, 
thrombus formation. ; 

Thus, the incidence of thrombi can be estimated, . 
and the utility of anticoagulation in preventing emboli is _ 
highly likely. The biggest uncertainty is in the use of 


echocardiography in guiding therapy. Thus, a modeling 
approach seems to be most appropriate for approaching = 
this question. All models of this sort may be criticized 
as being too simplistic. This model only considers trans- 
mural anterior myocardial infarctions, because this is 


the type of myocardial infarction that will cause the 
largest wall motion defect.> Thus, this type of infarction 
will be more likely to result in thrombi and systemic 
embolization.*>.!3 Similar models could be created for 
any disease state with thrombi in the heart that might 
be seen with echocardiography. Meltzer et al! have 
shown that large thrombi protruding into the left ven 

cle are the most likely to embolize. As suggested before, . 
this kind of thrombus is least likely to be missed on 
echocardiography. However, it would not be appropri- 
ate to treat only these types of thrombi, because the 
shapes of thrombi have been shown to change over time _ 
after an infarction.!8 : 


The problem of time represented the greatest diffi, 


culty in the modeling strategy used here. When should 
echocardiography be performed? This requires a knowl- 
edge of the natural history of the formation of mural 


thrombi. Domenicucci et al?! have shown that 83% of 


thrombi form by 1 week after infarction and 88% form. 


by 2 weeks. The other 12% will form over the first year 
(average 75 days). Thus, echocardiography may haveto 


be performed several times. This issue could be viewed 


as part of establishing the sensitivity of echocardiogra~- = 


phy. The other problem with time is the appropriate 
time limits for anticoagulation. In developing our mod- 
el, the clinical view of 6 months of anticoagulation after 
the infarction was used as a guiding principle. However, 
the point in time when the risk is sufficiently small to ` 
justify stopping anticoagulation cannot be adequately 
addressed from available data. Furthermore, the model 
does not prevent individual decision making. For in- 
stance, if there is a large ventricular aneurysm, pro- 


longed anticoagulation may be desired. However, inthe __ 
study by Reeder et al,?? 4 of the 5 systemic emboli not- 


ed in 100 patients occurred in the first 6 weeks after 
myocardial infarction. The utility of anticoagulation for 
all left ventricular aneurysms is not likely to be high.23 _ 
Similarly, a contraindication for anticoagulation could 
modify the treatment program as well. For instance, an 
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elderly patient subject to falling might be a poor risk for 
nticoagulation, and an appropriate strategy would be 
- to anticoagulate in the hospital only. Thus, this model 
_ may be viewed as a method for clinical reasoning rather 
than as a prescription for therapy. 
-= A complete cost-effectiveness study has not been de- 
veloped here. However, the greatest benefit of therapy 
will be to prevent stroke. The greatest risk will be major 
bleeding from warfarin. The costs of warfarin (exclusive 
-of bleeding) and the echocardiography are relatively mi- 
nor compared with these major and potentially cata- 
strophic events. The model presented here fits well with 
the opinions expressed in medical studies, and permits a 
simple formula for patient care. If there is no contrain- 
dication, patients with an anterior wall myocardial in- 
farction should be anticoagulated on admission. An 
echocardiogram should be obtained at 7 days or at the 
time of discharge. If there is a thrombus, warfarin ther- 
apy should be started. If there is no thrombus, the echo- 
cardiogram should be repeated at the time of the first 
office visit, providing another opportunity to diagnose a 
thrombus and to begin anticoagulant therapy. As noted, 
our model should help guide decisions, with consider- 
ation of therapy individualized to each patient. 
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Transderm-Nitro® nitrogiycerin 
Transdermal Therapeutic System 


BRIEF SUMMARY (FOR FULL PRESCRIBING 
INFORMATION, SEE PACKAGE INSERT) 














INDICATIONS AND USAGE 
This drug product has been conditionally approved by 

the FDA for the prevention and treatment of angina 
pectoris due to coronary artery disease. The conditional 
approval reflects a determination that the drug may be 
marketed while further investigation of its effectiveness 

is undertaken. A final evaluation of the effectiveness of the 
product will be announced by the FDA 


CONTRAINDICATIONS 

Intolerance of organic nitrate drugs, marked anemia, 
increased intraocular pressure or increased intracranial 
pressure. 


WARNINGS 

In patients with acute myocardial infarction or congestive 
heart failure, Transderm-Nitro system should be used under 
careful clinical and/or hemodynamic monitoring. 

In terminating treatment of anginal patients, both the dosage 
and frequency of application must be gradually reduced over a 
period of 4 to 6 weeks to prevent sudden withdrawal 
reactions, which are characteristic of all vasodilators in the 
nitroglycerin class. 

Transdermal nitroglycerin systems should be removed before 
attempting defibrillation or cardioversion because of the 
potential for altered electrical conductivity which may enhance 
the possibility of arcing, a phenomenon associated with the 
use of defibrillators. 


PRECAUTIONS 

Symptoms of hypotension, such as faintness, weakness or 
dizziness, particularly orthostatic hypotension may be due to 
overdosage. When these symptoms occur, the dosage should 
be reduced or use of the product discontinued. 
Transderm-Nitro system is not intended for immediate relief of 
anginalattacks. For this purpose occasional use of the 
sublingual preparations may be necessary. 


ADVERSE REACTIONS 

Transient headaches are the most common side effect, 
especially when de doses of the drug are used. These 
headaches should be treated with mild analgesics while 
Transderm-Nitro therapy is continued. When such headaches 
are unresponsive to treatment, the nitroglycerin dosage 
should be reduced or use of the product discontinued. 
Adverse reactions reported less frequently include hypotension, 
increased heart rate, faintness, flushing, dizziness, nausea 
and vomiting. These symptoms are attributable to the known 
pharmacologic effects of nitroglycerin, but may be symptoms 
of overdosage. When they persist the dose should be reduced 
or use of the product discontinued. In some patients, 
dermatitis may occur. 


DOSAGE AND ADMINISTRATION 
ey should be initiated with application of one Transderm- 
Nitro 5 mg/24 hr system to the desired area of skin. Many 
patients prefer the chest; if hair is likely to interfere with 
system adhesion or removal, it can be clipped prior to 
lacement of the system. Each system is designed to remain 
in place for 24 hours, and each successive application should 
be to a different skin area. Transderm-Nitro system should not 
be applied to the distal parts of the extremities. 
The usual dosage is one Transderm-Nitro 5 mg/24 hr system 
Some patients, however, may require the Transderm-Nitro 
10 mg/24 hr system. If a single Transderm-Nitro 5 mg/24 hr 
system fails to provide adequate clinical response, the patient 
should be instructed to remove it and apply either two 
Transderm-Nitro 5 mg/24 hr systems or one Transderm-Nitro 
10 mg/24 hr system. More systems may be added as 
indicated by continued careful monitoring of clinical response 
The Transderm-Nitro 2.5 mg/24 hr system is useful principally 
for decreasing the dosage gradually, though it may provide 
adequate therapy for some patients when used alone. 
The optimal dosage should be selected based upon the clinical 
response, side effects, and the effects of therapy upon blood 
pressure. The greatest attainable decrease in resting blood 
peseur that is not associated with clinical symptoms of 
ypotension especially during orthostasis indicates the 
optimal dosage. To decrease adverse reactions, the size 
and/or number of systems should be tailored to the individual 
atient's needs. 
o not store above 86°F (30°C). 


PATIENT INSTRUCTIONS FOR APPLICATIONS 
A patient leaflet is supplied with the systems 


Printed in U.S.A. C89-8 (Rev. 3/89) 


© 1989, Summit. 629-1299-A 


Dist. by: 

Summit Pharmaceuticals 

Division of CIBA-GEIGY Corporation 
Summit, New Jersey 07901 


Summit Pharmaceuticals 
Division of CIBA-GEIGY Corporation 
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CLINICAL CARDIOLOGIST with strong background in echo-cardiology 
to join group of six cardiologists in large multi-specialty clinic in Madi- 
son, Wisconsin. Regional referral hospital with active catheterization, 
EP, Angioplasty and surgical programs. Competitive salary, excellent 
benefits. University community, teaching hospital. Excellent recre- 
ational and cultural opportunities. Send CV to: Louis C. Bernhardt, 
M.D., Dean Medical Center, Madison, WI 53715. 


CORONARY AND PERIPHERAL SIMPSON ATHEREC- 
TOMY—A Live Demonstration Course; Course Director: 
John B. Simpson, M.D.; November 29-December 2, 1989; 
Redwood Shores, California; 20 Category | CME Credits. 
Please respond to Box No. 1035, The American Journal of 
Cardiology, 249 W. 17th St., New York, N.Y. 10011. 


CARDIOLOGIST—To join group of 6 FACC cardiologists in 
Northwestern Pennsylvania. Consultative, invasive and nonin- 
vasive practice. Immediate opening. Reply Box 1025, The 
American Journal of Cardiology, 249 W. 17th St., New York, 
N.Y. 10011. 


THIRD CARDIOLOGIST—well established group practice located in 
beautiful Northern California wine country seeks third invasive/non- 
invasive cardiologist. Catheterization skills required with potential for 
angioplasty. Excellent salary, benefits, security and ample time off. 
Please send C.V. to Richard Zweig, M.D., 401 Bicentennial Way, Santa 
Rosa, CA 95403-2192. 









ABRAHAM A. MITCHELL 
CHAIR IN INTERVENTIONAL CARDIOLOGY 
UNIVERSITY OF SOUTH ALABAMA 

COLLEGE OF MEDICINE 


The University of South Alabama College of 
Medicine invites nominations and applications 
for the Abraham A. Mitchell Chair of Interven- 
tional Cardiology. The position will include clin- 
ical and teaching activity, but the primary em- 
phasis will be in the direction and coordination 
of research activity in interventional cardiology. 
Candidates should have at least three years of 
experience as a board certified invasive cardi- 
ologist and an established record of research 
productivity. Salary, fringe benefits and other 
support commensurate with the position are 
available. 


Please direct nominations or applications to: 
Richard D. deShazo, M.D., Professor and 
Chairman, Department of Medicine, Chair, 
Endowed Search Committee, University of 
South Alabama Medical Center, Mastin Build- 
ing, Room 409, 2451 Fillingim Street, Mobile, 
AL 36617. 


a Now available from Butterworths! | os ao 
The Heart and Hypertension | 


Edited by Franz H. Messerli, MD 


This volume provides a critical review of recent research into areas that 
connect the heart to hypertension: i 


* the heart's involvement in the pathogenesis of arterial hypertension; 
* the heart as a target organ of long-standing hypertension; 


* the effect of antihypertensive agents on cardiac structure and functio 
1987 482 pp. $52.95 


30-day approval 


Send this order form or call toll-free 1-800-548-4001 
Operator Y. In MA or Canada 617-438-8464 EST 8:30-5:00 


g Butterworths 
OC) 80 Montvale Avenue 


Stoneham, MA 02180 





Cl Please send me ____ copy(ies) of The Heart C Please bill O VISA O MasterCard O Am. Express 
and Hypertension at $52.95 each. 914-31645-1 l Tie 
£ Enclosed is my check for. Card # Exp. Date 


MA residents add 5% sales tax. If paying in Canadian Sigoatare necessary N n 
dollars, add 38%. ae 


Name 
C Bill me. C Bill my company. P.O. enclosed. 


Sireet Address 
(Price quoted for U.S. and Canada) City, State, Zip 





EP-PACEMAKER FELLOW 


A multidisciplinary institution is seeking qualified candidates for advanced training in Pacemaker/ 
Electrophysiologic activities. : 


This two year ‘‘clinical electrophysiology-pacemaker training program” is designed to provide 
competency and skills in all aspects of cardiac arrhythmology. 


Clinical experiences are designed to provide skill and competency for independent practice and 
include areas in invasive diagnostic electrophysiologic laboratory procedures, intraoperative elec 
trophysiologic mapping (left and right ventricular), single and dual chamber pacemaker system 
implantation, AICD implantation and management and experience and expertise in cardiac ar- 
rhythmia pharmacology. Clinical and laboratory research activities are available and encouraged 
Under special circumstances a one year program could be considered. 





Prerequisites: Completion of an accredited general cardiology training program. 
Positions available for July 1, 1990. 
Applicants should send all resumes to: 


James D. Maloney, M.D. 

Department of Cardiology F 15 

The Cleveland Clinic Foundation 

9500 Euclid Avenue ae : 
= Cleveland, Ohio 44195-5064. 





LASSIFIED ADVERTISING 


SERVICES 


Immediate Opportunity to Reach 
Your Target Physician Audience 























The American Journal of Cardiology offers classified 
service for its readers who are: 


SEEKING: 


Positions ® Associates 


ANNOUNCING: . 
Post-Graduate Courses © Symposia 


SELLING: Poe 
Practices ® Medical Facilities 


OFFERING: ee 
Intern & Resident Posts @ Academic Posts 


PURCHASING: Te 
Medical Equipment ¢ Medical Publications 


The American Journal of Cardiology will meet your 


d professional needs. 
TEA OA Yorke Medical Group, 249 West 17th 


Street, New York, N.Y. 10011, 212-463-6463 










CLASSIFIED ADVERTISING 
RATES FOR 1989 


"(Rates subject to change without notice) 
RATE: $85.00 per column inch plus typesetting 
charge when applicable. $10.00 extra for 
AJC box numbers. 
- SIZE: Minimum one column inch (3% x 1) 
-~ DEADLINE: 1st of month issue: 20th of second 
ae month preceding publication date. 
15th of month issue: 5th of month 
-.._. preceding publication date. 
QUARTER PAGE: $425.00 (non-commissionable) 
HALF PAGE: 1x-$1,090  6x-$1,060 
 8x-$1,080 12x-$1,025 


ized advertising agencies 










The American Journal of Cardiology makes every effort. 
to insure that classified advertisements, accepted as a 
service, are relevant to. the T 
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CARDIZEM ....: 


diltiazem HCl/Marion 


FOR THE BENEFITS OF 
ANTIANGINAL PROTECTION AND SAFETY 


BRIEF SUMMARY 


CARDIZEM® 
(diltiazem HCI) Tablets 


CONTRAINDICATIONS 

CARDIZEM is contraindicated in (1) patients with sick sinus 
syndrome except in the presence of a functioning ventricular 
pacemaker, (2) patients with second- or third-degree AV block 
except in the presence of o functioning ventricular pacemaker, 
(3) patients with hypotension (less than 90 mm Hg systolic), 
(4) patients who have demonstrated hypersensitivity to the 
drug, and (5) patients with acute myocardial infarction and 
pulmonary congestion documented by x-ray on admission 


WARNINGS 

1. Cardiac Conduction. CARDIZEM prolongs AV node refrac- 
tory periods without significantly prolonging sinus node 
recovery time, except in patients with sick sinus syndrome 
This effect may rarely resuit in abnormally slow heart rates 
(particularly in pohents with sick sinus syndrome) or sec- 
ond- or third-degree AV block (six of 1.243 patients for 
0.48%). Concomifant use of diltiazem with beta-blockers 
of digitalis may result in additive effects on cardige con- 
duction. A patient with Prinzmetal’s angina developed 
periods of asystole (2 to 5 seconds) after o single dose of 
60 mg of diltiazem 

2. Congestive Heart Failure. Although diltiazem has a neg: 
ative inotropic eftect in isolated animal tissue preparations, 
hemodynamic studies in humans with normal ventricular 
function have not shown a reduction in cardiac index nor 
consistent negative effects on contractility (dp’d!). Experi- 
ence with the use of CARDIZEM alone or in combination 
with beta-blockers in patients with impaired ventricular 
function is very limited. Caution should be exercised when 
using the drug in such patients. 

3. Hypotension. Decreases in blood pressure associated 
with CARDIZEM therapy may occasionally result in symp- 
tomatic hypotension. 

4. Acute Hepatic Injury. in rare instances, significant eleva- 
tions in enzymes such as alkaline phosphatase, LDH, 
SGOT, SGPT, and other phenomena consistent with acute 
hepatic injury have been noted. These reactions have been 
reversible upon discontinuation of drug therapy. The relo- 
tionship to CARDIZEM is uncertain in most cases, but 
probable in some. (See PRECAUTIONS. ) 


PRECAUTIONS 

General. CARDIZEM (diltiazem hydrochloride) is exten- 
sively mefabolized by the liver and excreted by the kidneys and 
in bile, As with any drug given over prolonged periods, labora- 
tory parameters should be monitored ot regutar intervals. The 
drug should be used with caution in patients with impaired 
renal or hepatic function. in subacute and chronic dog and rat 
studies designed to produce toxicity, high doses of diltiazem 
were associoted with hepatic damage. in special subacute 
hepatic studies, ora! doses of 125 mg/kg and higher in rats 
were associated with histological changes in the liver which 
were reversible when the drug was discontinued. In dogs. 
doses of 20 mg/kg were also associated with hepatic 
changes; however, these changes were reversible with contin- 
ued dosing. 

Dermatological events (see ADVERSE REACTIONS section) 
may be transient and may disappear despite continued use of 
CARDIZEM. However, skin eruptions progressing to erythema 
multiforme and/or exfoliative dermatitis have also been infre- 
quently reported. Should a dermatologic reaction persist, the 
drug should be discontinued. 





60mg 


Drug Interaction. Due to the potential for additive effects, 
caution and careful titration are warranted in patients receiving 
CARDIZEM concomitantly with any agents known to affect 
cardiac contractility and/or conduction. (See WARNINGS. > 

Pharmacologic studies indicate that there moy be additive 
effects in prolonging AV conduction when using beta-blockers 
of digitalis concomitantly with CARDIZEM (See WARNINGS. > 

As with all drugs, care should de exercised when treating 
patients with multiple medications. CARDIZEM undergoes bio- 
transformation by cytochrome P-450 mixed function oxidase. 
Coadministration of CARDIZEM with other agents which follow 
the some route of biotransformation may result in the competi- 
five inhibition of metabolism. Dosages cf similarly metabo- 
zed drugs. particularly these of tow therapeutic ratio or in 
patients with renal and/or hepatic impairment, may require 
adjustment when starting or stopping concomifantly adminis- 
tered CARDIZEM to maintain optimum therapeutic blood 
levels. 

Beta-blockers: Controlled and uncontrolled domestic stud- 
ies sugges! that concomitant use of CARDIZEM and beto- 
blockers oF digitalis is usuclly weli tolerated. Available data are 
not sufficient, however, to predict the effects of concomitant 
treatment. particularly in patients with teft ventricular dysfunc- 
tion or cardiac conduction abnormalities 

Administration of CARDIZEM (diltiazem hydrochloride) 
concomitantly with propranolol in five normal volunteers re- 
sulted in increased propranolol levels in ali subjects and bio- 
availability of propranolol was increased approximately 50% 
ff combination therapy is initiated or withdrawn in conjunction 
with propranolol, an adjustment in the propranolol dose may 
be warranted. (See WARNINGS. } 

Cimetidine: A study in six healthy volunteers has shown a 
significant increase in peak diltiazem plasma levels (58%) 
ond orea-under-the-curve (63%) after a 1-week course of 
cimetidine at 1,200 mg per day and diltiazem 60 mg per day. 
Ronitidine produced smaller, nonsignificant increases. The 
effect may be mediated by cimetidine’s known inhibition of 
hepatic cytochrome P-450, the enzyme system probably te- 
sponsible for the first-pass metabolism of dilfiazem Potients 
currently receiving diltiazem therapy should be carefully mon- 
itored for o change in phormocciogical effec! when initiating 
ond discontinuing therapy with cimetidine An adjustment in 
the diltiazem dose may be warranted 

Digitalis: Administration of CARDIZEM with digoxin in 24 
healthy male subjects increased plasma digoxin concentra- 
tions approximately 20%. Another investigator found no in- 
crease in digoxin levels in 12 patients with coronary artery 
disease. Since there have been conflicting results regarding 
the effect of digoxin levels, it is recommended that digoxin 
levels be monitored when initiating, adjusting, and discontin- 
uing CARDIZEM therapy fo avoid possible over- or under- 
digitalization. (See WARNINGS.) 

‘Anesthetics: The depression of cardiac contractility, con- 
ductivity, and automaticity as well as the vascular dilation 
associated with anesthetics may be potentiated by ccicium 
channel blockers. When used concomitantly, anesthetics and 
calcium blockers should be fifrated carefully 

Carcinogenesis, Mutagenesis, Impairment of Fertility. A 
24-month study in rats and a 21 -month study in mice showed 
no evidence of carcinogenicity. There was aiso no mutagenic 
response in in vitro bacterial tests. No intrinsic effect op fertility 
wos observed in rats. 

Pregnancy. Category C. Reproduction studies hove been 
conducted in mice, rats, and rabbits. Administration of doses 
ranging from five to ten times greater (on a mg/kg basis) than 
the daily recommended therapeutic dose has resulfed in 


420 mg 





embryo and fetal lethality. These doses. in some studies, have 
been reported to cause skeletal abnormalities. in the perinatal/ 
postnatal studies, there was some reduction in early individual 
pup weights and survival rates. There was an increased inci- 
dence of stilibirths at doses of 20 times the human dose or 
greater. 

There are no well-controlled studies in pregnant women; 
therefore, use CARDIZEM in pregnant women only if the poten- 
tiat benefit justifies the potential risk to the fetus 

Nursing Mothers. Diltiazem is excreted in human milk 
One report suggests that concentrations in breast milk may 
approximate serum levels. if use of CARDIZEM is deemed 
essential, an alternative method of infant feeding should be 
instituted 

Pediatric Use, Safety and effectiveness in children have not 
been established. 


ADVERSE REACTIONS 

Serious adverse reactions have been rare in studies carried 
aut to dote, but it should be recognized thot patients with 
impaired ventricular function and cardiac conduction abnor- 
malities have usually been excluded 

in domestic plocebo-controlled trials, the incidence of ad- 
verse reactions reported during CARDIZEM therapy was not 
greater than that reported during placebo therapy. 

The following represent occurrences observed in clinical 
studies which can be at least reasonably associated with the 
pharmacology of calcium influx inhibition. In many cases, the 
relationship to CARDIZEM has not been established. The most 
common occurrences as well as their frequency of presenta- 
tion are: edema (2.4%), headache (2.1%), nausea (1.9%), 
dizziness (1.5%), rash (1.3%), asthenia (1.2%). In addi- 
tion, the following events were reported infrequently (less than 
1%): 

Cardiovascular: Angina, arrhythmia, AV block (first de- 
gree), AV block (second or third degree -— 
see conduction warning), bradycardia, 
congestive heart failure, flushing, hypo- 
tension, paipitotions, syncope. 

Nervous System: Amnesio, depression, gait abnormality, 
hallucinations, insomnia, nervousness, 
paresthesia, personality change, somno- 
lence, tinnitus, tremor. 

Gastrointestinal: Anorexia, constipation, diarrhea, dysgeu- 
sio, dyspepsia, mild elevations of alkaline 
phosphatase, SGOT, SGPT, and LDH (see 
hepatic warnings), vomiting, weight in- 


crease 
Dermatologic:  Petechice, pruritus, photosensitivity, urti- 
coria 
Other: Amblyopia, CPK elevation, dyspnea, epi- 


stoxis, eye irritation, hyperglycemia, nasal 
congestion, nocturia, osteoarticular pain, 
polyuria, sexual difficulties. 

The following postmarketing events have been reported 
infrequently in patients receiving CARDIZEM: alopecia, gingi- 
val hyperplasia, erythema multiforme, and leukopenia. How- 
ever, a definitive couse and effect between these events and 
CARDIZEM therapy is yet to be established. 
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_ Effects of Diltiazem Alone or with Isosorbide 

- Dinitrate or with Atenolol Both Acutely and 
Chronically for Stable Angina Pectoris 

Hassan El-Tamimi, MD, Graham J. Davies, MD, Juan-Carlos Kaski, MD, Margarita Vejar, MD, Co 


Alfredo R. Galassi, MD, and Attilio Maseri, MD, with the technical assistance of 
Christine 0” Sullivan and Trudy Lowe 


To establish the contribution of combination 
therapy in stable angina, the short- and long-term 
effects of diltiazem (120 mg and 360 mg/day, re- 
spectively), and the additive effects of sublingual 
isosorbide dinitrate, 10 mg, and atenolol, 100 mg, 
were studied in 11 patients with chronic stable an- 
gina using an open-label sequential design. All pa- 
tients underwent exercise testing without therapy, 
and with each drug and their combinations. Exer- 
cise time and heart rate-blood pressure product 
were measured at 1-mm ST-segment depression, 
or at peak exercise if the test result was negative. 
Exercise time increased from a control value of 8.0 
+ 2.3 minutes (mean + standard deviation) to 11.4 
+ 2.4 minutes (p <0.0001) after the administration 
of isosorbide dinitrate, to 11.3 + 1.8 minutes (p 
<0.001) after short-term diltiazem and to 12.4 + 
1.5 minutes (p <0.001) after long-term diltiazem. 
The rate-pressure product increased from a control 
value of 19,070 + 3,564 to 24,431 + 4,795 beats/ 
min X mm Hg (p <0.0001) after isosorbide dini- 
trate, to 22,287 + 4,753 beats/min x mm Hg (p 
<0.01) after short-term diltiazem and to 21,812 + 
3,976 beats/min x mm Hg (p <0.007) after long- 
term diltiazem. The addition of atenolol to long- 
term diltiazem significantly reduced the rate-pres- 
sure product compared with long-term diltiazem 
alone (21,812 + 3,976 vs 13,926 + 2,880 beats/ 
min X mm Hg, p <0.002), although there was no 
further significant increase in exercise time (12.4 + 
1.5 vs 13.3 + 1.6 minutes). There was no signifi- 
cant change in exercise response after the addition- 
al administration of isosorbide dinitrate to long- 
term diltiazem with atenolol. The weekly angina 
frequency was reduced from a mean of 30 + 17 
episodes/wk without therapy to 6 + 5 with long- 
term diltiazem (p <0.001) and to 5 + 4 with long- 
term diltiazem combined with atenolol (difference 
not significant vs long-term diltiazem therapy). 

it was concluded that (1) short-term diltiazem 


therapy increases the ischemic threshold by an ex- 


tent similar to that of short-term nitrate adminis- 


_ tration; (2) long-term diltiazem therapy improves 


exercise time by a combination of increased myo- 


cardial oxygen supply and reduced demand; and G 
the addition of atenolol does not additionally _ co ; 
improve exercise time. 

(Am J Cardiol 1989;64:717 


n chronic stable angina, excessive increase of myoca 

[e oxygen consumption is the major cause o 
ischemic episodes. However, the ischemic thr 

during ordinary daily life appears to be quite vari: 

most patients, because of fluctuations in coronar 

reserve related to changes in vasomotor tone at.the 

of coronary stenoses.! Thus, a drug that would lin 

these fluctuations in coronary tone and reduce m 

dial oxygen demand would be desirable. Diltiaze: 

both these effects, as it decreases coronary vasom 

tone? and reduces heart rate.4 We have therefore inves- 

tigated the use of diltiazem as a short- and long-term — 


single agent to prevent myocardial ischemia in patients __ 
with chronic stable angina. We also have investigated __ 
the further coronary vasodilatation obtained with the — 
addition of short-term nitrate therapy and the further 


reduction of myocardial demand with the addition of 8 
blockers. 


METHODS 


Patients: Fourteen patients were enrolled, but diiy ce | 


11 completed the study (10 men and 1 woman), ages 39 - 
to 74 years (mean 57), who had stable exertional angina 
of 44 + 29 months duration (Table I). The other 3- pa- 
tients withdrew at an early stage of the study because of 
an unacceptable increase in the frequency of the anginal 
attacks during the off-therapy period (2 patients), and 
for personal reasons (1 patient). These 3 patients were 
not included in the data analysis. All patients had posi- 
tive exercise test results for myocardial ischemia (21-. 
mm horizontal or downsloping ST-segment depression, 
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< A TABLET Clinical Characteristics 





Percent Angiographic 


Duration Healed Coronary Narrowing 
Age of Angina Myocardial 
Pt — (yrs), Sex (mos) infarction Right LAD LC 





1 k 22 + (anterior) 90 -— — 
2 44M 84 + (inferior) 70 — 95 
3 50, 72 (6) — 80 — 
4 56, 17 0 == 70 = 
5 56 18 0 70 50 — 
6 57, 84 0 50 70 === 
7 5 0 — 90 50 


M 
F 
M 
M 
M 36 
M 
M 
M 
M 


8 63, 19 0 — 95 —_ 

9 64, 60 ie) — 90 95 
10 65, 6 + (anterior) 50 _ 70 
ll 74, 60 0 70 95 — 
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measured 60 ms after the J point) and documented cor- 
onary artery disease (270% reduction in luminal diam- 
eter of at least 1 major coronary artery). Coronary an- 
giography showed significant l-artery narrowing in 4 
patients, 2-artery narrowing in 6 patients and 3-artery 
narrowing in 1 patient. There had been no change in the 
frequency, duration or severity of angina in the 3 
“months before the study. Three patients had a Q-wave 
- myocardial infarction before (26 months) the study. 
All patients had normal left ventricular function on an- 
giography and their ejection fraction was within the 
‘normal range (55 to 69%). All patients were normoten- 
sive, in sinus rhythm and without evidence of heart fail- 
ure, cardiomyopathy or valvular heart disease. No pa- 
tient had evidence of left ventricular hypertrophy or 
conduction defects on the electrocardiogram, which 
could have interfered with the interpretation of ST-seg- 
ment changes, and no patient was taking digitalis. 
Study protocol: The protocol was approved by the 
- Hammersmith Hospital Research Ethics Committee, 
and all patients gave full informed consent for the 
study. All patients had previously undergone at least 2 
diagnostic treadmill exercise tests. All antianginal ther- 
apy was discontinued 3 to 5 days before the study, but 
patients were free to use sublingual nitroglycerin as re- 
quired; no exercise was performed within 2 hours of the 
last sublingual nitroglycerin. Patients entered into an 
18-day open study. They were exercised without any 
therapy and also while receiving different combinations 
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olol and sublingual isosorbide dinitrate. The study pro- 
tocol (Figure 1) was as follows: 

pay 1: An exercise test with no therapy (control 1) 
was performed. After 1 hour of rest, it was repeated 
immediately after the administration of 10 mg of sub- 
lingual isosorbide dinitrate. 

DAY 2: An exercise test was carried out without thera- 
py (control 2), and repeated 1 hour after the adminis- 
tration of 1 oral dose of 120 mg of diltiazem. Patients 
were then instructed to take 120 mg of diltiazem every 
8 hours for the next 7 days, on an outpatient basis. 

pay 7: An exercise test was performed 2 hours after 
the last dose of diltiazem. After 1 hour of rest, the exer- 
cise was repeated immediately after the administration 
of 10 mg of sublingual isosorbide dinitrate. 

DAY 8: Patients were exercised 2 hours after the last 
dose of diltiazem. The exercise was repeated 1 hour af- 
ter the administration of 1 oral dose of atenolol, 100 
mg. Patients were then instructed to take 120 mg of 
diltiazem every 8 hours and 100 mg of atenolol daily for 
7 days. 

pay 15: An exercise test was performed 2 hours after 
the last dose of diltiazem and atenolol. After 1 hour of 
rest, the exercise test was repeated immediately after 
the administration of 10 mg of sublingual isosorbide 
dinitrate. Patients were then asked to stop all therapy 
for the next 3 days. 

pay 18: An exercise test was performed without any 
therapy (control 3). After 1 hour of rest, the exercise 
was repeated immediately after the administration of 10 
mg of sublingual isosorbide dinitrate. 

Patients kept angina diaries throughout the trial pe- 
riod, and were asked to record the number of anginal 
attacks and their nitroglycerin consumption. 

Exercise testing: Effort tolerance was assessed by a 
modified Bruce protocol on a computerized treadmill 
system (Compustress Inc.). Twelve-lead electrocardio- 
gram and systolic blood pressure (cuff sphygmomanom- 
eter) were obtained at rest, at the end of each stage 
during exercise and at 3 and 6 minutes during recovery. 
Three electrocardiographic leads were monitored con- 
tinuously before, during exercise and for 6 minutes of 
recovery. All exercise tests were performed at the same 
time of day for each patient. The exercise test was 
stopped in the event of chest pain of moderate severity, 
ST-segment depression 22 mm or inability to exercise 
further. For all exercise tests the rate-pressure product 
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was calculated at 1-mm ST-segment depression, or at 
peak exercise when the exercise test result was negative 
and its value was considered to represent the ischemic 
threshold. 

Measurement of respiratory gas exchange: Respi- 
ratory gas exchange measurements were made using 
computerized mass spectrometer analysis of mixed ex- 
pired air during all exercise tests. Oxygen consumption, 
carbon dioxide production and minute ventilation were 
determined by the method of Davies and Dennison.‘ 
The computer s:mpled mixed expired gas every second 
and averaged for 30 seconds. 

Data analysis: For the analysis of the results, the 
onset of myocardial ischemia was considered to be at 1- 
mm ST-segment depression. The lead showing the 
greatest ST-segment depression was selected for analy- 
sis. For all exercise tests, heart rate, systolic blood pres- 
sure, rate-pressure product and oxygen consumption 
were calculated at rest, at 1-mm ST-segment depression 
and, if the exercise test result was negative, at peak ex- 
ercise. The reason for stopping the test was noted. The 
statistical analysis was performed by Student £ test for 
paired data and analysis of variance. A value of p <0.05 
was considered statistically significant. Data are pre- 
sented as mean + 1 standard deviation. 


RESULTS 

Control exercise tests: During the off-therapy peri- 
od, the exercise test results in all patients were positive 
for myocardial ischemia (controls 1, 2 and 3). The exer- 
cise was stopped due to severe chest pain in 6 patients in 
control 1, 6 patients in control 2 and 5 patients in con- 
trol 3. The other patients were stopped due to ST de- 
pression 22 mm. The exercise time to 1-mm ST-seg- 
ment depression increased from 8.0 + 2.3 minutes on 
control 1 to 8.7 + 2.3 minutes on control 2 (difference 
not significant), and to 10.1 + 2.1 minutes on control 3 
(p <0.001 vs control 1 or control 2). However, oxygen 
consumption at 1-mm ST-depression showed no signifi- 
cant difference in the 3 control tests (18.0 + 3.3, 17.4 + 
2.0 and 19.2 + 4.0 ml/min in controls 1, 2 and 3, re- 
spectively). Also, the rate-pressure product at I-mm 
ST-segment depression showed no significant difference 
in the 3 control tests (19,070 + 3,564, 18,654 + 2,782 
and 19,172 + 3,094 beats/min X mm Hg in controls 1, 
2 and 3, respectively (Figure 2). The average number of 
angina attacks recorded during the run-in period (with- 
out therapy) was 30 + 18 attacks/wk, and the nitro- 
glycerin consumption was 18 + 11 tablets/wk (Figure 
3). 

Effect of short-term nitrates: After the administra- 
tion of 10 mg of sublingual isosorbide dinitrate, the ex- 
ercise test result was negative and the exercise was 
stopped due to fatigue in 2 patients. Of 9 patients who 
had positive test results, 4 were stopped with chest pain, 
2 due to fatigue and the remaining 3 due to ST depres- 
sion >2 mm. The exercise time to 1-mm ST-depression 
. increased from 8.0 + 2.3 minutes on control 1 to 11.4 + 
|. 2.4 minutes (p <0.0001), and oxygen consumption in- 
creased from 18. 0 + 3.3 to 21 At 3. 9 ml/min te: 


ence not significant) after nitrates. This was associated ; 
with an increase in the rate-pressure product at 1l-mm 
ST-segment depression from 19,070 + 3,564 to:24,431 
+ 4,795 beats/min X mm Hg (p <0.0001). The effects 
of isosorbide dinitrate were similar at the end of the 


study period (day 18). The exercise time to |-mm ST 


depression increased from 10.1 + 2.1 to 12.9 + 1.3 min- 
utes (p <0.001), oxygen consumption increased from 
19.2 + 4.0 to 21.8 + 3.0 ml/min (difference not signifi- 
cant) and the rate-pressure product at 1-mm ST depres- 
sion increased from 19,172 + 3,094 to 24,783 + 2,752. 
(beats/min X mm Hg) (p <0,0001) (Table II). : 

Effect of short-term diltiazem: After the administra- _ 
tion of 120 mg of diltiazem, the exercise test result was _ 
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FIGURE 2. Exercise tolerance data. Short-term isosorbide 
dinitrate (ISDN) and short-term diltiazem (aD) increased the : 
rate-pressure product and exercise time at 1-mm ST-segment. . 
depression, and respectively rendered 2 and 4 test results 

negative. Long-term diltiazem (cD) increased exercise time 

further at a high rate-pressure product and 7 test results be- 
came negative. The addition of isosorbide dinitrate rendered 
only 1 more test result negative. The combination of short- 
term atenolol and long-term diltiazem produced a large reduc- 
ah ae CAL ec ac Z 
ative, with a further small increment in exercise time. ro 
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Heart rate (beats /min) 





- Basal 79 £13 96417 
1-mm STj 120418 149 + 23 
Peak 141418 156 + 23 

Systolic blood pressure (mm Hg) 

Basal 131418 118415 
l-mm ST} 159415 164+ 21 
Peak 177415 170 + 22 

Rate pressure product (beats/min X mm Hg) 

Basal 10,357 + 1,919 11,277 + 2,602 
l-mm ST} 19,070 + 3,564 24,431 + 4,795 
Peak 25,170 + 4,489 26,304 4 5,063 

. Exercise time (min) 
l-emm ST} 8.0 4 2.3 114424 
Peak 10.1 4 2.2 124422 

Oxygen consumption (VO2 X ml/min) 

$ Basal 5.6417 5.3413 
l-mm ST} 18.0 + 3.3 214439 
Peak 19.8 + 4.0 22.1 44.1 
Pos tests ll 9 





N2 = isosorbide dinitrate 2; Pos = positive. 





- negative and the exercise was stopped due to fatigue in 
`- 4 patients. Of 7 patients who had positive test results, 3 
stopped due to chest pain, 1 due to fatigue and the re- 
_ maining 3 due to ST depression >2 mm. The exercise 

time to l-mm ST depression increased from 8.7 + 
2.3 minutes on control 2 to 11.3 + 1.8 minutes (p 
<0.0001), and oxygen consumption increased from 17.4 
+ 2.0 to 19.5 + 2.3 ml/min (difference not significant). 
< These increments also were associated with an increase 
in the rate-pressure product at 1-mm ST depression 
-from 18,654 + 2,782 to 22,287 + 4,753 beats/min X 
< mm Hg (p <0.01) (Figure 2). 
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c2 aD cD 
80415 80+8 76+ 11 
122+ 16 134+ 18 126 + 17 
132415 144+ 28 131415 
128418 118414 133415 
153414 167 + 21 173419 
170 + 20 173 + 21 177419 
10,148 + 2,013 9,385 + 1,388 10,037 + 1,551 
18,654 + 2,782 22,287 + 4,753 21,812 + 3,976 
23,663 + 4,944 24,736 + 5,965 23,088 + 3,231 
8.7 + 2.3 113418 12441.5 
10.1 + 2.2 11.9413 13.04 1.1 
5.6413 5.84 1.2 6.2421 
174+2.0 19.5 + 2.3 20.8 + 2.7 
19.5429 20.1 + 2.0 21.8 3.2 
11 7 4 





A= short-term atenolol aD = short-term diltiazem; cA = long-term atenolol; cD = long-term diltiazem; C1 = control 1; C2 = control 2; C3 = control 3; Ni = isosorbide dinitrate 1; 





Effect of long-term diltiazem: At the end of the ad- 
ministration period of long-term diltiazem, the exercise 
test result was negative and the exercise was stopped 
due to fatigue in 7 patients. Four patients had positive 
test results. One stopped due to chest pain, 2 due to 
fatigue and 1 due to ST-segment depression >2 mm. 
Exercise time to 1-mm ST depression increased from 
8.7 + 2.3 to 12.4 + 1.5 minutes (p <0.0001) when com- 
pared with control 2, and oxygen consumption increased 
from 17.4 + 2.0 to 20.8 + 2.7 ml/min (difference not 
significant). This was associated with an increase in the 
rate-pressure product at l-mm ST depression from 
18,654 + 2,782 to 21,812 + 3,976 beats/min X mm Hg 
(p <0.007). The effect of long-term diltiazem was simi- 
lar when the exercise was repeated on the following day 
(day 8). The exercise time to 1-mm ST depression in- 
creased from 8.7 + 2.3 to 12.9 + 1.5 minutes (p 
<0.0001), oxygen consumption increased from 17.4 + 
2.0 to 21.4 + 3.1 ml/min (difference not significant) 
and the rate-pressure product at 1-mm ST depression 
increased from 18,654 + 2,782 to 21,297 + 5,209 (p 
<0.01) (Figure 2). The average number of angina at- 
tacks during this period was reduced from 30 + 18 at- 
tacks/wk (without therapy) to 6 + 6 attacks/wk (p 
<0.001), and the nitroglycerin consumption decreased 
from 18 + 11 to 3 + 4 tablets/wk (p <0.01) (Figure 3). 

Effect of short-term nitrate added to long-term dil- 
tiazem: Eight exercise test results were negative with 
the addition of 10 mg of sublingual isosorbide dinitrate 
to long-term diltiazem, and all patients stopped due to 
fatigue. Three patients had a positive test result. One 
stopped with chest pain and the remaining 2 stopped 
due to ST depression >2 mm. The exercise time to 1- 
mm ST depression increased from 12.4 + 1.5 to.13.1 + 
1.4 minutes (difference not significant), and oxygen 


consum tion inereasod from: 20. 8 + 2.7 to 22.1 + 2.6 
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91413 75411 6348 56 +8 66 +12 81415 1044 16 
137 +17 1244 16 — 96 +12 102 + 15 123+ 18 1484.16 
140 + 16 128415 105414 100 + 16 103 + 16 134+ 16 149418 
108 + 11 124417 115414 104 + 13 100 +9 129 + 13 115415 
172429 170 + 25 — 139419 144418 156411 173414 
175 + 29 173 + 24 155 + 24 140418 144418 177 + 16 175 + 13 

9,832 + 1,766 9,343 + 1,968 7,208 + 1,151 6,144 + 1,405 6,630 + 1,369 10,469 + 2,062 11,924 + 1,998 
24,023 + 4,225 21,297 + 5,209 — 13,296 + 2,880 14,676 + 2,837 19,172 + 3,094 24,783 + 2,752 : . 
25,004 + 3,725 22,242 + 4,871 16,223 + 4,588 13,298 + 2,826 14,867 + 2,828 23,701 + 3,427 26,165 + 3,641 

13.1414 12.9415 — 13.3 1.6 14.0 1.4 10.1 + 2.1 12.94 1.3 
13.44 1.2 13.44 1.2 13.7411 13.6 + 1.3 14.141.2 12.0 41.6 13.5 1.1 

5.51.8 541.7 4613 5.8419 4941.3 5.4414 6.1424 — 
22.1 +26 21.4431 — 20.5 + 2.8 20.3 + 3.0 19.2 £+ 4.0 21.8 3.0 
22.7428 21.9428 19.345.5 20.97 + 3.4 20.2441 19.4 + 4.2 22.1 +29 
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product at 1-mm ST depression increased from 21,812 
+ 3,976 to 24,023 + 4,225 beats/min X mm Hg (p 
<0.01) (Figure 2). 

Effect of short-term atenolol added to long-term dil- 
tiazem: All exercise test results were negative when 
short-term atenolol, 100 mg, was added to long-term 
diltiazem, and all patients stopped due to fatigue. The 
exercise time to 1-mm ST depression or peak increased 
from 12.9 + 1.5 to 13.7 + 1.1 minutes (difference not 
significant), oxygen consumption decreased from 21.4 
+ 3.1 to 19.3 + 5.5 ml/min (difference not significant) 
and the rate-pressure product decreased from 21,297 + 
5,209 to 16,223 + 4,588 beats/min X mm Hg (p 
<0.002) (Figure 2). 

Effect of combined long-term atenolol and long- 
term diltiazem therapy: The exercise test results were 
negative in 9 patients and positive in 2. All patients 
stopped due to fatigue. The exercise time to 1-mm ST 
depression with this drug combination was not signifi- 
cantly different when compared with the effect of long- 
term diltiazem and short-term atenolol (13.7 + 1.1 to 
13.3 + 1.6 minutes, difference not significant). The dif- 
ference in oxygen consumption (19.3 + 5.5 to 20.5 + 
2.8 ml/min) and a further reduction in the rate-pres- 
sure product (16,223 + 4,588 to 13,296 + 2,880 beats/ 
min X mm Hg) also were not significant (Figure 2). 
The average number of angina attacks during this peri- 
od was reduced from 6 + 6 attacks/wk during long- 
term diltiazem to 4 + 7 attacks/wk, and the nitroglyc- 
erin consumption decreased from 3 + 4 to 1 + 3 tab- 
lets/wk (difference not significant for both) (Figure 3). 

There was no significant further change in exercise 
response after the short-term administration of 10 mg 
of sublingual isosorbide dinitrate in addition to the long- 
_- -term therapy with diltiazem and atenolol: 13.3 + 1.6 to 
| 14.0 + 1.4 minutes (difference not significant), 20.5 + 

& to 20. 2 +3 0 elena (oilterenes 1 not signi 
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and 13,296 + 2,880 to 14,676 + 2,837 beats/min X 
mm Hg (p <0.03) for exercise time, oxygen consum 
tion and rate-pressure product, respectively (Figure i 

Effect of nitrates, diltiazem and atenolol on heart 
rate and blood pressure: The administration of short- 
term nitrates resulted in an increase in the heart rate ät 
rest by 17 + 10 beats/min (p <0.001) when compared 
with control 1, and by 23 + 9 beats/min (p <0.001) 
when compared with control 3. The systolic blood pres- 
sure at rest decreased by 14 + 14 mm Hg (p <0.01) 
and 14 + 16 mm Hg (p <0.01) when compared with 
control 1 and control 3, respectively (Figure 4). S 

Short-term diltiazem administration did not result in 
a significant effect on the heart rate at rest when com- 
pared with control 2 (1 + 9 beats/min decrease, differ- 
ence not significant). The systolic blood pressure at rest 
decreased by 10 + 7 mm Hg (p <0.05) (Figure 4) 
Long-term diltiazem therapy did not result in signifi- 
cant effects on heart rate or systolic blood pressure at 
rest. ; 

The addition of long-term atenolol to long-term dilti- 
azem resulted in an impressive reduction in the heart 
rate at rest by 24 + 13 beats/min (p <0.001) when 
compared with control 2. This was accompanied by a 
reduction in the systolic blood pressure at rest by 24 + 
15 mm Hg (p <0.001) (Figure 4). 

The behavior of the heart rate measured minute by 
minute during the exercise is shown in Figure 4, which 
demonstrates that short-term nitrates resulted in a high- 
er heart rate throughout the exercise period when com- 
pared with control values, short- and long-term diltia- 
zem and the long-term combination of atenolol and dil- 
tiazem. Short-term diltiazem resulted in a lower hea 
rate throughout exercise compared with control a 
short-term nitrate values, but higher than long-term d 
tiazem and the combination of long-term diltiazen 
atenolol. ) x 
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FIGURE 4. Behavior of heart rate (A) and blood pressure (B) 
in basal conditions and during the exercise test, without thera- 
py and during therapy with various drugs. The values used 
were the average values of the 3 control tests (C1, C2, C3), 
the average of the 2 tests with isosorbide dinitrate (N1, N2) 
and the average 2 tests with long-term diltiazem. A, behavior 
-of heart rate, basal and minute by minute. For each level of 
exercise, the heart rate was lower with long-term diltiazem 
than with isosorbide dinitrate or short-term diltiazem. The ad- 
dition of atenolol to diltiazem produced a larger reduction. B, 
behavior of systolic blood pressure, basal and every 3 minutes 
during exercise, without therapy and with various drugs. For 
Sach bree of sare Ihe systolic Mond pressure was bowor .… 
>: with isosorbide dinitrate than with short- or long-term diltia- 
zem Tle nee atenolol 1o Aiaren produced a largor 















rate at any stage of the test compared with that prò- o 

















duced by short-term nitrates and short-term diltiazem. 
The addition of atenolol to diltiazem resulted in a much 
lower heart rate throughout exercise when compared 
with all the aforementioned drugs. 


DISCUSSION 

This study was designed to assess the effects of 
the short- and long-term administration of antianginal 
drugs with different mechanisms of action. All patients 
had severe angina, as indicated by the large number of 
anginal attacks they experienced during the study peri- 
od and by the low exercise tolerance. A training effect 
of repeated exercise testing was however shown by the 
increase in the time to 1-mm ST-segment depression in 
the 3 control tests. The ischemic threshold remained 
stable throughout the 18 days of the study, as indicated 
by the persistent positivity of the control exercise tests, 
and the reproducibility of the rate-pressure product and 
total body oxygen consumption at 1-mm ST-segment 
depression in all patients. This was in agreement with 
other observations.® 

Even in patients with such severe disease, intensive 
medical treatment was remarkably successful in pre- 
venting myocardial ischemia. Regarding the combina- 
tion of long-term diltiazem and short-term atenolol, the 
exercise test results were negative in all patients and the 
exercise was stopped because of fatigue. With long-term 
diltiazem as single therapy, the anginal attacks and ni- 
troglycerin consumption decreased by >80%. When 
atenolol was added, both the number of anginal attacks 
and the nitroglycerin consumption decreased even fur- 
ther. These beneficial effects are comparable with those 
observed in previous studies.’-? 
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FIGURE 5. Changes in exercise time to ischemia in response 
to short-term isosorbide dinitrate (ISDN) and short-term. 
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“Mechanisms of action: As isometric and dynamic 
exercise, as well as 8 blockers, increase the vasomotor 
tone of epicardial coronary arteries,!®!! both nitrates 
and calcium antagonists can be expected to have a ben- 
eficial effect on the ischemic threshold when given alone 
or in combination with 8 blockers.!2-!5 In our study, the 
role of coronary tone, although evident, was not dramat- 
ic, The results obtained indicate that in this group of 
patients a reduction of vasomotor tone at the site of crit- 
ical coronary stenoses played a less important role than 
the reduction of myocardial demand in rendering the 
exercise test result negative. This is suggested by the 
lower number of negative test results with short-term 
nitrates and short-term diltiazem (2 and 4, respectively) 
than with long-term diltiazem (6) and long-term diltia- 
zem associated with both short- and long-term atenolol 
(11 and 9, respectively). The addition of short-term ni- 
trates to long-term diltiazem alone and to the combina- 
tion of diltiazem and long-term atenolol rendered only 1 
additional test result negative. 

The short-term administration of isosorbide dinitrate 
resulted in a significant increase of the ischemic thresh- 
old, both in terms of time and rate-pressure product to 
1-mm ST-segment depression at each level of exercise. 
This resulted from the beneficial effect of increased cor- 
onary flow reserve and reduction of left ventricular vol- 
ume and afterload,'®!9 and despite the detrimental ef- 
fect of increased heart rate and decrease of coronary 
perfusion pressure at each level of exercise (Figure 4). 
The magnitude of the improvement in ischemic thresh- 
old with isosorbide dinitrate was variable, but in individ- 
ual patients it was similar to that observed after short- 
term diltiazem administration (Figure 5), which did not 
reduce ventricular volume and resulted in lesser change 
in heart rate and blood pressure. This similarity of ef- 
fect of both drugs when administered short-term sug- 
gests that the dynamic component of stenoses was vari- 
able in different patients and relieved to a similar extent 
by the drugs. 

Regarding long-term diltiazem, we documented an 
increase of the rate-pressure product at 1-mm ST-seg- 
ment depression that indicated an increase in coronary 
flow reserve and a further increase of exercise tolerance. 
The beneficial effect of diltiazem was probably also re- 
lated to the lower heart rate at any given workload ob- 
served with short- and long-term dosing. It is interesting 
to note that the addition of sublingual isosorbide dini- 
trate failed to render the test results negative in 2 pa- 
tients whose findings were still positive with long-term 
diltiazem and atenolol. 

The incremental benefit of diltiazem has been shown 
to be dose-related, from 60 to 360 mg.!5202! The addi- 
tion of a 8 blocker to a maximally tolerated dose of 
diltiazem was beneficial in some studies,® but not in oth- 
ers.22 Adding a high dose of diltiazem to a maximally 
tolerated dose of 8 blockers and nitrates has been shown 
- to produce further benefit.'4 The hemodynamic effects 
_ of short-term diltiazem have been shown to differ within 
-a group of patients,” and the data on the rate-pressure 
; product during exercise with diltiazem also are conflict- 


ing.”425 One likely explanation for these conflicting re- 
sults could be the variability in the characteristics of the 
patients included in different studies. Monotherapy with 
diltiazem may be sufficient in patients with a moderate: 
ischemic threshold and with dynamic stenosis, whereas 
double or triple therapy may show further benefit in 
patients with a low ischemic threshold. 
We chose a stepped-care approach in our study. to a 
assess the effect of each drug alone and in combination | 
in the same patients, and their reproducibility. We — 
found that the effects of short-term diltiazem were com- 
parable with those of short-term nitrates. We also ob- 
served that long-term dosing with 360 mg of diltiazem. 
was more effective on exercise tolerance than short- 
term administration of 120 mg, and that short-term ni- 
trates produced further effect when added to long-term 
diltiazem. The addition of atenolol acutely or chronical- 


ly improved ischemia in some patients, but at the ex- =. 


pense of more fatigue. The addition of acute nitrates to 
diltiazem and atenolol failed to produce any further. 
benefit. Patients in whom the exercise test became neg- 
ative were not able to substantially increase their exer- 
cise duration. 
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Effect of a Modified, Well-Tolerated Niacin 

Regimen on Serum Total Cholesterol, High 
Density Lipoprotein Cholesterol and the 
Cholesterol to High Density Lipoprotein Ratio | 


James D. Alderman, MD, Richard C. Pasternak, MD, Frank M. Sacks, MD, 
Harton S. Smith, MD, E. Scott Monrad, MD, and William Grossman, MD 


One hundred one patients with coronary artery 
disease and pretreatment ratios of total 
cholesterol to high density lipoprotein (HDL) 
cholesterol >4.0 were treated with niacin, 
commencing at low dosages (100 to 250 mg twice 
daily) and gradually increasing the dosage over 4 to 
8.weeks to 1,000 mg twice daily. Dosage adjust- 
ments were made to minimize side effects. At a 
mean follow-up duration of 11 + 7 months, and a 
mean dosage of 1,415 + 698 mg/day, the group 
had a 13% reduction in total cholesterol, 31% in- 
crease in HDL and 32% decrease in the cholesterol 
to HDL ratio. A subgroup of 62 patients taking 
>1,000 mg/day of niacin had an 18% reduction in 
total cholesterol, 32% increase in HDL and 36% 
improvement in the cholesterol to HDL ratio. A sub- 
group of 39 patients taking <1,000 mg/day of nia- 
cin had only a 5% reduction in total cholesterol, al- 
though a 29% increase in HDL and a 24% de- 
crease in the cholesterol to HDL ratio were 
recorded. Side effects of niacin were reported in 
38% of the patients, but led to discontinuation of 
therapy in only 4. Niacin can be administered in a 
fashion that is well tolerated, inexpensive and very 
effective in improving the cholesterol to HDL ratio. 
(Am J Cardiol 1989;64:725-729) 
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umerous large-scale population studies have iden- 
Nis a clear correlation between total serum 

cholesterol and the incidence of coronary artery. 
disease.!- The incidence of myocardial infarction and 
the mortality rate from coronary artery disease have ex- 
hibited a curvilinear relation with total cholesterol! and, 
more specifically, with low density lipoprotein (LDL) - 
levels.” High density lipoprotein (HDL) levels are in- 
versely proportional to coronary artery disease risk, in 
dependent of LDL levels,®-!! and the ratio of cholesterol. 
to HDL has been found to be highly predictive for coro- 
nary artery disease. !012-14 

The Lipid Research Clinics Trial!?!> and the Hel 

sinki Heart Study!> have associated a significant 
crease in coronary artery disease events to treatment. 
related improvement in LDL, HDL and HDL to tota 
cholesterol and HDL/LDL ratios. The National Heart 
Lung, and Blood Institute Type II Coronary Interven 
tion Study!® demonstrated by way of angiographic as- 
sessment that cholestyramine therapy led to delayed 
progression of coronary artery disease. Changes in 
HDL to total cholesterol and HDL/LDL ratios were. 
the best predictors of coronary artery disease changi 
The Leiden Intervention Trial!4 used dietary interven 
tion alone to decrease both total cholesterol and choles- 
terol to HDL ratio by 10%, and found a significant 
slowing of angiographic coronary artery disease pro- 
gression. Blankenhorn et al!” showed that the reduction. 
of total cholesterol and LDL, and the increase in HDL 
associated with a regimen of colestipol and niacin led to 
a significant reduction in the progression of new ather- 
omatous disease in patients who had undergone coro- 
nary artery bypass graft surgery. 


Niacin was used as a cholesterol-lowering agent in _ 


the Coronary Drug Project conducted between 1966 | 
and 1975.'8 A 10% reduction in total cholesterol was 
reported in association with a decline in the incidence of | 
nonfatal myocardial infarction. In a follow-up study,!? 
reported in 1985, the long-term mortality rate for pa- 
tients treated initially with niacin was 11% lower than 
for the placebo group (p = 0.002), even though in most 
patients the treatment had been discontinued many — 
years earlier, The investigators postulated that either 
the reduced incidence of myocardial infarction. ult 
mately led to decreased mortality or niacin’s effects 0 
lipids led to slowing of progression of coronary aney 
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All values are expressed as mean + standard deviation. 
$ B <0.0001; t p <0.05. 
HDL = high density lipoprotein cholesterol; TC = total cholesterol. 
















Cholestyramine and niacin have each been associ- 
ated with a high incidence of benign but unpleasant side 
effects. Gemfibrozil is better tolerated, but has only a 
minimal effect on total cholesterol and LDL cholesterol 

in most patients. Lovastatin has fewer side effects, but 

there is little long-term data on efficacy and adverse 

“reactions. Furthermore, the costs of cholestyramine, 

gemfibrozil and lovastatin therapies are quite high. Al- 

-< though niacin is inexpensive and much is known about 
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Nacin therapy in the entire group, the high dosage (> 1,000 
day) group and the low dosage (<1,000 mg/day) group. 
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“TABLE! Values for Total Cholesterol, High Density Lipoprotein and Cholesterol to High Density Lipoprotein Ratio in Response to 


All Patients 

(n= 101) 
Age (yrs) 5849 
Dosage (mg/day) 1,415 + 698 
Duration of therapy (mos) 1147 
Initial total cholesterol (mg/dl) 246 + 52 
Follow-up total cholesterol (mg/dl) 213 + 51 
Percent change in TC ~13%* 
Initial HDL (mg/dl) 36410 
Follow-up HDL (mg/dl) 47 +16 
Percent change in HDL +31%* 
Initial cholesterol to HDL ratio 7141.9 
Follow-up cholesterol to HDL ratio 4841.6 
Percent change in cholesterol to HDL ratio —32%* 

















High Dosage Group Low Dosage Group 
(> 1,000 mg/day) (31,000 mg/day) 
{n = 62) (n = 39) 
ee ; 
57+10 5949 
1,863 + 461 703 + 307 
1127 1147 
246 + 46 241 +57 
202 + 48 228 + 51 
—18%* -5% 
37410 34 +12 
49414 44418 
+32%* +29%* 
69419 7A419 
44413 5.6417 


—36%* ~24%* 








its clinical efficacy, its therapeutic advantages have 
been limited by poor patient tolerance of its side effects. 
We therefore worked to more completely utilize those 
clinical strategies aimed at improving patients’ tolerance 
for niacin. In this uncontrolled clinical study we as- 
sessed the acceptability and efficacy of a simplified and 
inexpensive niacin regimen, and prospectively followed 
the levels of total cholesterol and HDL in a group of 
patients with coronary artery disease treated with this 
regimen. 


METHODS 

The study group comprised 101 patients, 86 men 
and 15 women, ranging in age from 36 to 73 years 
(mean + standard deviation 58 + 9), all with clinically 
documented coronary artery disease (angiographically 
documented in 60). Forty-eight patients had previous 
myocardial infarctions. The study group included all 
our patients receiving niacin to decrease serum choles- 
terol. Only patients with liver disease, peptic ulcer dis- 
ease or poorly controlled diabetes were excluded. Base- 
line pretreatment total cholesterol and HDL levels 
(nonfasting) were obtained on at least 2 separate occa- 
sions; averaged baseline values served as controls. In the 
rare event of considerable disparity between the 2 base- 
line values, a third set was obtained and the 2 closest 
values were then averaged. Triglycerides and LDL were 
not routinely measured. A cholesterol to HDL ratio 
>4.0 was required for treatment with niacin. 

Depending on the time of patient’s entry into the 
study, therapy was initiated at either 100 mg of stan- 
dard niacin (Squibb) or 250 mg of sustained-release 
niacin (Bronson Pharmaceuticals) orally twice daily and 
gradually increased as tolerated over 4 to 8 weeks to 1 g 
twice daily. The schedule of increase attempted for the 
Squibb niacin was 100 mg twice daily for 3 days, 200 
mg twice daily for 3 days, 300 mg twice daily for 3 
days, 500 mg twice daily for 1 week and 1,000 mg twice 
daily thereafter. For the Bronson. sustained-release nia- _ 
cin, the attempted schedule of increase was 250 mg 





twice daily for 3 to 7 days, 500 mg twice daily for 3 to 7 
days, 750 mg twice daily for 3 to 7 days and 1,000 mg 
twice daily thereafter. In 4 instances, patients received 
even higher dosages (maximal dosage 2 g twice daily). 
Follow-up total cholesterol and HDL levels (nonfasting) 
were obtained at 6 weeks and then every 3 to 6 months. 
Blood chemistry tests (including liver enzymes) were 
performed at baseline and monitored periodically there- 
after. 

Patients were told about potential side effects (e.g., 
flushing, tingling, itching, rash, nausea, flatulence, dys- 
pepsia, diarrhea), and instructed to report any side ef- 
fects. Niacin was administered after meals. If cutaneous 
side effects occurred, 1 to 2 aspirin tablets daily were 
added. Persistence of side effects was managed with a 
switch from standard to sustained-release niacin or dos- 
age reduction. At each return visit all patients were 
asked standardized questions regarding side effects. 

Patients had been advised previously to follow a low 
cholesterol, low fat diet as prescribed by the American 
Heart Association,” and were following this diet when 
baseline blood lipid determinations were made. No ad- 
ditional dietary modifications were made after niacin 
was added. Adherence to the diet was reinforced at 
each return visit. 

Serum cholesterol and HDL values were determined 
by a Cobas-Bio centrifugal analyzer (Hoffman-La 
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‘FIGURE 2. Levels of high density lipoprotein before treatment 


-< and after niacin therapy in the entire group, the high dosage 


>1,000 mg/day) group and the low dosage (=1,000 mg/day) 


Roche Diagnostics) using Abbott total cholesterol fi 
agent (Abbott Laboratories). Lipid determinations wer 
standardized with Center for Disease Control referenc 
samples. us 
Statistical analysis was performed using paired t 
tests on the entire group of patients and on the high 
dosage (>1,000 mg/day) and low dosage ($1,000 mg/ ` 
day) subgroups. i 


RESULTS 

Patients were followed for a mean duration of 11: 
7 months (range 2 to 34). The mean dosage of niacin at 
the last follow-up was 1,415 + 698 mg/day (range 200 
to 4,000). The serum lipid values before and after insti- 
tution of niacin are listed in Table I and Figures 1 
through 3. The group as a whole had a 13% reduction in 
total cholesterol (p <0.001), 31% increase in HDL (p 
<0.001) and 32% decrease in the cholesterol to HDL 
ratio (p <0.001). The 62 patients who tolerated > 1,000 
mg/day of niacin had an 18% reduction in total chol 
terol (246 + 46 to 202 + 48 mg/dl, p <0.001), while. 
HDL was increased by 32% (37 + 10 to 49 + 14 mg 
dl, p <0.001) and the total cholesterol/HDL ratio im- 
proved by 36% (6.9 + 1.9 to 4.4 + 1.3, p <0.001). ‘The 
group that tolerated <1,000 mg/day of niacin ex 
enced only a 5% reduction in total cholesterol; howev 
there was a 29% increase in HDL (34 + 12 to 44 + 
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TABLE Il Side Effects in Patients Receiving Niacin 


No. of Pts 
Side Effects (n= 101) 


Symptom 38 
Vasodilatory 
Flushing 26 
Itching ll 
Tingling 8 
Rash 3 
Headache 2 
Gastrointestinal 
Dyspepsia 
Diarrhea 
Flatulence 
Colic 
Nausea 
Constipation 
Miscellaneous 
Fatigue 
Arthralgia 
Body malodor 
Glucose intolerance 
Abnormal liver function tests 
Gout 
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mg/dl, p <0.001) so that the cholesterol to HDL ratio 
_ decreased by 24% (7.4 + 1.9 to 5.6 + 1.7, p <0.001). 
As listed in Table II, 38 patients (38%) had side ef- 
fects from niacin therapy. The majority of patients with 
side effects described flushing (26 of 38) and other 
symptoms of systemic vasodilation (itching, tingling, 
rash, headache). Gastrointestinal symptoms (dyspepsia, 
_. diarrhea, flatulence, abdominal cramps) were reported 
less frequently. These symptoms resolved or were re- 
duced to acceptable levels in almost all patients by ei- 
ther addition of aspirin, change to the sustained-release 
preparation or dosage reduction. Only 4 of 101 patients 
required discontinuation of niacin therapy because of 
side effects. Nineteen patients (19%) developed tran- 
sient abnormality in the liver function tests, which re- 
sponded to either dosage reduction or temporary sus- 
pension or niacin therapy with subsequent reinstitution 
of the drug. One patient, with a history of excessive al- 
cohol intake, transiently developed jaundice and edema 
during niacin treatment, which resolved completely 
upon discontinuation of niacin and abstention from al- 
cohol. Twenty-five patients (25%) had either mild glu- 
cose intolerance or slight worsening of their preexisting 
diabetes. One patient developed blurred vision which 
cleared after discontinuation of niacin. No patient de- 
veloped gout or gastrointestinal bleeding. 


DISCUSSION 

_ Because an improvement in serum lipids, and specif- 
_. ically a reduction of the cholesterol to HDL ratio, is 

< associated with slowed angiographic progression of cor- 
onary artery disease and improved survival, the develop- 
_ ment of a well-tolerated, inexpensive medical regimen 

_ to both decrease the total cholesterol and increase HDL 
is highly desirable. Niacin reduces very low density lipo- 
- protein and LDL by inhibiting secretion of lipoproteins 
from the liver?!? and suppressing mobilization of free 





fatty acids from adipose tissue.?? Niacin causes a pro- 
portional increase in the HDL, component of HDL, 
which may result from an alteration in the function of 
apolipoprotein A-I as well as reduced synthesis of apo- 
lipoprotein A-II, which is more prevalent in HDL; than 
HDL» .”45 In the present study, the combined effect of 
niacin on LDL and HDL was found to effectively lower 
the cholesterol to HDL ratio in a dose-related fashion. 
It did so at a low cost and was extremely well tolerated, 
with only 4 of 101 patients requiring discontinuation of 
the drug because of side effects. 

There are several important differences between our 
study and other niacin studies previously reported. First, 
we used a lower target dosage (1.5 to 2 g daily) than 
previous studies. Second, we accepted patients into the 
study even without marked hyperlipidemia at baseline. 
All patients had coronary disease, but the average pre- 
treatment cholesterol was considerably less than in oth- 
er large trials.'2!6!8 Third, for patients with side ef- 
fects, rather than discontinuing niacin, we reduced the 
dosage to the highest level tolerated in an attempt to 
determine the potential efficacy of even very low daily 
dosages of niacin. We found that even patients receiving 
$1,000 mg/day showed a 24% reduction in the choles- 
terol to HDL ratio at an average niacin dosage of 703 
mg/day or 350 mg twice a day. This reduction in cho- 
lesterol to HDL ratio is more than twice the reduction 
seen with a strict vegetarian diet in the Leiden trial,!4 in 
which strict dietary intervention alone (vegetarian diet) 
was used to achieve a 10% overall reduction in the cho- 
lesterol to HDL ratio in 39 patients. Patients having the 
greatest reduction in cholesterol to HDL ratio had the 
least progression of angiographically assessed coronary 
artery disease.'* With diet plus cholestyramine, the Na- 
tional Heart, Lung, and Blood Institute Type II Coro- 
nary Intervention Study'® achieved an overall 23% de- 
crease in the cholesterol to HDL ratio, and this reduc- 
tion also correlated strongly with slowed progression of 
coronary artery disease. We observed a 32% reduction 
in the cholesterol to HDL ratio for our entire niacin 
group, which was under only moderate dietary control. 
The average cost of niacin (2 g/day) is approximately 
$5/month compared with $50 to $100/month for cho- 
lestyramine (4 packets or scoops/day). Furthermore, 
side effects, although frequent, were mild and required 
infrequent drug discontinuation, unlike previous experi- 
ence with the cholesterol-binding resins. It should be 
emphasized, however, that niacin does have potential 
hepatotoxic side effects, occasionally severe,” and peri- 
odic monitoring of liver function tests is essential. Other 
side effects include glucose intolerance, hyperuricemia, 
exacerbation of peptic ulcer disease, postural hypoten- 
sion, acanthosis nigricans and reversible impairment of 
vision secondary to maculopathy.2” Additionally, due to 
its coronary vasodilatation properties, niacin may in- 
duce a coronary steal phenomenon capable of exacer- 
bating cardiac ischemia in patients with unstable angina 
(R. Pasternak, personal communication). 

Other studies**->° have suggested enhanced improve- 
ment in the lipid profile with the combination of niacin 











with agents that decrease cholesterol absorption in the 
small intestine (bile acid sequestrants) or HMG CoA 
reductase inhibitors. Such combined approaches may 
allow the use of lower dosages of individual agents, 
thereby diminishing the potential side effects of each 
agent. Our results document impressive results of niacin 
alone even when administered at relatively low or mod- 
est dosages. 

Despite the recommendation of the National Choles- 
terol Education Program, which considers niacin as a 
“first-line drug” for the treatment of elevated LDL cho- 
lesterol,?! and despite its availability to practicing physi- 
cians for many years, niacin has not achieved wide- 
spread acceptability and is not extensively used by 
many clinicians. This may be attributed to the fact that, 
because it is not patentable, it has not had the benefit of 
a major marketing promotion campaign by the pharma- 
ceutical industry. Its lack of acceptance is also undoubt- 
edly due to the perception that niacin is poorly tolerated 
in as many as 50% of patients for whom it is pre- 
scribed.32 The strategies used in our study suggest that, 
in fact, a much higher proportion of patients can be 
successfully managed with niacin and that major lipid 
changes can be achieved even at less than maximal dos- 
ages. 

While results of this study are consistent with obser- 
vations made over many years by specialists managing 
patients with lipid disorders, primary care physicians 
are less aware of the therapeutic potential of an inex- 
pensive regimen using either standard or sustained-re- 
lease niacin. This is perhaps due to the relative paucity 
of reports on the clinical use of niacin compared with 
the attention given in various studies to newer agents 
such as gemfibrozil and lovastatin. Despite the limita- 
tion of this observational study, the results nevertheless 
suggest that the neglect of niacin has been unjustified. 
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_ Usefulness of Esophageal Pill Electrode Atrial _ 

Pacing with Quantitative Two-Dimensional 

Echocardiography for Diagnosing Coronary 
Artery Disease 


Ray V. Matthews, MD, Richard J. Haskell, MD, Leonard E. Ginzton, MD, 
and Michael M. Laks, MD 





Noninvasive diagnosis of coronary artery disease 
- (CAD) is difficult in patients who are unable to 
exercise. In this study esophageal pill electrode 
atrial pacing was used as a myocardial stress not 
requiring exercise, and changes in ejection fraction 
-and pressure volume ratio during pacing with 2-di- 
‘mensional echocardiography were quantitatively 
-< analyzed. All patients had completed a Bruce proto- 
col treadmill exercise test and had undergone coro- 
-hary arteriography. Of 26 patients, 22 were suc- 
_ cessfully paced (85%). Comparable rate-pressure 
_ products were obtained for treadmill exercise 
3,500 + 5,900 mm Hg/min) and pacing (24,100 
;400 mm Hg/min; difference not significant). Of 
he 22 patients completing the study 8 had normal 
onary arteries (group 1) and 14 had CAD (group 
_ll). The change in ejection fraction with pacing in 
group I patients was not significant (3 + 8%). In 
_ group Il ejection fraction decreased with pacing 
_ (-8 + 13%; p = 0.025). The pressure/volume ratio 
increased in group I with pacing (3.8 + 1.8 mm Hg/ 
: min/m?; p = 0.05) and was unchanged in group Il 
- (0.3 + 1.8 mm Hg/min/m2; difference not signifi- 
cant). Using an ejection fraction decrease with pac- 
ing or a failure to increase pressure/volume ratio 
__ with pacing as criterion for the presence of CAD, 
similar predictive accuracies were obtained when 
compared to treadmill exercise testing. Esophageal 
` pill electrode atrial pacing with quantitative 2-di- 
mensional echocardiography may be a useful non- 
invasive, nonexercise method to detect CAD. 
(Am J Cardiol 1989;64:730-735) 
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(CAD) is difficult because many patients are un- 

able to exercise adequately. These patients may 
have chronic obstructive pulmonary disease, severe pe- 
ripheral vascular disease or orthopedic disabilities. Cor- 
onary angiography accurately detects CAD but pro- 
vides no functional assessment of the degree of isch- 
emia, is invasive and involves radiation exposure. 

Dipyridamole infusion followed by thallium-201 
scintigraphy has proved to be a good alternative method 
to diagnose CAD. It does not require exercise. Sensitiv- 
ities and specificities are comparable to thallium tread- 
mill exercise testing.'~? However, dipyridamole-thallium 
scans require radiation exposure and complex imaging 
analysis. 

Graded tachycardia studies with transvenous right 
atrial pacing have been used to detect CAD.* Atrial 
pacing can also be performed noninvasively by an elec- 
trode positioned in the esophagus, either by intubation 
of the esophagus’ or by swallowing a bipolar electrode 
encased in a gelatin capsule—the so-called pill elec- 
trode. 

Left ventricular function is commonly assessed by 
measurement of the change in ejection fraction at rest 
compared with stress. The peak systolic pressure/end- 
systolic volume index ratio is more independent of ven- 
tricular loading conditions, which may be altered during 
pacing, than is ejection fraction.’-'! Because the peak 
systolic pressure can be estimated from brachial cuff 
systolic pressure and ventricular volumes can be calcu- 
lated by 2-dimensional echocardiography,'?-!3 the pres- 
sure volume ratio can be calculated for noninvasive pac- 
ing tachycardia studies. 

We studied the feasibility of performing graded 
tachycardia studies using a swallowed bipolar pill elec- 
trode and simultaneous quantitative 2-dimensional 
echocardiography. To assess this method's utility as a 
noninvasive, nonexercise technique for detecting CAD, 
we compared the predictive accuracy of atrial pacing- 
induced changes in ventricular contractility with stan- 
dard treadmill exercise testing in a group of patients 
undergoing coronary angiography. 


T he noninvasive detection of coronary artery disease 


METHODS 

Patient criteria: The following entry criteria were 
used: (1) history of chest pain suggestive of CAD, (2). 
Bruce protocol treadmill exercise test performed within 
6 weeks and (3) coronary arteriogram performed within _ 










6 weeks. There was no selection of patients for the pres- 


ence or severity of CAD. Antianginal medications were 
continued during all testing. 

Exclusionary criteria were: (1) unstable angina, (2) 
significant valvular stenosis or regurgitation, (3) left 
ventricular hypertrophy on electrocardiogram or (4) 
esophageal disease. All subjects were entered after ap- 
proval of the protocol by the Human Subjects Commit- 
tee of Harbor-UCLA Medical Center in November 
1987. Informed consent was obtained by the principal 
investigator. 

Coronary arteriography: A visual estimate of the 
percent diameter coronary narrowing was made by an 
observer unaware of the result of the pacing tachycardia 
study. Significant CAD was defined as a 270% diame- 
ter narrowing of 21 main branch coronary arteries. 

Treadmill exercise: All subjects performed a symp- 
tom-limited 12-lead Bruce protocol treadmill exercise 
test. A positive test was defined as the presence of =0.1 
mV of ST-segment depression 80 ms after the J point in 
any lead. Stress tests were interpreted without knowl- 
edge of the coronary arteriogram or pacing tachycardia 
study results. 

Experimental protocol: ELECTRODE POSITIONING: A 
bipolar electrode encased in a gelatin capsule 
(ARZCO®) suspended by 2 thin insulated leads was 
swallowed to a premeasured distance, approximately 40 
cm. A 12-lead electrocardiogram was then obtained 
with the right and left limb leads attached to the bipolar 
electrode with a system of amplifiers and resistors inter- 
posed. (Figure 1A). Standard lead I was recorded with 
the patient in a 30° reclining position. The electrode 
was gradually withdrawn until an atrial electrogram in 
standard lead I was maximal in amplitude (Figure 1B). 

ATRIAL PACING PROTOCOL: Atrial pacing was per- 
formed using an ARZCO Medical Electronics pulse 
generator. A pulse width of 10 ms was used in all 
patients. Pacing was performed with the minimum 
milliamperage required for capture. A brief period of 
pacing was performed at 85% of maximal predicted 
heart rate to evaluate for Wenckebach phenomenon. If 
it was present, 0.5 to 1 mg of atropine was administered 
intravenously. 

Pacing was begun at 15 beats/min above the resting 


sinus heart rate. Patients were paced for approximately ` 


2 minutes at each heart rate at increments of 15 beats/ 
min until 85% of the predicted maximum heart rate was 
attained. Brachial cuff blood pressure and a 12-lead 
electrocardiogram were obtained at rest and at each 
stage (Figure 1C). Pacing was discontinued when 85% 
of the maximal predicted heart rate was obtained, or 
angina or 2 mm of ST-segment depression developed or 
pacing-induced esophageal pain became intolerable. 
Twelve-lead electrocardiograms and blood pressure 
were obtained at peak rate and immediately after pac- 
ing. The electrocardiograms obtained immediately after 
pacing were evaluated for ST changes. 

QUANTITATIVE TWO-DIMENSIONAL ECHOCARDIOGRAPHY: 
With subjects in the 30° reclining position, apical 4- 
-chamber images were obtained at rest and at maximal 
pacing rate. (Apical 2-chamber views were not of ade- 





quate quality in all patients and therefore were not used _ 
for quantitation.) Subjects were not prescreened for 
echocardiographic image quality. Endocardial contours 

were drawn by an observer blinded to the results of the. 
coronary angiogram, treadmill exercise test and pacing 

tachycardia study. Left venticular images were digitized 
on a microcomputer (Dextra D-200). The endocardium 
was visually identified and volumes calculated using the 
modified Simpson’s single plane method. From these 
ventricular volumes, ejection fractions at rest and peak 
pacing were calculated. Using the brachial cuff systolic 
pressure, peak systolic pressure/end-systolic volume in- 
dex ratios were calculated at rest and at peak pacing. 

Statistical analysis: Data in individual patients at 
rest and with atrial pacing were compared with a paired 
t test. An unpaired ¢ test was used to compare data 
from patients with CAD (group H) to patients without 
CAD (group I). 

Sensitivity was defined as 1 — number of false nega- 
tives/number of true negatives; specificity was defined 
as 1 — number of false positives/number of true nega- 
tives; and predictive accuracy was defined as number of 
correct tests/number of patients tested. ee 

Sensitivity, specificity and predictive accuracy values 
for ejection fraction decrease, failure to increase pres- 
sure volume ratio and pressure volume ratio <6.0 we! 
each compared with treadmill ST-segment depress 
values using the Fischer’s exact test. 


RESULTS : 
Twenty-six patients (15 men) were entered into th 
study. The age ranged from 31 to 79 years (mean 54 
Twenty-two of the 26 patients (85%) were successfully. 
paced. Two patients experienced significant esophageal 
pain during pacing and elected to discontinue the study. ` 


One patient could not swallow the pill electrode andin 1 : 


patient atrial capture could not be obtained. 

Of the 22 patients completing the study, 8 had nor- 
mal coronary angiograms (group I) and 14 patients had 
CAD (group II). Seven patients had 3-vessel CAD, 4 
patients had 2-vessel CAD and 3 patients had 1-vessel 
CAD. Four patients had undergone coronary artery by- 
pass grafting and 9 of the 14 patients with CAD had 
electrocardiographic evidence of a previous transmura 
myocardial infarction. 

Patients were asked to estimate the degree of esoph- 
ageal discomfort produced during pacing. Eleven pa- 
tients had no discomfort during pacing, 9 had mild dis- 
comfort, 3 had moderate discomfort and as previously 
noted, 2 elected to discontinue the study because of 
esophageal pain. Pacing-induced esophageal discomfort 
abated completely on cessation of pacing in all patients. 

Treadmill exercise testing: Bruce protocol treadmill 
exercise tests were analyzed in the 22 patients complet- 
ing the atrial pacing protocol. Higher heart rates were 
obtained with atrial pacing (149 + 9 beats/min) than 
with treadmill exercise (136 + 20 beats/min; p = 0.01). 
Blood pressure response was slightly higher with tread- 
mill (172 + 31 mm Hg) than atrial pacing (162 + 27 
mm Hg) but this difference was not statistically signifi- 
cant. The rate-pressure product for treadmill exercise 
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- (23,500 + 5,900 mm Hg/min) was not statistically dif- 


ferent from atrial pacing (24,100 + 4,400 mm Hg/ 
min). Myocardial stress, as assessed by the rate-pres- 
sure product, was similar with treadmill compared to 
atrial pacing. 

ST-segment changes induced during atrial pacing 
were analyzed identically to those for treadmill exercise 
testing. Sensitivity, specificity and predictive accuracy 
were calculated for treadmill testing, and pacing-in- 
duced ST-segment changes are listed in Table I. 

Quantitative two-dimensional echocardiography: 
Apical 4-chamber images at rest and at peak pacing 
adequate for ventricular volume determinations were 
obtained in all patients. The change in ejection fraction 
was evaluated in both groups. The group I patients 
(normal coronary arteriogram) had no significant 
change in ejection fraction (3 + 8%). The group II pa- 
tients (CAD) had a statistically significant decrease in 
ejection fraction with atrial pacing (-8 + 12%, p = 
0.024) (Figure 2). 

After defining a decrease in the ejection fraction 
with pacing as the criteria for a positive test, sensitivity, 
specificity and predictive accuracy were calculated. 
Each compared favorably to treadmill exercise testing 
(Table I). 

Peak systolic pressure/end-systolic volume index 
ratio: Using the end-systolic volume indexed for body 
surface area, and brachial artery systolic cuff pressures, 
peak systolic pressure/end-systolic volume index ratios 
(pressure/volume ratios) were calculated in groups I 





$ = meant SEM 


EJECTION FRACTION % 





CATH NORMAL 
GROUP | 


FIGURE 2. Comparison of rest with peak pacing ejection frac- 
tions. Group | constitutes patients with chest pain and normal 
coronary angiograms and group Il is patients with coronary 
artery disease (CAD). Group I patients did not significantly 
alter their ejection fraction with pacing. However, group Il 
patients had a statistically significant decrease in ejection 
fraction with pacing. 


TABLE! Comparative Diagnostic Value of Noninvasive 
Parameters 


Sensitivity Specificity 
(%) (%) 
Treadmill ST 3/8 (38) 12/22 (55). 
Depression* 
Pacing ST 
Depression* 
Pacing Echo 
Ejection 
Fraction 
Decrease 
Failure to 
Increase P/Vt 
P/V <6.0 11/14 (79) 7/8 (88) 18/22 (82). 
Each value obtained for sensitivity, specificity and predictive accuracy was con 
pared with the respective value obtained for treadmill exercise ST depression using : | 
the Fischer's exact test. None was statistically significant (p >0.05). 
* 20.1 mV of ST-segment depression, 80 ms after the J point; 1P/V = peak 
systolic pressure /end-systolic volume index ratio. 


9/14 (64) 


8/14 (87) 6/8 (75) 14/22 (64) 


10/14 (71) 6/8 (75) 16/22 (73) | 


6/14 (43) 8/8 (100) 


16/22 (73) 


and II. The change in the pressure/volume ratio in 
group I patients was 3.8 + 4.6 mm Hg/ml/m? (p 
0.05). In the group II patients the change in pressure 
volume ratio was 0.3 + 1.8 mm Hg/ml/m? (difference 
not significant). Therefore, the group I patients i 
proved their ventricular function during pacing as 
shown by an increase in peak systolic pressure/end-sys 
tolic volume index ratio. However, those patients w: 
CAD (group II) failed to significantly increase their 
ventricular function with pacing (Figure 3). 


mmtig/miim2 


P/ESVI 


FIGURE 3. Change in peak systolic pressure end-systolic vol- 
ume index ratio (P/ESVI) at rest compared to atrial pacing. 
Group | patients significantly increased their pressure/volume 
index ratio during pacing. Group Il did not. 


FIGURE 1 (opposite page). A, diagrammatic representation of the position of the pill electrode in the esophagus and its proximi- 
ty to the left atrium. The right and left arm leads are attached to the bipolar electrode and the recorded signal is modified by the. 
“pillbox” (a system of resistors and amplifiers). Left, an attached independent right arm lead, which allows standard lead Il to _ 


be recorded without esophageal electrode influence. B, a 3-lead 
tioned in the esophagus. Standard lead | demonstrates a large atrial electrogram 


simultaneous recording from the pill electrode properly posi- 


indicating 
gram to QRS height ratio of 2:1 indicates optimal position for pacing. Standard lead II is shown recorded free of esophageal in- _ 
> fluence as a reference. C, a 12-lead electrocardiogram during rapid atrial pacing. ST-segment depression is demonstrated in . 
2i _ precordial leads V3 through Ve. Note that pacing artifact does not obscure analysis of the ST segment. This patient had angina 


be 








The pressure/volume ratio obtained at peak pacing 
-in both groups was evaluated as a separate predictor of 
the presence of CAD. The pressure/volume ratio at 
peak pacing for group I was 11.8 + 8.1 mm Hg/ml/m? 
and for group II it was 4.7 + 2.0 mm Hg/ml/m?. The 
difference in the peak pressure/volume ratios between 
groups I and II was statistically significant (p = 0.005) 

(Figure 4). 

If a pressure/volume ratio of <6.0 at peak pacing is 
defined as the criterion for a positive test, a sensitivity of 
19%, specificity of 88% and predictive accuracy of 82% 
are obtained (Table I). Therefore, a pressure/volume 
- ratio of <6.0 at peak atrial pacing may be a useful de- 
terminant of the presence of coronary artery disease us- 
ing this method. 












































DISCUSSION 

Noninvasive rapid atrial pacing can be performed by 
intubation of the esophagus with a bipolar electrode. 
This intubation is often uncomfortable and pacing pro- 
duces a burning sensation in the esophagus in nearly all 
patients.’ Most patients in this study using the swal- 
lowed pill electrode reported mild or no discomfort with 
pacing and only 1 patient was unable to swallow the 
electrode. Atrial pacing using the pill electrode appears 
to be well tolerated by most patients. 

A comparison of the rate pressure products obtained 
with atrial pacing and treadmill exercise in a previous 
“study was not statistically different.'* Atrial pacing has 
< been shown to increase myocardial blood flow! and to 

-be a positive inotropic stimulus in animals'® and normal 
humans.!3!7.18 Atrial pacing can induce adequate myo- 
~ cardial stress in patients who are unable to exercise. 
Changes in left ventricular function during atrial 

-pacing were assessed using 2-dimensional echocardiog- 
raphy. The response in normal subjects to atrial pacing 
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is a decrease in the end-systolic and end-diastolic vol- 


ally attainable. i 


umes,!8-20 a decrease in stroke volume??? and either a 
small increase or no change in the ejection fraction.'*0 
In contrast, in patients with CAD in whom ischemia is 
induced by pacing, ventricular volumes may be un- 
changed or increase!® and ejection fraction decreases.!* 
We found that a significant decrease in ejection fraction 
was induced by atrial pacing in patients with CAD and 
that an ejection fraction decrease correctly predicted 
CAD in 73% (Table I). However, the ejection fraction 
did not increase in our group I patients. This may be 
due to the small group size or may reflect the fact that 
ejection fraction during pacing in normal subjects may 
be unchanged.!3.!8 

The relation of the peak systolic pressure to the end- 
systolic volume index is a particularly attractive method 
to assess left ventricular contractile function during atri- 
al pacing. The pressure volume ratio is less dependent 
on left ventricular preload alterations than is ejection 
fraction.'!!3 Since atrial pacing decreases left ventricu- 
lar end-diastolic pressure (preload),'® using the pressure 
volume ratio as a measurement of contractility during 
this altered preload state may be a more accurate meth- 
od of assessing ventricular function. Group II patients 
(with CAD) did not increase their pressure volume ratio 
with pacing; this probably represents an ischemia-in- 
duced failure to respond to an inotropic stimulus (Fig- 
ure 3). 

By analyzing the pressure volume relation at peak 
atrial pacing, we sought to investigate left ventricular 
function during maximum stress. Those patients with 
CAD (group II) had significantly lower pressure vol- 
ume ratios at peak pacing and this was the most highly 
predictive factor to detect the presence of CAD in this 
study (predictive accuracy 77%). 

Nine of the 14 patients with CAD had had previous 
electrocardiographic evidence of myocardial infarction. 
However, only 1 of these 9 patients had a left ventricu- 
lar end-diastolic volume index greater than normal 
(>90 ml/m2)?3 as measured by left ventriculography at 
rest during catheterization. Therefore, it is unlikely that 
the lower pressure volume ratio obtained in the group H 
patients was due primarily to ventricular dilatation from 
previous myocardial infarction. 

Atrial pacing has been used invasively*4 and non- 
invasively?>6 to detect pacing-induced wall motion 
abnormalities. Iliceto et al?” have compared transesoph- 
ageal pacing-induced qualitative wall motion abnormal- 
ities with exercise-induced wall motion abnormalities 
using echocardiography. They have demonstrated com- 
parable results establishing the diagnostic utility of this 
method. We think quantitative measurements provide a 
more objective and observer-independent assessment of 
ventricular function, and did not use qualitative wall 
motion assessments in this study. 

Limitations: Quantitative analysis of echocardio- 
graphic images requires high quality images. Because 
the patient is in a reclining stationary position during 
pill electrode atrial pacing, high quality images are usu- 


Although the rate-pressure products were similar for 
pacing and treadmill in this study, the rate-pressure 
product values were not excessive. It is possible that this 
technique will miss mild ischemia detectable only at 
very high workloads. 

Patients with severe cardiomyopathy can have ab- 
normal ejection fractions and pressure volume responses 
to stress. These patients may be better evaluated with 
dipyridamole-thallium imaging. 

The small number of patients studied in this prelimi- 
nary investigation prohibits firm conclusions regarding 
the clinical utility of esophageal pill atrial pacing and 
quantitative 2-dimensional echocardiography, but initial 
findings are encouraging. 
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Weight Carrying Versus Handgrip Exercise 
















































`- tests were compared in 30 patients with document- 
ed coronary artery disease. The static loads in the 
2 tests were matched by percentage of maximal 
static effort and corresponded to 25 and 45% of 
maximal voluntary handgrip contraction and 25 
and 45% of maximal 1-hand lift capacity. Each 
static load in both tests was continued for <3 min- 
utes. At the 25% maximal effort stage, 93 and 
90% of patients were able to complete 3 minutes of 
handgrip and weight carrying, respectively. Only 
- 13 and 10% were able to complete 3 minutes at 
the 45% maximal effort stage with handgrip and 
weight carrying, respectively. Arm fatigue and an 
Increase in diastolic blood pressure > 120 mm Hg 
were the predominant endpoints. Weight carrying 
-<> resulted in significantly higher (p <0.05) heart rate, 
:- systolic blood pressure, pressure-rate product, 
ventilation and oxygen consumption compared to 
=: handgrip. Diastolic blood pressure responses did 
not differ between the tests. None of the patients 
demonstrated ischemic responses to either hand- 
<: grip or weight carrying and the incidence of ar- 
rhythmias was rare. The diastolic blood pressure 
response to static effort is equally evaluated by 
handgrip and weight carrying tests. However, the 
- greater myocardial oxygen demand, reflected by 
the pressure-rate product, in addition to the great- 
er total body oxygen consumption, imposed by 
`: weight carrying, enhances the clinical application of 
the weight carrying test. 
fe (Am J Cardiol 1989;64:736-—740) 
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The clinical merits of handgrip and weight carrying 





any activities of daily living require a significant 
M erren of static muscular contraction. 

Static exercise is known to induce a greater 
pressor response than occurs with dynamic exercise, and 
previous studies!? have shown that some patients with 
coronary artery disease experience an increase in blood 
pressure above normally accepted levels? with static or 
static-dynamic exercise. 

The different hemodynamic responses to static and 
dynamic exercise may cause difficulties in advising 
some patients on work resumption after a cardiac event 
based only on dynamic exercise testing results. This is 
especially true for patients whose work requires a heavy 
component of static effort. To enhance activity guide- 
lines for these patients, static exercise testing has been 
suggested. Handgrip*> and weight carrying! are 2 
commonly recommended tests. This study compares the 
hemodynamic and metabolic responses to similar rela- 
tive static workloads with handgrip and weight carrying 
and evaluates the clinical merits of handgrip and weight 
carrying responses for advising cardiac patients on the 
resumption of common static and static-dynamic activi- 
ties of daily living. 


METHODS 

Patient population: The study population consisted 
of 30 men with documented coronary artery disease. A 
history of myocardial infarction was present in 18 sub- 
jects (7 anterior, 8 inferior, 3 non-Q-wave), 18 had un- 
dergone coronary artery bypass surgery, 8 had percuta- 
neous transluminal coronary angioplasty and | had ven- 
tricular aneurysectomy. Patients with clinical evidence 
of congestive heart failure, recent (<6 weeks) myocar- 
dial infarction or coronary artery bypass surgery, unsta- 
ble angina pectoris or any physical limitation that re- 
stricted upper or lower extremity effort were excluded 
from the study. The mean age of the group was 61 + 6 
years (range 40 to 70). Prescribed medications re- 
mained constant throughout the testing period and in- 
cluded 8 blockers for 10 subjects, calcium antagonists 
for 10, antihypertensives for 7, digoxin for 5, antiar- 
rhythmics for 4, diuretics for 2 and nitrates for 1. None 
of the subjects was currently enrolled in cardiac reha- 
bilitation. Each subject signed an informed consent ap- 
proved by the Human Research Review Committee. 

Testing procedures: All subjects initially underwent 
a physical examination and a symptom-limited leg cycle 
ergometer graded exercise test with 12-lead electrocar- 
diographic monitoring. On 2 subsequent days, the sub- 





7 jes underwent a weight carrying test and handgrip — 
2 J > 


ercise tests, an 


the subjects were instructed to take their prescribed 
-medications at the same time of day for the 24 hours 
preceding each test. 

The weight carrying and handgrip tests were per- 
formed in random order and at the same time of day. 
The static workloads in the 2 tests were matched by 
percentage of maximal static effort and corresponded to 
25 and 45% of maximal voluntary handgrip contraction 
for the handgrip test and 25 and 45% of maximal 1l- 
hand lift capacity for the weight carrying test. The stat- 
ic exercise was performed with the dominant upper ex- 
tremity for both tests. Each static workload was contin- 
ued for 3 minutes unless terminated earlier due to 
fatigue, limiting angina pectoris, ST-segment depression 
>3 mm, ventricular tachycardia, a decrease in systolic 
blood pressure >15 mm Hg or a hypertensive response 
(systolic blood pressure >250 mm Hg, diastolic blood 
pressure >120 mm Hg). During each test, the subject’s 
electrocardiogram (3-lead) was continuously monitored 
and recorded at the end of each minute of exercise for 
determination of heart rate responses. Blood pressure 
was obtained each minute by mercury sphygmomanom- 
eter on the nonexercising arm. Oxygen consumption 
was measured each minute with open circuit spirometry 
as previously described.’ Immediately after each stage, 
the subject was asked to rate the level of hand and arm 
effort according to the 15-point Borg scale of perceived 
exertion.’ 

Before each test, maximal strength for handgrip and 
l-hand lift capacity was determined. For the handgrip 
test, the highest of 2 maximal static handgrip trials was 
considered maximal effort. For the weight carrying test, 
maximal voluntary 1-hand lift capacity was determined 
by having the subject lift a rack weighted with disk 
weights from a 12-inch high bench. Each subject was 
instructed to avoid the Valsalva maneuver and to use 
proper body mechanics while lifting. In the initial lift 
attempt, the rack was loaded with 150 to 200 pounds 
depending on the subject’s size and expected general 
lifting capacity. The weight load was adjusted after the 
first attempt until the subject was just able to lift the 
weighted rack approximately 1 inch from the bench. 
Generally about 2 or 3 attempts were required to deter- 
mine maximal lift capacity. A 1-minute rest period was 
interspersed between each maximal lift trial. 

After determination of maximal effort, the subject 
rested in a seated position for 10 minutes before initia- 
tion of the test protocol for that day. In the handgrip 
test, the subject remained seated while performing 25 
and 45% of maximal handgrip voluntary contraction. 
The weight carrying test protocol consisted of 3 work 
stages, each requiring treadmill ambulation at 2 mph, 
0% grade. The first stage required no weight carrying 
while the next 2 stages required carrying weight loads 
corresponding to 25 and 45% maximal 1-hand lift ca- 
pacity. A 3-minute seated rest period separated each 
work stage. 

Statistical analysis: The responses to the weight car- 
. “tying test and the handgrip test at the 25% maximal 


z effort stage w were Saniefically compared using analysis of 


variance with repeated measures followed by the leas 
significant difference test to compare group mea: 
when an overall significance was found. A t test for 
paired data was used to compare the 1-minute responses 
to weight carrying and handgrip at the 45% maximal 
effort stage (only 1-minute responses were analyzed at 
the 45% maximal effort stage since most subjects were. 
unable to continue any longer). A ¢ test for paired data 
was also used to compare the 3-minute responses at the- 
25% maximal effort stage when the responses were ana- _ 
lyzed separately for patients with and without 8 blocker: 
medications. 2 

A p value of <0.05 was considered significant for all 
statistical tests performed. All values are expressed as 
mean + standard deviation. 


RESULTS 

Dynamic exercise test responses: Mean peak re- 
sponses with symptom-limited cycle ergometer testing 
included a heart rate of 136 + 18 beats/min, systolic 
blood pressure of 209 + 28 mm Hg, diastolic blood. 
pressure of 100 + 14 mm Hg and oxygen consumption. 
of 21.9 + 3.9 ml/kg/min. Mean maximal effort on the _ 
weight carrying test was 143 + 29 pounds compared to _ 
a mean maximal voluntary handgrip contraction of 92 
+ 14 pounds. The correlation between the maximal 
pounds achieved by the subjects on the 2 tests was 0 
which was not statistically significant. 

Exercise endpoints: On the weight carrying test. 
90% of the subjects were able to complete 3 minutes of 
ambulation at the 25% (36 + 7 pounds) of maximal 
effort stage. A diastolic blood pressure response >120 
mm Hg limited 2 of the subjects and 1 subject was lim- 
ited by arrhythmias. This is similar to the results of the- 
handgrip test where 93% of the subjects were able to 
complete 3 minutes of effort at the 25% (23 + 
pounds) of maximal effort stage. Two subjects wer 
limited by diastolic blood pressure response >120 mm : 
Hg, one of whom was limited by the same endpoint o1 
the weight carrying test. At the 45% maximal static ef- 
fort stage, only 3 (10%) and 4 (13%) of the subjects 


were able to complete 3 minutes of the weight carrying 


and handgrip, respectively. The predominant endpoints 
to both tests were arm fatigue and an increase in dia 
stolic blood pressure. Most (62%) of the subjects were. 
limited by the same endpoint on both tests: 33% due to 
fatigue, 26% by diastolic blood pressure >120 mm Hg 
and 3% for completing the test protocol. The remaining 
37% of the subjects were limited by different endpoints 
on the 2 tests. 

Rating of perceived exertion: The subjects’ ratings 
of perceived exertion for arm effort during the weight 
carrying test and handgrip test were similar. At the 25% 
stage, the rating averaged 15 + 3 for the weight carry-` 
ing test versus 14 + 3 for handgrip. At the 45% maxi- 


mal effort stage, the mean ratings of perceived exertion . 


were the same with weight carrying and handgrip (18 +- 
2). 


_ Energy requirements: At the 25% maximal effort o 
sage there was a Progresive minute-to-minute increase 
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weight carrying; — = not done. 





(p <0.05) in oxygen consumption with weight carrying, 
but no significant change over time with handgrip. The 
oxygen consumption at minute 3 averaged 13.4 + 1.6 
ml/kg/min with weight carrying and 4.0 + 0.6 ml/kg/ 
min with handgrip (p <0.05). This represented 39 and 
8%, respectively, of mean peak oxygen consumption at- 
tained with leg cycle ergometry. Data were not obtained 
at the 45% of maximal effort stage on either test since 
most subjects were unable to sustain this level of exer- 
tion for >1 minute. 

Comparison of hemodynamic responses between 
two static exercise tests: The hemodynamic responses 
to 3 minutes of weight carrying and handgrip at the 
- 25% maximal effort stage are shown in Figure 1. 
Weight carrying resulted in a significantly higher heart 
rate, systolic blood pressure and pressure-rate product 
compared to the corresponding minute of handgrip. 
-Diastolic blood pressure did not differ between the 2 

tests. At the 45% maximal effort stage (minute 1), simi- 
lar differences existed. : 
of tests in subjects with and without 









: Due to the known effects of 6 blockers 


‘TABLE! Effects of Three Minutes of 25% Maximal Static Effort and One Minute of 45% Maximal Static Effort on Hemodynamic 











45% Max WC 45% Max HG 












19 111 218 110 71 172 94 117 210 114 71 174 98 
Mean + SD 104+ 13* 192 +24* 101411 81412 172425 103412 114416* 186425* 109+15 85414174427 111413 
B blocker 

1 86 176 106 71 186 126 95 180 110 77 174 122 

2 82 154 92 65 130 88 83 154 90 69 146 90 

3 94 204 100 75 184 124 98 180 110 72 174 114 

4 98 190 104 77 186 114 122 184 110 74 182 130 

5 85 196 94 74 220 116 100 200 96 74 194 116 

6 77 176 104 58 150 90 103 166 100 68 150 106 

7 82 160 90 68 138 90 94 160 100 68 130 84 

8 74 180 102 59 140 90 100 190 114 60 150 110 

9 100 180 120 68 136 94 100 180 120 71 140 98 
10 96 146 86 57 156 98 102 154 84 61 140 100 
Meant SD 8749* 176418 100410 6747 163430 103415 100410* 175416* 103411 6946 158421 107414 


* p <O.05, weight carrying vs handgrip for the same parameter at identical percentage of relative static effort. 
DBP = diastolic blood pressure (mm Hg), HG = handgrip; HR = heart rate (beats /min}; Max = maximal; SBP = systolic blood pressure (mm Hg); SD = standard deviation; WC = 


on the hemodynamic responses to exercise, the heart 
rate and blood pressure responses to weight carrying 
and handgrip were analyzed separately for patients tak- 
ing 6 blockers. The mean responses at minute 3 of the 
25% maximal static effort stage and minute 1 of the 
45% maximal effort stage for the 2 subgroups are listed 
in Table I. Weight carrying produced a higher (p 
<0.05) heart rate response versus handgrip for all sub- 
jects. Systolic blood pressure was greater (p <0.05) 
with weight carrying, except at the 25% effort stage for 
those receiving @ blockers. Diastolic blood pressure did 
not differ between weight carrying and handgrip in ei- 
ther of the 2 subgroups. 

Myocardial ischemia, angina pectoris and arrhyth- 
mia: No evidence of ischemic ST-segment depression 
was observed with leg cycle ergometry, weight carrying 
or handgrip testing in the subjects not taking digoxin. 
No subject reported angina pectoris during any test. 

The incidence of premature ventricular contractions 
was rare. The number of subjects who showed ventricu- 
lar arrhythmias was similar between the weight carry- _ 
ing and handgrip tests and the percentage of maximal _ 





> static effort exerted did not seem to influence the type 
or frequency of arrhythmias. However, 1 subject was 
stopped during the weight carrying test due to sustained 
frequent premature ventricular contractions (bigeminy) 
with couplets, which was not observed with handgrip or 
dynamic exercise testing. A repeat weight carrying test 
showed a similar arrhythmic response. 


DISCUSSION 

Several studies':?4-69-!! have evaluated the cardio- 
vascular responses of cardiac patients to static and stat- 
ic-dynamic effort. In general, ischemic responses are 
less frequent with static and static-dynamic effort com- 
pared to symptom-limited dynamic exercise testing. 
Also, premature ventricular contractions do not seem to 
be exaggerated with static versus dynamic effort. Blood 
pressure responses and upper extremity fatigue are 
more common endpoints with static versus dynamic ex- 
ercise testing. Our present results agree with these pre- 
vious findings. Both weight carrying and handgrip test- 
ing were well tolerated without complications. No evi- 
dence of myocardial ischemia was observed and, in 
general, the occurrence of arrhythmias was rare. The 
predominant endpoints in both tests were an increase in 
diastolic blood pressure >120 mm Hg and arm fatigue. 
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Weight carrying produced significantly greater ele- 
vations in heart rate, systolic blood pressure and pres 
sure-rate product compared to handgrip. These re- 
sponses are probably attributable to the greater meta- 
bolic cost associated with weight carrying. The similar 
diastolic blood pressure responses between weight carry-. 
ing and handgrip testing can best be explained by the 
similar percentage of maximal voluntary contraction re- 
quired by the 2 tests. 

It should be noted that while this study required the 
subjects to perform handgrip and weight carrying with 
1 hand only, many daily activities and occupations re- 
quire 2-handed weight carrying. Although the latter 
was not evaluated, the hemodynamic stress of carrying 
the same weight load with 2 hands would not be experts 
ed to be greater than that with 1 hand.!2!3 

The clinical merits of handgrip and weight carrying 
tests must be assessed in relation to the type of informa- 
tion needed to advise the patient. The results of thi 
study indicate that if the primary concern is the appro- 
priateness of the diastolic blood pressure response. 
percentage of maximal static exercise, then either 
could be used. The handgrip test may be preferred 
many clinical laboratories to assess the diastolic blood 
pressure response as it is generally easier to administ 
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an the weight carrying test. The heart rate and pres- 
_sure-rate product responses, however, will be lower with 
handgrip than with weight carrying. Thus, the weight 
carrying test will provide a more accurate assessment of 
: myocardial oxygen demand (e.g., pressure-rate product) 
associated with weight carrying tasks. 
Probably the greatest advantage of the weight carry- 
ing test compared to the handgrip test is that it gives 
information regarding the amount of weight that the 
“patient can lift as well as the patient’s responses to car- 
__rying a specified amount of weight. This type of infor- 
_ mation can serve as a standard of comparison for the 
` patient in performing home and work-related activities. 
Also specific weight guidelines for carrying and lifting 
in. be given to the patient. Generally the more de- 
~ manding static and static-dynamic activities of daily liv- 
ing involve carrying or lifting. 
: Another advantage of the weight carrying test is 
that it allows the patient to experience handling a 
weight load that is within his/her tolerance. Cardiac pa- 
tients often have distorted perceptions of their physical 
capabilities, particularly those requiring static effort. 
Many see themselves as more severely impaired than 
they really are. It has been demonstrated that one of the 
more effective ways to alter this misconception is to 
have the person perform the feared activity.!4 Thus, a 
weight carrying test not only provides the physician 
with useful information regarding the patient’s toler- 
ance for common static activities of daily living, but the 
-patient also gains a better perception of his/her toler- 
ance for work requiring a significant static exercise 
< component. This, in turn, may result in more realistic 





























attitudes about performing static and static-dynamic ac- _ 
tivities after a cardiac’ event. 3 
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TRIAL OF TISSUE PLASMINOGEN ACTIVATOR FOR MORTALITY 
REDUCTION IN ACUTE MYOCARDIAL INFARCTION 











j ** Anglo-Scandinavian Study of Early Thrombol 

MORTALITY AT ONE MONTH (ASSET): Patients admitted to fifty-two coronar 

care units with suspected acute myocardia al 

ALL PATIENTS infarction were considered for inclusion in - 

a double-blind study comparing recombi nan 
tissue-type plasminogen activator (rt-PA) 
100 mg plus heparin with panes plus heparin. 

2,514 patients were randomly allocated to rEPA 
and 2499 to placebo. All patients received ~ 

Activase® within 5 hours of onset of symptoms. 


Recombinant tissue-type plasminogen activator 
(rt-PA) was given as a bolus dose of 10 mg fol- 
lowed by an infusion of 50 mg in 1 hr and then 
20 mg in each of the next 2 hrs. The same pro- 
cedure was followed with the placebo material. 
ee .: All patients were given an initial bolus dose- 

. of intravenous heparin 5000 units, and, afte 
CONTAE p=0001 METAS administration of rt-PA or placebo, a hepari 
infusion of 1000 units/hr was admin n istered 
for 21 hrs: 
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26% REDUCTION 















Aspirin not used in ASSET study 


Please see brief summary of prescribing 
information on last page of this advertisement. 





Supported by ECSG' with a low mortality rate 


MORTALITY RATES: Patients treated MORTALITY RATES: 
within 3 hours of Onset of symptoms All patients treated 


ASA and heparin ‘Activase: plus ASA and heparin Activase* plus 
vee ASA and heparin ASA and heparin 
ip= 0.02 ; ; 1p=0.05 


+The European Cooperative Study Group (ECSG): -= 
26 participating centers conducted a double- : 
blind, placebo-contralled trial of Activase® 
in patients with acute myocardial infarction 
(N= 721). The purpose of the study was to ` 


~ assess the effect of Activase® on size of infarct. 


left ventricular function and survival in acute 
myocardial infarction as a secondary end point. 


- Patients aged 21-71 with ECG evidence of acute 


Mi were eligible for the trial. All patients in the 


< trial were given 250 mg of ASA anda bolus = 
injection of 5000 IU heparin before the start of 
_ the trial, All patients received the study drug 


within 5 hours of onset of symptoms. Patients 
in the treatment group were given 100 mg of - 
Activase” over 3 hours (10 mg IV bolus, 50 mg 
infused during the first hour and 40 mg infused 
over the next two hours). Controls were given 
placebo by the same method? — 


“Although these data do not demonstrate unequivocally a significant 
reduction in mortality for this study, they do indicate a trend that 


is supported by the results of the ASSET study. 
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-Natural proteinequivalentto = os : 
human tissue plasminogen activator 


5 NO DRUG-INDUCED HYPOTENSION 


No reported episodes of infusion- related hypotensi lon requiri 
emergency intervention : 


js >) NO ANAPHYLACTIC REACTIONS 


No pattern of serious or life-threatening allergic react ons © 
has been reported 3 


© NO REACTION WITH ANTISTREPTOCOCCAL ANTIBODIES 


Because Activase is a recombinant natural protei in, it does not ice 
with antistreptococcal antibodies, thereby reducing the concern - 
regarding therapeutic failures oe 


ng 


















Short half-life and fibrin specificity compatible with invasive teapa c 
_ intervention, e.g., hemodynamic monitoring, angioplasty or a : 
coronary artery bypass surgery (CABG) o 


Please see brief summary of prescribing 
information on last page of this advertisement. 








Low incidence of intracranial bleeding 
~ even when used with aspirin 


-In the TIMI-II study, where 2,952 
patients were treated with heparin, 
aspirin and 100 mg of Activase« 
the incidence of hemorrhagic 
stroke was 0.5%’ 


Occurrence of stroke comparable to placebo 


Data from the ASSET study 
(N = 5013) reported the 
overall risk of post-MI stroke 
with Activase* (11%) was 
comparable to placebo (10%): 















~ Bleeding is the most common complication of thrombolytic therapy, with 
intracranial bleeding being the most serious. Activase’ is contraindicated 
in patients with: active internal bleeding, history of cerebrovascular acci- 
dent, recent (within two months) intracranial or intraspinal surgery or 
trauma, intracranial neoplasm, arteriovenous malformation, or aneurysm, 
known bleeding diathesis, severe uncontrolled hypertension. (See 
WARNINGS section of brief summary of prescribing information.) 


Please see brief summary of prescribing 
information on last page of this advertisement, 




















- Therapeutic window within 6 hours of 


_ onset of symptoms 2 
The benefits of thrombolytic activity are demonstrated up to 6 hours 
after the onset of symptoms 


Therapeutic benefits in patients up to 


75 years of age 
Proven reduction in mortality in patients up to 75 years of age when 
used within 5 hours of acute MI onset’ 


‘Easy-to-follow dosing guidelines = Oe a 


Standard dose: 100 mg 
For patients less than 65 kg: 125 mg/kg 


Initiate lytic dose as follows: 60% of total therapeutic dose 
should be administered in the first hour of which 6-10 mg 

should be administered as bolus. The remaining 40% 
is delivered over the next 2 hours. 
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ALTEPLASE RECOMBIN 


_ATISSUE PLASMINOGEN ACTIVATOR 


Brief Summary 
Consult full prescribing information before using. 


INDICATIONS AND USAGE: ACTIVASE® is indicated for use in the management of acute myocardial 
infarction (AMI) in adults for the lysis of thrombi obstructing coronary arteries, the reduction of infarct 
size, the improvement of ventricular function following AMI, the reduction of the incidence of conges- 
tive heart failure and the reduction of mortality associated with AMI, Treatment should be initiated as 
soon as possible after the onset of AMI symptoms. 
CONTRAINDICATIONS: Because thrombolytic therapy increases the risk of bleeding, ACTIVASE® 
is contraindicated in the following situations: - Active internal bleeding - History of cerebrovascu- 
lar accident - Recent (within two months) intracranial or intraspinal surgery or trauma (see 
WARNINGS) - intracranial neoplasm, arteriovenous malformation, or aneurysm « Known bleeding 
diathesis - Severe uncontrolled hypertension. 
WARNINGS: Bleeding The most common complication encountered during ACTIVASE® therapy is 
bleeding. The type of bleeding associated with thrombolytic therapy can be divided into two broad 
j Categories: + Internal bleeding involving the gastrointestinal or genitourinary tract, or retroperitoneal or 
«intracranial sites + Superficial or surface bleeding, observed mainly at invaded or disturbed sites (e.g. 
sites of venous cutdown, arterial puncture, recent surgical intervention). 

Concomitant use of heparin anticoagulation may contribute to bleeding. Some hemorrhagic episodes 
Occurred one or more days after the effects of ACTIVASE® had dissipated, but while heparin therapy 
was continuing. 

As fibrin is lysed during ACTIVASE® therapy, bleeding from recent puncture sites may occur. 
Therefore, thrombolytic therapy requires careful attention to all potential bleeding sites (including sites 
of catheter insertion, arterial and venous puncture, cutdown and needle puncture). 

Intramuscular injections and nonessential handling of the patient should be avoided during treatment 
with ACTIVASE® Venipunctures should be performed carefully and only as required. 

‘Should an arterial! puncture be necessary during an infusion of ACTIVASE® it is preferable to use an 
upper extremity vessel accessible to manual compression. Pressure should be applied for at least 30 
minutes, a pressure dressing applied and the puncture site checked frequently for evidence of bleeding. 

Should serious bleeding (not controllable by focal pressure} occur, the infusion of ACTIVASE® and 
any concomitant heparin should be terminated immediately. 

Each patient being considered for therapy with ACTIVASE® should be carefully evaluated and antici- 
pated benefits weighed against potential risks associated with therapy. 

In the following conditions, the risks of ACTIVASE® therapy may be increased and should be weighed 
against the anticipated benefits: « Recent (within 10 days) major surgery, obstetrical delivery, organ 
biopsy, previous puncture of noncompressible vessels + Cerebrovascular disease « Recent (within 10 
days) gastrointestinal or genitourinary bleeding + Recent (within 10 days) trauma + Hypertension: 
systolic BP= 180 mm Hg and/or diastolic BP= 110 mm Hg « High likelihood of left heart thrombus, e.g., 
mitrat stenosis with atrial fibrillation + Acute pericarditis e Subacute bacterial endocarditis « Hemostatic 
defects including those secondary to severe hepatic or renal disease « Significant liver dysfunction « 
Pregnancy + Diabetic hemorrhagic retinopathy, or other hemorrhagic ophthalmic conditions e Septic 
thrombophlebitis or occluded AV cannula at seriously infected site + Advanced age, i.e., over 75 years 
old + Patients currently receiving oral anticoagulants + Any other condition in which bleeding constitutes 
a significant hazard or would be particularly difficult to manage because of its location. 

Arrhythmias Coronary thrombolysis may result in arrhythmias associated with reperfusion. These 
arrhythmias are not different from those often seen in the ordinary course of AMI and may be managed 
with standard antiarrhythmic measures. It is recommended that antiarrhythmic therapy for bradycardia 
and/or ventricular irritability be available when infusions of ACTIVASE® are administered. 
PRECAUTIONS: General Standard management of Mi should be implemented concomitantly with 
ACTIVASE® treatment. Noncompressibie arterial puncture must be avoided. Arterial and venous punc- 
tures should be minimized. in the event of serious bleeding, ACTIVASE® and heparin should be 
discontinued immediately. Heparin etfects can be reversed by protamine. 

Readministration There is no experience with readministration of ACTIVASE® if anaphylactoid reaction 
occurs, infusion should be discontinued immediately and appropriate therapy initiated, 

Although sustained antibody formation in patients receiving one dose of ACTIVASE® has not been 
documented, readministration should be undertaken with caution. 

Laboratory Tests During ACTIVASE® therapy, results of coagulation tests and/or measures of fibrino- 
lytic activity may be unreliable unless specific precautions are taken to prevent in vitro artifacts. 
ACTIVASE® is an enzyme that when present in blood in pharmacologic concentrations remains active 
under in vitro conditions. This can lead to degradation of fibrinogen in blood samples removed tor 
analysis. Collection of blood samples in the presence of aprotinin (150-200 units/mL) can to some 
extent mitigate this phenomenon. 

Drug interactions The interaction of ACTIVASE® with other cardioactive drugs has not been studied. In 
addition to bleeding associated with heparin and vitamin K antagonists, drugs that alter platelet function 
may increase the risk of bleeding if administered prior to, during or after ACTIVASE® therapy. 

Use of Anticoagulants Heparin has been administered concomitantly with and following infusions of 
ACTIVASE® to reduce the risk of rethrombosis. Because either heparin or ACTIVASE® alone may cause 
bleeding complications, careful monitoring for bleeding is advised, especially at arterial puncture sites. 
Pregnancy (Category C) Animal reproduction studies have not been conducted with ACTIVASE® It is 
also not known whether ACTIVASE® can cause fetal harm when administered to a pregnant woman 
or can affect reproduction capacity. ACTIVASE® should be given to a pregnant woman only if 
Clearly needed. 

Pediatric Use Safety and effectiveness of ACTIVASE® in children has not been established. 
Carcinogenesis, Mutagenesis, Impairment of Fertility Long-term studies in animals have not been 
performed to evaluate the carcinogenic potential or the effect on fertility. Short-term studies, which 
evaluated tumorigenicity of ACTIVASE® and effect on tumor metastases in rodents, were negative. 

Studies to determine mutagenicity (Ames test) and chromosomal aberration assays in human 
lymphocytes were negative at all concentrations tested. Cytotoxicity, as reflected by a decrease 
in mitotic index, was evidenced only after prolonged exposure and only at the highest concentra- 
tions tested. 

Nursing Mothers It is not known whether ACTIVASE® is excreted in human milk. Because many 
drugs are excreted in human milk, caution should be exercised when ACTIVASE® is administered to a 
nursing woman. 

ADVERSE REACTIONS: Bleeding The most frequent adverse reaction associated with ACTIVASE® is 
bleeding. The type of bleeding associated with thrombolytic therapy can be divided into two broad 
categories: + internal bleeding involving the gastrointestinal or genitourinary tract, or retroperitoneal or 
intracranial sites + Superficial or surface bleeding, observed mainly at invaded or disturbed sites {e.g., 
sites of venous cutdown, arterial puncture, recent surgical intervention). 

Ps: The following incidence ot significant internal bleeding (estimated as >250 cc blood loss) has been 
_feported in studies-in over 800 patients treated at all doses: 


Total Dose = 100 mg Total Dose > 100 mg 
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The incidence of intracranial bleeding in patients treated with ACTIVASE® Alteplase, recombinant, isas follows: 
Dose 





Number of Patients 


100 mg 3272 
150 mg 1779 
1-44 mg/kg 237 


These data indicate that a dose of 150 mg of ACTIVASE® should not be used because it has been: 
associated with an increase in intracranial bleeding. on 
Recent data indicate that the incidence of stroke in 6 randomized double-blind placebo controlled 
trials? is not signficantly different in the ACTIVASE® treated patients compared to those treated with 
placebo (37/3161, 1.2% versus 27/3092, 0.9%, respectively) (p = 0.26}. ee a 
Should serious bleeding in a critical location (intracranial, gastrointestinal, retroperitoneal, perica 
dial) occur, ACTIVASE® therapy shouid be discontinued immediately, along with any concomitant 
therapy with heparin. Hegre 
Fibrin, which is part of the hemostatic plug formed at needle puncture sites, will be lysed 
ACTIVASE® therapy. Therefore, ACTIVASE® therapy requires careful attention to potentiat bleeding 
Allergic Reactions No serious or life-threatening allergic reactions have been reported. Other 
Pl selgepeohed reactions such as urticaria have been observed occasionally “oe : 
Other Adverse Reactions Other adverse reactions have been reported, principally nausea and/or 
vomiting, hypotension, and fever. These reactions are frequent sequelae of Mi and may or- may not 
attributable to ACTIVASE® therapy. : 


DOSAGE AND ADMINISTRATION: Administer ACTIVASE® as soon as possible after the onset 
of symptoms. i 
ACTIVASE® is for intravenous administration only. i 

The recommended dose is 100 mg administered as 60 mg (34.8 million IU) in the first hour {of which 
6 to 10 mg is administered as a bolus over the first 1-2 minutes), 20 mg (11.6 million IU) over the sec 
hour, and 20 mg (11.6 million IU) over the third hour. For smaller patients (less than 65 kg); -a dose 
1.25 mg/kg administered over 3 hours, as described above, may be used8 me 


A DOSE OF 150 MG OF ACTIVASE® SHOULD NOT BE USED BECAUSE IT HAS BEEN ASSOCIAT! 
WITH AN INCREASE IN INTRACRANIAL BLEEDING. 5 oe 
Although the use of anticoagulants and antiplatelet drugs during and following admiristr 
ACTIVASE® has not been shown to be of unequivocal benefit. heparin has been administered ci 
tantly for 24 hours or longer in more than 90% of patients. Aspirin and/or dipyridamole have been given 
either during and/or following heparin treatment. 
Reconstitution and Dilution DO NOT USE IF VACUUM IS NOT PRESENT. 
ACTIVASE® should be reconstituted by aseptically adding the appropriate volume of thea i 
ing Sterile Water for injection, USP to the vial. It is important that ACTIVASE® be reconstituted o r 
Sterile Water for injection, USP without preservatives. Do not use Bacteriostatic Water for ject 
USP The reconstituted preparation results in a colorless to pale yellow transparent solution containi 
P mg/mL at approximately pH 73. The osmolality of this solution is. approxima’ 
mOsm/kg. i 
Because ACTIVASE® contains no antibacterial preservatives, it should be reconstituted immedia 
before use. The solution may be used for intravenous administration within 8 hours following recons 
tution when stored between 2-30°C. Before further dilution or administration, the product should be 
visually inspected for particulate matter and discoloration prior to administration whenever solution and 
container permit. a 
ACTIVASE® is stable for up to 8 hours in these solutions at room temperature. Exposure td igh 
no effect on the stability of these solutions. Excessive agitation during dilution should be avo 
mixing should be accomplished with gentle swirling and/or slow inversion. Do not use ‘other inf 
solutions, e.g., Sterile Water for Injection, USP or preservative-containing solutions for further dilu 
No other medication should be added to infusion solutions containing ACTIVASE® Any unu 
infusion solution should be discarded. i se $ 
HOW SUPPLIED: ACTIVASE® is supplied as a sterile, lyophilized powder in 20. mg. ang 50 
containing vacuum, each packaged with diluent for reconstitution. i; 
Storage Store lyophilized ACTIVASE® at controlled room temperature not to exceed 30° OF 
under refrigeration (2-8°C/36-46°F), Protect the lyophilized materia! during extended: s rage from 
excessive exposure to light. cs 
Do not use beyond the expiration date stamped on the vial. 
ACTIVASE® Alteplase, recombinant 
Manufactured by 
GENENTECH® INC. 
460 Point San Bruno Bivd. 
South San Francisco, CA 94080 
April, 1989 
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Electrode Pad Size, Transthoracic Impedan e anc 
Success of External Ventricular Defibrillation 


Gavin W.N. Dalzell, MD, Stephen R. Cunningham, MD, John Anderson, PhD, 
and A.A. Jennifer Adgey, MD 


Electrode pad size is an important determinant of 
transthoracic current flow during external counter- 
shock. Self-adhesive, dual function electrocardio- 
gram/defibrillator pads were used to assess the ef- 
fect of electrode pad size on defibrillation success 
with low energy (200 J) shocks. The study ana- 
lyzed 123 cardiac arrests due to primary ventricu- 
lar fibrillation (VF) in 105 patients (74 men, 31 
women) ages 40 to 84 years (mean 64). Trans- 
thoracic impedance was measured before defibrilla- 
tion using a low amplitude 30-kHz current passed 
through the chest by way of the electrocardiogram/ 
defibrillator pads applied anteroanteriorly. Pad di- 
ameters were small (8/8 cm) in 26 cardiac arrests, 
intermediate (8/12 cm) in 63 arrests and large (12/ 
12 cm) in 34 cardiac arrests. Transthoracic imped- 
ance decreased with increasing pad size (112 + 17 
vs 92 + 22 vs 72 + 14 Q, respectively, p = 
0.0001). Only the first episode of primary VF dur- 
ing a cardiac arrest was analyzed. A single shock 
of 200 J (delivered energy) was successful in 8 of 
26 (31%) arrests using small pads, in 40 of 63 
(63%) with intermediate pads and in 28 of 34 
(82%) with large pads (p = 0.0003). A second 
200-J shock increased the cumulative defibrillation 
rates to 12 of 26 (46%), 50 of 63 (79%) and 33 of 
34 (97%), respectively (p < 0.0001). In primary 
VF, larger self-adhesive electrocardiogram/defibril- 
lator pads are associated with a lower transthorac- 
ic impedance and improved defibrillation success 
rates with low energy shocks. 

(Am J Cardiol 1989;64:741-—744) 
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tionized the practice of emergency care since its 

widespread introduction over 20 years ago. For- 
successful defibrillation, an adequate intracardiac c 
rent is required to depolarize a critical mass of myoca: 
dium.' The main determinants of transthoracic current 
flow during electrical countershock are the selected ¢ 
ergy and the transthoracic impedance. Electrode size 
has been shown to influence transthoracic impedance,? — 
but no study in humans has yet demonstrated ani 
proved external defibrillation success rate with 
electrodes. 

The concept of self-adhesive, preapplied elec 

pads was suggested in 1978, but it was not until 19 
that Kerber et al* reported on the efficacy of preap 
self-adhesive, dual function electrocardiogram/defi 
lator pads (R2 Corp.) for defibrillation and cardiov 
sion. These pads offer the advantages of a high qual 
electrocardiogram signal for monitoring during a 
ac arrest, good adhesive qualities to ensure consisten 
accurate electrode placement throughout the arres 
increased operator safety. It was suggested that thes 
pads were as effective in terms of defibrillation success 
as standard hand-held paddles. Stults et al® also sug. 
gested that self-adhesive monitor defibrillation pads a 
superior to standard monitoring leads and hand-hel 
electrode paddles in the management of ventricular 
brillation (VF) before hospitalization. This superiori 
was said to be mainly due to less artifact, quicker deliv. 
ery of shock and improved defibrillation technique in 
comparison with hand-held paddles. This study reports 
our findings on this type of electrode pad, and highlights 
the effect of pad size on transthoracic impedance and 
defibrillation success rates. The results are presented o 
a comparison between small, intermediate and large 
pads, with their transthoracic impedance and ventricu-. 
lar defibrillation success rates. 


METHODS : 
The pregelled, self-adhesive electrocardiogram /defi- 
brillator electrode pads used in this study (Figure 1) 
consist of foil electrodes covered by stannous chloride as 
the interface between the electrodes and the chest wall 
The backing is nonconductive. The electrode pad has an — 
adhesive outer ring. In all cardiac arrests these pads 
were applied in the anteroanterior position, that is, 
pad applied adjacent to the sternum just below the right _ 
clavicle and the other pad over the cardiac apex. 
tients in whom: pad position was deemed to ha 
imal 


D efibrillation by electrical countershock has revolu- 


























































Transthoracic impedance was measured immediate- 
ly upon application of the electrode pads to the chest 
and before the countershock. A 30-kHz low amplitude 
(106 uA) current is passed through the chest by way of 
the electrode pads, and the resultant voltage developed 
is proportional to the impedance. This technique accu- 
rately predicts the actual transthoracic impedance for a 
defibrillatory countershock.’ 

There were 123 cardiac arrests due to primary VF 
(occurring in the absence of cardiac failure or hypoten- 
sion) in 105 patients (74 men, 31 women) ages 40 to 84 
years (mean 64) first treated in or outside a hospital. 
Only the first episode of VF during each cardiac arrest 
was included for analysis, as actual transthoracic im- 
pedance is known to decrease with successive shocks.’ 
A recurrence of VF in a patient was only considered for 
analysis as a separate cardiac arrest if it occurred 230 
minutes after its correction and the establishment of 
satisfactory circulation.!° Shocks of 200 J (delivered en- 
ergy) were used in this study. Defibrillation was defined 
as the electrical conversion of VF to any other rhythm 
or to asystole. 

Initially, the diameter of both self-adhesive electrode 
pads was 8 cm (small). It was noted that high imped- 
ance values were obtained and that defibrillation suc- 
cess rates were much lower than those previously re- 
ported from our unit using 8.5-cm hand-held metal elec- 
trode paddles.!! It was decided that this pad size was 
unsuitable for clinical use and, subsequently, intermedi- 
ate-size pads (8-cm apex, 12-cm parasternal) were used. 
‘Despite a reduction in impedance and an increase in 

defibrillation success rates, the first-shock success rate 

was still less than that reported in the previous Belfast 
study,!! in which Campbell et al had reported a first- 
shock success rate of 85.4% (199 of 233). In that study, 

‘using hand-held electrode paddles with a low resistivity 

-saline electrode jelly as interface, 200-J (stored energy) 
: shocks removed 222 of 233 (95%) episodes of VF. Of 

note, shocks of 200-J stored energy were used, equiva- 

lent to only 150 to 165 J of delivered energy. 
It was therefore decided to use large pads (both pads 

12 ¢m in diameter) in an attempt to further improve the 


FIGURE 1, The 12/12-cm R2 electrocardiogram/defibrillator 

j electrode pads, with (lefi) and without (right) the pregelled 

-1 stannous chloride pad that interfaces between the foil 
evrede and tho akin. Daly Ibe anor ring Ie adhari. 
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defibrillation success rate. For each period of time, only 
1 size of electrode pads (small, intermediate or large) 
was used. The distribution of cardiac arrests and acute 
myocardial infarction within these time periods was 
similar. The electrode pad area was calculated by ar? 
where r (radius) = diameter/2. 

Results are expressed as mean + 1 standard devi- 
ation. Statistical analysis of continuous variables was 
performed using the Student ż test, and comparison of 
defibrillation success rates was made using chi-square 
analysis. A significance level of p <0.05 was used. 


RESULTS 

Using small electrode pads in 26 cardiac arrests, the 
mean transthoracic impedance was 112.2 + 17 a. For 
63 episodes of VF in the intermediate pad group, the 
mean transthoracic impedance was 92.3 + 22 o. Using 
large pads in 34 arrests, the mean transthoracic imped- 
ance was 71.6 + 14 9. Thus, impedance declined signifi- 
cantly as pad size increased (p = 0.0001) (Figure 2). 

A single shock of 200 J was successful in 28 of 34 
(82%) episodes using large electrode pads, compared 
with 40 of 63 (63%) using intermediate pads and only 
31% (8 of 26) using small pads (p = 0.0003) (Figure 3). 
A second 200-J shock increased the cumulative defibril- 
lation rates to 97% (33 of 34) for large pads, 50 of 63 
(79%) for intermediate pads and 46% (12 of 26) for 
small pads (p <0.0001) (Figure 4). 


DISCUSSION 

As shown in this study, when disposable electrocar- 
diogram/defibrillator electrode pads are used in pa- 
tients with primary VF, an increase in electrode pad 
area results in a lower transthoracic impedance. Also, 
these results provide the first evidence that larger pads 
are associated with improved success rates for transtho- 
racic ventricular defibrillation in human patients. The 
progressive stepwise nature of our discoveries and the 
changes in electrode pad size precluded a formal ran- 
domized study for ethical reasons. We believe, however, 
that a comparison between the groups is valid, because 
for fixed periods of time only 1 pad size was used and 
the distribution of cardiac arrests and acute myocardial 
infarction within these time periods was similar. 

Guyton and Satterfield!? studied the effect of elec- 
trode size on direct and external defibrillation of the 
canine heart, and in both instances found the larger 
electrodes to be more effective for defibrillation than 
the smaller ones. Kugelberg!? commented that, “with 
greater surfaces the resistance will decrease with an in- 
crease of current.” 

Larger electrodes may also be safer. Dahl et al!4 re- 
ported less myocardial necrosis from repeated direct 
current defibrillation discharges delivered to the chest 
wall of animals by 12.8-cm-diameter paddles, compared 
with 8-cm- or 4.3-cm-diameter paddles. 

The effectiveness of electrodes 8.0 and 12.8 cm in 
diameter, and even larger (13/20 cm), applied transtho- 
racically, i in defibrillating VF has been compared in ca- 
nine studies. 15,16 Although the transthoracic impedance 








- was lowest for the largest electrode pads, the defibrilla- 

tion success rate with 50-watt-second shocks for the 13/ 
20-cm pads was lower than for the 12.8-cm-diameter 
electrode (33 vs 83%). It has been shown!’ that intra- 
cardiac current density is maximal at a certain paddle 
size, and that increases in electrode area beyond that 
size cause a decline in current density. Thus, it is likely 
that there exists an optimal electrode size, above which 
defibrillation success should decrease. In direct internal 
defibrillation, the use of larger contoured epicardial 
patch electrodes (33/39 cm?) is associated with lower 
defibrillation thresholds than the use of 10-cm? flat 
patch electrodes. !8 

However, conclusive proof that larger electrodes im- 
prove human external defibrillation success rates has re- 
mained elusive. A comparison of hand-held electrode 
paddles with diameters of 8.5/8.5, 8.5/13 and 13/13 
cm in emergency defibrillation!? showed lower imped- 
ance and higher current flow in patients with at least 
one 13-cm paddle electrode. In another study,” the 
same group used similar paddle size combinations for 
defibrillation of VF in 183 patients, and found no differ- 
ence in transthoracic impedance between the groups 
who received shocks from standard or large-sized pad- 
dies. There were no differences in cumulative defibrilla- 
tion rates or first-shock success rate between standard 
and large-sized electrode paddles. The investigators ad- 
mitted that this contradicted their previous findings of 
reduced impedance with larger pads.!9 Atkins et al?! 
have shown that the use of small (21 cm?) electrodes in 
children is associated with a high transthoracic imped- 
ance, but did not relate this to defibrillation success. 

Our results have demonstrated increased defibrilla- 
tion success rates as electrode pad size increases, accom- 
panied by a decrease in transthoracic impedance. How- 
ever, it may not necessarily be a valid conclusion that 
the improved results are due to the reduction in imped- 
ance per se. As we have shown in another study,?? when 
pad size is kept constant, transthoracic impedance does 
not determine first-shock success. In that study,?? using 
8/12-cm pads, those patients with a transthoracic im- 
pedance 2115 o (similar to the mean impedance for 8/ 
8-cm pads) did not have a significantly different success 
rate from those with a lower transthoracic impedance. 
Ewy!® also noted no significant difference in the trans- 
thoracic impedance of animals who were successfully 
defibrillated using 13/20-cm paddles and those who 
were not. It seems likely that the important factor is the 
area of the electrode pad itself. Larger electrode pads 
presumably generate a larger electrostatic field. 

One important difference between our study and 
others regarding electrode size is our use of self-adhe- 
sive electrocardiogram defibrillator pads. It is conceiv- 
able that the larger (13-cm-diameter) hand-held pad- 
dies used by Kerber et al? may not have had 100% 
contact with the chest. The self-adhesive electrodes, 
however, mould themselves to the curvature of the hu- 


man chest. 


_ Despite improved success rates with large self-adhe- 
electrode pads, the reason for the difference be- 
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FIGURE 2. EHect of electrode pad size on mean transthoracic 
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FIGURE 3. Comparison of 3 electrode pad size groups for : 
first-shock (200 J) success rates for primary VF. Success of © 
defibrillation improves significantly with increasing pad size. 
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FIGURE 4. Comparison of 3 electrode pad size groups for ae : 
cumulative success rates (2 xX 200 J) for primary VF. The 
Success of low areca shacks is tapandan on pad diae. 





tween our results and those previously published by the 
Belfast group using 8.5/8.5-cm hand-held paddles!! re- 
mains unexplained. We have only achieved comparable 
first-shock success rates for primary VF by increasing 
the surface area of each electrode by approximately 
100%. An important difference is that no pressure is 
-applied to self-adhesive electrode pads, and it has been 
suggested that this could result in higher impedance.!9 
We have measured impedance before and after apply- 
ing firm pressure over the electrode pads in several pa- 
tients, and found reductions of only 2 to 3 a; these 
-= changes are not likely to be of clinical significance. 
< Also, the electrode skin interface is important in that 
different gels may have different impedances.” Fur- 
< thermore, closer examination of the R2 pad reveals an- 
_ other reason for the reduced performance. The foil elec- 
‘trode itself (Figure 1) has a diameter 1 cm less than 
that of the pregelled interface. Thus, for a pad that su- 
perficially appears to have a diameter of 8 cm, the true 
diameter of the defibrillating electrode is 7 cm. The cor- 
_respondingly lower electrode area of 38.5 cm? compares 
unfavorably with that of 56.8 cm? for an 8.5-cm hand- 
held electrode. 
Although the optimal electrode size for human defi- 
_ brillation remains to be determined, even larger pads 
-may be associated with a lower transthoracic imped- 
ance, and this may permit defibrillation at lower 
energies. 
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__ BRIEF SUMMARY (FOR FULL PRESCRIBING INFORMATION, SEE PACKAGE CIRCULAR, 
_INDERAL® LA brand of propranolol hydrochloride (Long Acting Capsules) — 









DESCRIPTION. INDERAL LA is formulated to provide a sustained release of propranolol 
‘hydrochloride. INDERAL LA is available as 60 mg, 80 mg, 120 mg, and 160 mg capsules. 


CLINICAL PHARMACOLOGY. INDERAL is a nonselective, beta-adrenergic receptor- 

blocking agent possessing no other autonomic nervous system activity. It specifically com- 
< petes. with beta-adrenergic receptor-stimulating agents for available receptor sites. When 
access to beta-receptor sites is blocked by INDERAL. the chronotropic, inotropic, and vaso- 
dilator responses to beta-adrenergic stimulation are decreased proportionately. 

INDERAL LA Capsules (60, 80, 120, and 160 mg) release propranolol HCi at a controlled and 

“oo predictabie rate. Peak bicod levels following dosing with INDERAL LA occur at about 6 hours 
sand the apparent plasma half-life is about 10 hours. When measured at steady state over a 
24-hour period the areas under the propranolol plasma concentration-time curve (AUCs) for 
the capsules are approximately 60% to 65% of the AUCs tor a comparable divided daily dose 
ofINDERAL Tablets. The lower AUCs for the capsules are due to greater hepatic metabolism of 
propranolol, resulting from the slower rate of absorption of propranoic!. Over a twenty-four (24) 
ngur period. blood levels are fairly constant for about twelve (12) hours then decline exponen- 
jaliy: 
INDERAL LA shouid not be considered a simple mg-for-mg substitute tor conventional 
propranolol and the blood levels achieved do not match (are lower than) those of two to four 
times daily dosing with the same dose. When changing to INDERAL LA from conventional 
propranolol, a possible need for retitration upwards should be considered especially to main- 
tain effectiveness at the end of the dosing interval. in most clinical settings, however, such as 
hypertension or angina where there is little correlation between plasma levels and clinical 
effect, INDERAL LA has been therapeutically equivalent to the same mg dose of conventional 
J ANDERAL as assessed by 24-hour effects on blood pressure and on 24-hour exercise re- 
sponses cfheart rate, systolic pressure, and rate pressure product. INDERAL LA can provide 
`: effective beta blockade for a 24-hour period 


INDICATIONS AND USAGE. Hypertension: INDERAL LA is indicated in the manage- 
ment of hypertension; it may be used alone or used in combination with other antihypertensive 
“agents, particularly a thiazide diuretic. INDERAL LA is not indicated in the management of 


hypertensive emergencies 
Angina: Pectoris Due to Coronary Atherosclerosis: |NDERAL LA is indicated for the 
lon management of patients with angina pectoris 
Bake ines INDERAL. LA is indicated for the prophylaxis of common migraine headache. 
~The efficacy of propranolol in the treatment of a migraine attack that has started has not been 
established and propranolol is not indicated for such use. 
t Subaortic Stenosis: INDERAL LA is useful in the management of hyper- 
“trophic subaortic stenosis, especially for treatment of exertional or other stress-induced 
angina. palpitations, and syncope. INDERAL LA aiso improves exercise performance. The 
effectiveness of propranolol hydrochloride in this disease appears to be due to a reduction of 
the elevated outflow pressure gradient which is exacerbated by beta-receptor stimulation, 
Clinical improvement may be temporary. 


“GCONTRAINDICATIONS. INDERAL is contraindicated in 1) cardiogenic shock: 2) sinus 
_bradycarelia and greater than first-degree 



















































Beta-adrenorecepior biockade can cause reduction of intraocular pressure: Patients should 
‘be told that INDERAL may interfere with the glaucoma screening test. Withdrawal may leadioa 
return of increased intraocular pressure. a Pdi 

CLINICAL LABORATORY TESTS: Elevated blood urea levels in patients with severe heart 
disease, elevated serum transaminase, alkaline phosphatase. lactate dehydrogenase. 

DRUG INTERACTIONS. Patients ae: catecholamine-depieting drugs such as reser 
pine should be closely observed if INDERAL {propranolol HC) is administered. The added 
catecholamine-biocking action may produce an excessive reduction of resting sympathetic 
nervous activity which may result in hypotension, marked bradycardia, vertigo, syncopal 
attacks, or orthostatic hypotension. 

Caution should be exercised when patients receiving a beta blocker are administered a 
calcium-channel-blocking drug, especially intravenous verapamil, for both agents may de- 
press myocardial contractility or atrioventricular conduction. On rare occasions, the concomi- 
tant intravenous use of a beta blocker and verapamil has resulted in serious adverse reactions, 
especially in patients with severe cardiomyopathy, congestive heart failure, or recent myocar- 
dial infarction 

Aluminum hydroxide gel greatly reduces intestinal absorption of propranolol 

Ethanol slows the rate of absorption of propranolol 

Phenytoin, phenobarbitone, and ritampin accelerate propranolol clearance, 

Chlorpromazine, when used concomitantly with propranolol. results in increased plasma 
levels of both drugs 

Antipyrine and lidocaine have reduced clearance when used concomitantly with 
propranolot 

Thyroxine may result in a lower than expected Ta concentration when used concomitantly 
with propranolol 

Cimetidine decreases the hepatic metabolism of propranolol, delaying elimination and 
increasing blood levels 

Theophylline clearance is reduced when used concomitantly with propranolol 

CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Long-term studies in 
animals have been conducted to evaluate toxic effects and carcinogenic potential. In 18- 
month studies in both rats and mice, employing doses up to 150 mg/kg/day, there was no 
evidence of significant drug-induced toxicity. There were no drug-related tumorigenic effects 
at any of the dosage levels. Reproductive studies in animats did not show any impairment of 
fertility that was attributable to the drug. 

PREGNANCY: Pregnancy Category C. INDERAL has been shown to be embryotoxic in 
animal studies at doses about 10 times greater than the maximum recommended human dose 

There are no adequate and well-controlled studies in pregnant women, INDERAL should be 
used during pregnancy only if the potentiai benefit justifies the potential risk to the fetus 

NURSING MOTHERS: INDERAL is excreted in hurnan milk. Caution should be exercised 
when INDERAL is administered to a nursing woman 

PEDIATRIC USE: Safety and effectiveness in children have not been established. 










ADVERSE REACTIONS. Mos! adverse effects have been mild and transient and have rarely 
required the withdrawal of therapy. 

ardiovascular: Bradycardia, congestive heart failure: intensification of AV block; hypoten- 
sion; paresthesia of hands; thrombocytopenic purpura; arterial insufficiency, usually of the 
Raynaud type. 

entral Nervous System: Light-headedness: mental depression manifested by insomnia, 
lassitude, weakness, fatigue, reversible mental depression progressing to catatonia; visual 
disturbances, hallucinations: vivid dreams; an 





‘block; 3} bronchial asthma; 4} congestive heart 

failure (see WARNINGS) uniess the failure is 

‘secondary to a tachyarrhythmia treatable with 
“INDERAL. 


“WARNINGS, CARDIAC FAILURE: Sympa- 
“thetic stimulation may be a vital component 
supporting circulatory function in patients with 
“Congestive heart failure, and its inhibition by 
beta-blecxade may precipitate more severe 
failure. Although beta blockers should be 
avoided in overt congestive heart failure, if nec- 
essary, they can be used with close follow-up in 
patients with a history of faiture who are well Ta 
= compensated and are receiving digitalis and 
i putts: Powadrenergie blocking agents do not abolish the inotropic action of digitalis on 
«heart muscle. 
IN- PATIENTS WITHOUT A HISTORY OF HEART FAILURE, continued use of beta blockers 
oetan,in-same cases, lead to cardiac failure. Therefore, at the first sign or symptom of heart 
“failure, the patient should be digitalized and/or treated with diuretics. and the response 
Observed closely, or INDERAL should be discontinued (gradually, if possible} 


IN-PATIENTS WITH ANGINA PECTORIS, there have been reports of exacerbation of 
gos and, in some cases, myocardial infarction, follow ng abrupt discontinuance of 
INDERAL therapy. Therefore, when discontinuance of NDERAL is planned. the dosage 
should Se gradually reduced over at least a few weeks, and the patient should be 
cautioned against interruption or cessation of therapy without the physician's advice. It 
“INDERAL therapy is interrupted and exacerbation of angina occurs, it usually is advisable 
tofeinstitute INDERAL therapy and take other measures appropriate for the management 
‘of unstable angina pectoris. Sace coronary artery disease may be unrecognized: it may 
be prudent to follow the above advice in patients considered at risk of having occult 

‘| atherosclerotic heart disease who are given propranolol for other indications. 


Nonaltergic Pronchospasm ieg, chronic bronchitis, emphysema) — PATIENTS 
WITH 'BRONCHOSPASTIC DISEASES SHOULD IN GENERAL NOT RECEIVE BETA 
‘BLOCKERS. INDERAL should be administered with caution since it may block bronchodilation 

produced by endogenous and exogenous catecholamine stimulation of beta receptors 
MAJOR SURGERY: The necessity or desirability of withdrawal of beta-blocking therapy prior 
< to-major surgery is controversial. It should be noted, however. that the impaired ability of the 
_ heart to respond to reflex adrenergic stimuli may augment the risks of general anesthesia and 
Surgical procedures 
$ INDERAL (propranolol HCI), like other beta blockers, is a competitive inhibitor of beta-recep- 
“tor agonists and its effects can be reversed by administration of such agents, eg, dobutamine 
“br isoproterenol. However, such patients may be subject to protracted severe hypotension 
faculty in starting and maintaining the heartbeat has also been reported with beta blockers. 
OIABETES AND HYPOGLYCEMIA: Beta blockers should be used with caution in diabetic 
patients if a beta-biocking agent is required. Beta blockers may mask tachycardia occurring 
with hypoglycemia, but other manifestations such as dizziness and sweating may not be 
_ significant'y affected. Following insulin-induced hypoglycemia, propranolol may cause a delay 
in the recovery of blood glucose to normal levels 
THYROTOXICOSIS: Beta blockade may mask certain clinical signs of hyperthyroidism 
“Therefore, abrupt withdrawal of propranolol may be followed by an exacerbation of symptoms 
of hyperthyroidism, including thyroid storm. Propranolol may change thyroid function tests, 
; attest, Ta and reverse Ta, and decreasing Ta. 

IN-PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several cases have been 
“reported in which, after propranolol, the tachycardia was replaced by a severe bradycardia 
requiring a demand pacemaker. In one case, this resulted after an initial dose of 5 mg 
propranolol... 
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PRECAUTIONS, GENERAL: Propranolol should be used with caution in patients with im- 
paired hepatic or renal function. INDERAL (propranolol HCI) is not indicated for the treatment of 
bypertensive emergencies. : 


acute reversible syndrome characterized by 
disorientation for time and place, short-term 
memory loss, emotional lability, slightly 
clouded sensorium, and decreased perfor- 

* mance on neuropsychometrics. For immediate 
i formulations. fatigue, lethargy, and vivid 


1 
63mg 80mg 120mg 160mg 


| dreams appear dose related. 

Gastrointestinal: Nausea. vomiting, epigas- 
tric distress, abdominal cramping. diarrhea, 
constipation, mesenteric arterial thrombosis, 
ischemic colitis 

Allergic: Pharyngitis and agranulocytosis, 
erythematous rash, fever combined with ach- 
ing and sore throat, laryngospasm and respira- 
tory distress 








Respiratory: Bronchospasm. 

Hematologic: Agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic purpura. 

Auto-Immune: in extremely rare instances, systemic lupus erythematosus has been 
reported. 

Miscellaneous: Alopecia, LE-like reactions, psoriasiform rashes, dry eyes, male impotence, 
and Peyronie's disease have been reported rarely. Oculomucocutaneous reactions involving 
the skin, serous membranes and conjunctivae reported for a beta biocker (practolol) have not 
been associated with propranolol 


DOSAGE AND ADMINISTRATION. INDERAL LA provides propranolol hydrochloride in a 
sustained-release capsule for administration once daily. If patients are switched from INDERAL 
Tablets to INDERAL LA Capsules, care should be taken to assure that the desired therapeutic 
effect is maintained. INDERAL LA should not be considered a simple moion substitute for 
INDERAL. INDERAL LA has different kinetics and produces lower blood levels. Retitration may 
be necessary, especially to maintain effectiveness at the end of the 24-hour dosing interval 

HYPERTENSION ~- Dosage must be individualized, The usual initial dosage is 80 mg 
INDERAL LA once daily, whether used alone or added to a diuretic. The dosage may be 
increased to 120 mg once daily or higher until adequate blood-pressure control is achieved. 
The usual maintenance dosage is 120 to 160 mg once daily. in some instances a dosage of 840 
mg may be required. The time needed for full hypertensive response to a given dosage is 
variable and may range from a few days to several weeks 

ANGINA PECTORIS — Dosage must be individualized. Starting with 80 mg INDERAL LA 
once daily, dosage should be gradually increased at three- to seven-day intervals until optimal 
response is obtained. Although individual patients may respond at any dosage level, the 
average optimal dosage appears to be 160 mg once daily. In angina pectoris, the value and 
safety of dosage exceeding 320 mg per day have not been established. 

if treatment is to be discontinued, reduce dosage gradually over a period of a few weeks (see 
WARNINGS). 

MIGRAINE -~ Dosage must be individualized. The initial oral dose is 80 mg INDERAL LA 
once esp The usual effective dose range is 160-240 mg once daily. The dosage may be 
ncreased gradually to achieve optimal migraine prophylaxis. If a satisfactory response is not 
obtained within four to six weeks after reaching the maximal dose, INDERAL LA merapy should 
de discontinued. It may be advisabie to withdraw the drug gradually over a period of several 
weeks. 

HYPERTROPHIC SUBAORTIC STENOSIS — 80-160 mg INDERAL LA once daily. 
PEDIATRIC DOSAGE -~ At this time the data on the use of the drug in this age group are too 
imited to permit adequate directions for use 

*The appearance of these capsules is a registered trademark of Wyeth-Ayerst Laboratories 
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Philadelphia, PA 19101 : 
© 1988, Wyeth-Ayerst Laboratories. 








Improvement of Diastolic Function 
After Reversal of Left Ventricular Hypertrophy 
Induced by Long-Term Antihypertensive 
Treatment with Tertatolol 
Bruno Trimarco, MD, Nicola De Luca, MD, Giovanni Rosiello, MD, 


Bruno Ricciardelli, MD, Sandro Betocchi, MD, Pasquale Perrone Filardi, MD, 
Massimo Raponi, MD, and Mario Condorelli, MD 


in 15 previously untreated hypertensive subjects 


with left ventricular (LV) hypertrophy who re- 
sponded favorably (supine blood pressure <140/90 
mm Hg) to antihypertensive treatment with a non- 
selective 6-blocking agent, tertatolol, the effects of 
reversal of LV hypertrophy on systolic and diastolic 
function were assessed. Patients underwent echo- 
cardiographic and radionuclide studies in control 
conditions (phase 1), after 1 month of blood pres- 
sure normalization (phase 2), after reversal of LV 
hypertrophy or at least a 20% reduction of LV 
mass compared to basal value (phase 3) and finally, 
after a 1-month washout (phase 4). 

in phase 2, blood pressure (130 + 2/85 + 1 vs 
148 + 4/104 + 1 mm Hg) and heart rate (59 + 1 
vs 76 + 2 beats/min) decreased (both p <0.01); LV 
mass remained unchanged. There were improve- 
ments in peak filling rate (end-diastolic volume/s) 
(2.4 + 0.1 vs 2.0 + 0.1), ejection fraction (65 + 1 
vs 61 + 1%) and their ratio (stroke counts/s) (3.7 
+ 0.2 vs 3.2 + 0.1) (all p <0.05). In phase 3, blood 
pressure and heart rate were unchanged and rever- 
sal of LV hypertrophy was accompanied by a fur- 
ther increase in peak filling rate (2.9 + 0.1), ejec- 
tion fraction (69 + 1%) and their ratio (4.1 + 0.1) 
compared to phase 2 (all p <0.01). Finally, in 
phase 4 blood pressure and heart rate returned to 
the basal value, but peak filling rate (2.7 + 0.1) 
and ejection fraction (65 + 1%), although reduced 
compared to phase 3, were still higher than phase 
1. Similarly, the ratio between LV peak filling rate 
and ejection fraction was increased compared to 
that in phase 1 (4.1 + 0.1) (p <0.01). 

Thus, LV hypertrophy contributes to LV diastol- 
ic dysfunction in hypertensive patients because its 
reversal can improve diastolic filling; and antihy- 
pertensive treatment with tertatolol improves dia- 
stolic function independently from its effect on LV 
mass. 

(Am J Cardiol 1989;64:745-—751) 


eft ventricular (LV) chamber filling is commonly 
abnormal in hypertensive patients with concen- 


tric LV hypertrophy well before any evidence of - 
abnormal systolic performance.'-3 The role of LV hy- 
pertrophy in the pathogenesis of impaired diastolic fill- 


ing and the effects of its regression on diastolic function 
are still unclear. The negative correlation between LV . 
mass and the maximum rate of early LV filling, report-. 
ed previously! and confirmed by us in a larger popula- 
tion, suggests a major impact of LV hypertrophy on 
LV filling pattern in hypertensive subjects. However, 
studies in athletes with LV hypertrophy equal in degree 
to hypertensive LV hypertrophy did not reveal any ab- 
normality in LV filling.° =. 
Furthermore, in isolated muscle from hypertrophied. 
hearts diastolic filling abnormalities lessen or disappear 
as hypertrophy is reversed.’ However, biochemical stud- 


ies indicate that fibrosis and excessive amounts of colla- 


gen may persist after regression of experimental LV hy- 
pertrophy,®° which could represent potentially irrevers- 
ible changes that may particularly affect diastolic >- 


function in vivo. In contrast to other antihypertensive 


treatments, 8 blockers have been reported to be able to. 
reduce in spontaneously hypertensive rats both noncol- 


lagen and collagen protein synthesis in the heart and o 
aorta.'° Therefore, we investigated the effects of rever- 


sal of LV hypertrophy on LV diastolic filling pattern in ~ 
hypertensive patients with LV hypertrophy. 


METHODS 

Study group: A study population of 32 patients with 
previously untreated moderate essential hypertension 
was recruited from the outpatient hypertension clinic of 
this institute. They did not show any history or evidence 
of coronary artery disease, diabetes mellitus, renal in- 
sufficiency or heart failure. No patient had electrocar- 
diographic signs of prior myocardial infarction or 


showed wall motion abnormality on echocardiographic. => 


examination. Furthermore, to exclude accompanying 
coronary disease, patients were required to have normal 
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E 1 Mean Values of Systolic and Diastolic Arterial. 
; Pressure and Heart Rate Recorded in the Four Study Phases 


Phase 2 
130 + 2* 





Phase 1 Phase 3 Phase 4 


14844 








135 4 2* 14944 








oh “Supine SAP 


















(mm Hg) 

Upright SAP 160 +3 144 +4 3* 146 + 3* 16443 
(mm Hg) 

Supine DAP 10441 85+ 1* 89 + 2* 101 +2 
(mm Hg) 

Upright DAP 11042 99 + 2* 96 + 2* 109+3 
(mm Hg) 

Supine HR 7642 59 + 2* 6141* 6742 
(beats/min) 

Upright HR 8542 644 1* 67 + 2* 7443 


(beats /min) 


heared are mean + standard error. 








ron 01 vs phase 1 by analysis of variance. 
a = diastolic arterial pressure; HR = heart rate; SAP = systolic arterial pressure; 
Baas S 1 = control conditions; phase 2 = after 1 month of supine blood pressure 
140/90 mm Hg; phase 3 = after reversal of left ventricular hypertrophy; phase 4 = 
after 1. month washout. 








TABLE H Hemodynamic Parameters in the Four Study 
‘Phases 

























Phase 1 Phase 2 Phase 3 Phase 4 








a | 
MAP 11942 104 + 1* 104 + 1* 11742 
(mm Hg) 
co 7.10.5 5.8 +0.3* 59404* 69405 


` (liters / 
min) 


14414117 1518493 1,5164112 14704123 


73+ 12 5747* 59 + 6* 66411 


Values are mean + standard error. 
op Ne 15. 

cop <G.01 vs phase } by an anaes of variance. 
CO = cardiac output; MAP = mean arterial pressure; TPR = 
resistance: other Shoots as in Table Í. 













total peripheral 
























wall motion as assessed by radionuclide ventriculog- 
-raphy both at rest and during exercise. Exercise-induced 
-segmental asynergy was considered abnormal regardless 
_. of global function response. Coronary disease was also 
excluded by exercise thallium testing. 
- Blood pressure was >160 mm Hg systolic or 95 mm 
_. Hg diastolic on at least 5 consecutive readings in the 
outpatient clinic on different days. Blood pressure was 
- measured with the subject in the sitting position, after a 
10-minute rest in a darkened room, by means of a stan- 
dard sphygmomanometer with a cuff of appropriate 
‘size, and following the recommendations of the Ameri- 
= can: Heart Association.'' Secondary hypertension was 
‘ruled out in all patients by laboratory and x-ray studies. 
All patients were fully informed about the procedures 
- and aims of the study, and written consent was obtained 
- in all before the study. Every patient satisfied the echo- 
= cardiographic criteria for LV hypertrophy: i.e., Penn 
_ LV mass index >131 g/m? for men and >100 g/m? for 
women.!*!3 The possible contribution of regular exer- 
ise to the genesis of LV hypertrophy was excluded by 













TABLE Ill Echocardiographic Parameters in the Four Study 

















Phase 1 Phase 2 Phase 3 Phase 4 



































LVMi 14845 13845 1244 5* 13044 
(g/m?) 

LVIDd 51.541 51941 51641 51.541 
(mm) 

VST 119402 11.2402 105402* 108402 
(mm) 

PWT (mm) 11.3401 107402 100403* 104402 

ESS 67 +4 58 4 4* 60+3 6443 













(dynes /s) 


yaus are mean + standard error. 
* p <0.01 vs phase 1 by analysis of variance. 

ESS = end-systolic stress; IVST = interventricular septum thickness; LVIDd = left 
ventricular internal dimension at end-diastole; LVMi = left ventricular mass index, PWT 
= posterior walt thickness. 
















Protocol: In control conditions all patients under- 
went 2 sequential studies on the same day. The first was 
M-mode echocardiography performed with 2-dimen- 
sional echocardiographic monitoring, for measurement 
of LV wall thickness and dimensions and calculation of 
LV mass and LV wall stress. The second was the deter- 
mination of ejection fraction and other hemodynamic 
indexes by radionuclide technique. During both studies 
we performed sphygmomanometric blood pressure de- 
terminations. Subsequently, treatment was started with 
tertatolol (Servier), 5 mg once a day, orally. After 1 
month, the patients underwent blood pressure measure- 
ment in the outpatient hypertension clinic, performed 
by the same physician using the same methods already 
described. In those showing supine blood pressure values 
140/90 mm Hg, the echocardiographic and radio- 
nuclide studies were repeated. In the remaining patients 
the dosage of tertatolol was increased to 10 mg once a 
day. After another month, if the treatment goal of a 
supine blood pressure <140/90 mm Hg was met, the 
patient underwent a second echocardiogram and radio- 
nuclide ventriculography, or was excluded from the 
study. All patients showing a satisfactory blood pressure 
response to therapy returned to the outpatient hyperten- 
sion clinic at 2-month intervals for a 6-month follow-up 
period. Then, in those showing supine blood pressure 
values <140/90 mm Hg, sequential echocardiograms 
were performed. When LV mass index was in the nor- 
mal range or showed at least a 20% reduction from the 
initial value, a third radionuclide study was performed. 
Finally, the antihypertensive treatment was stopped, 
and the patients underwent a final echocardiogram and 
radionuclide study after a 1-month washout. 

Procedures: ECHOCARDIOGRAPHIC TECHNIQUES: The 
M-mode echocardiography was performed with stan- 
dard techniques previously reported from this laborato- 
ry.'4 In particular, echocardiograms were obtained with 
the patient in the partial left decubitus position using 
2.5-MHz transducer with a Hewlett Packard (model 
77020AC) unit and recorded on n light. sensitive paper at 

: di phic i 










servers blinded to the protocol and patient data. Differ- 
-ences between readers of 1 mm in measurement of in- 


|- terventricular septum and posterior wall thickness and 


of 2 mm in measurement of LV internal dimensions 
were averaged. Greater differences were resolved by re- 
view of the coded echocardiograms. Measurements of 
LV internal diameter, interventricular septum and pos- 
terior wall thickness were made according to the Penn 
| convention at end-diastole and end-systole.!5 

Echocardiographically measured volumes in end- 
diastole and end-systole were derived using the cube for- 
mula. The reliability of this technique has been demon- 
strated.'? Echo LV mass was calculated at both end- 
diastole and end-systole according to the simple and 
anatomically validated!> formula: LV mass = 1.04 X 
{(interventricular septum thickness + LV internal di- 
mension + posterior wall thickness)? — LV internal di- 
mension*] — 13.6. 

To minimize the impact of variation of body size on 
LV mass, it was corrected for body surface area. Stroke 
volume was derived as the difference between end-dia- 
stolic and end-systolic volume, and cardiac output by 
multiplying stroke volume by heart rate, as derived by 
the echocardiogram. End-systolic stress was calculated 
according to the following formula!®: [0.98 x {(0.334 X 
D X Pr)/(P X (1 + P/D)}] — 2) where D is the LV 
internal diameter at end-systole, PR is systolic blood 
pressure and P is the LV posterior wall thickness at end- 
systole. 

RADIONUCLIDE HEMODYNAMIC STUDY: Radionuclide 
angiography was performed with the patient at rest in 
the supine position according to our previously reported 
methods.!’ The imaging rate was 50 frames/s (or 20 
ms/frame) with a gate tolerance of + 5% to minimize 
distortion in the diastolic part of the curve. A minimum 
of 150,000 counts/frame was reached before stopping 
data collection. Ejection fraction was measured on the 
raw time activity curve by standard technique. The fol- 
lowing variables were calculated on time activity curves 
filtered using a Fourier expansion with 5 harmonics. 
Time to end-systole was measured from the R wave on 
the electrocardiogram to the nadir of the time activity 
curve. Peak filling rate was computed as the maximum 
on the first derivative of the time activity curve and nor- 
malized by the end-diastolic as well as stroke counts. 

Statistical analysis: The comparison among the val- 
ues of the corresponding parameters at different times 
was performed using analysis of variance for repeated 
measures. Dunnett’s test was used for testing treatment 
group means against the control group mean. Duncan’s 
test was used for all possible pairwise comparisons after 
analysis of variance. Data are presented as mean + 
standard error. 


RESULTS 

The accuracy of the echocardiographic measure- 
ments was verified when blind readings by 2 indepen- 
dent trained observers varied by <1 mm and also when 
.V mass at end-diastole and end-systole in each echo- 


phic tracing were compared: the correlation 


coefficient varied between 0.9 and 0.98. No change in 
LV shape was detected by 2-dimensional echocardiog- _ 
raphy throughout the study. : 

Nine of 32 patients were excluded from the study 
due to unsatisfactory blood pressure response. to tertato- 
lol and 8 patients were lost to follow-up. Thus, the study. 
included 15 hypertensive patients with LV hypertrophy 
(8 male and 7 female, aged 47 + 2 years, body surface 
area 1.89 + 0.05 m°). The mean duration of known _ 
hypertension was 6 + 1 years. In 5 patients the daily 
administration of 5 mg of tertatolol induced a satisfac- 
tory control of blood pressure; the remaining 10 patients 
required 10 mg/day. 

Table I lists the mean systolic and diastolic blood 
pressures and heart rates recorded both in supine and 


upright position, in control conditions (phase 1), after 1 


month of blood pressure normalization (phase 2), after 
at least 20% reduction of LV mass index (phase 3) and 
1 month after the withdrawal of tertatolol (phase 4). _ 

As shown in Table II, the blood pressure decrease 
recorded in phase 2 was probably due to a reduction. 
cardiac output since systemic vascular resistance Ww 
unchanged. In the long run (phase 3) the tertatolol- 
induced blood pressure decrease remained unchanged. 
The hemodynamic mechanism underlying this effect 
was also not changed compared to phase 2. Finally, 
after therapy withdrawal there was an increase in arte- 
rial pressure so that in phase 4 they were not signifi- _ 
cantly different from those recorded in phase 1. Similar- 
ly, calculated cardiac output increased after tertatolol ` 
withdrawal. 

Echocardiographic study: In control conditions we 
found that the mean values of LV mass index, interven- 
tricular septum and posterior wall thickness were well 
above the normal range indicated by Devereux et al!3_ 


(Table III). In contrast, LV dimension at end-systole. a 


and end-diastole was in the normal range. The ratio be- 
tween interventricular septum and posterior wall thick- 


ness was 1.06 + 0.02, suggesting that LV hypertrophy 
was symmetric. In phase 2, there was no statistically _ 


significant change in LV mass index, as well as in all 

the other echocardiographic parameters. The tertatolol- 

induced blood pressure decrease resulted in a decrease 

in LV end-systolic stress. ae 
It took 7 months to reverse LV hypertrophy or to 


achieve a 20% reduction in LV mass versus the basal __ 


value. As shown in Table II, reversal of LV hypertro- 
phy was associated with a comparable reduction in in- 
terventricular septum and posterior wall thickness so 
that their ratio was also 1.06 in phase 3. Furthermore, | 
reversal of LV hypertrophy did not induce any change 


in LV internal dimensions (Table III). In phase 3, cal- > 


culated end-systolic stress increased compared to phase 
2 so that it was no longer lower than in phase 1 (Table 
HI). ; 
No significant change in LV mass index or in inter- 


ventricular septum and posterior wall thickness was ob- ` 


served at the end.of the washout period compared to the 
values recorded before stopping pharmacologic treat- 
ment. The increase in blood pressure resulted in an in- 








se in end-systolic stress, which did not achieve sig- 
nificance (Table HI). 
Radionuclide study: In control conditions ejection 
-fraction was normal in 8 patients (61 to 74%, lower nor- 
- mal limit for our laboratory 60%). In 7 patients it was 
42 to 60% (Figure 1). Diastolic function, as estimated 
-by peak filling rate, was lower than in normal subjects 
-in all patients (lower value for our laboratory 2.8 end- 
-diastolic volume/s) (Figure 2). In phase 2, both ejection 
fraction (from 61 + 1 to 65 + 1%, p <0.05) and peak 
~~ filling rate (from 2.0 + 0.1 to 2.4 + 0.1 end-diastolic 
volume/s, p <0.001) increased significantly compared 
- to phase 1 (Figure 1 and 2). Both parameters showed a 
-. further increase in phase 3 compared to phase 2 (ejec- 
tion fraction 69 + 1%, p <0.05; peak filling rate 2.9 + 
0.1 end-diastolic volume/s, p <0.05) (Figure 1 and 2). 



















- Finally, in phase 4 we recorded a significant decrease in- 


ejection fraction (65 + 1%, p <0.05), but it still re- 
mained higher than in phase 1 (Figure 1). Similarly, 
peak filling rate (2.7 + 0.1 end-diastolic volume/s), al- 
though reduced compared to phase 3, was higher com- 
pared to control (Figure 2). 

We also calculated the ratio between peak filling 
rate and ejection fraction!’ (Figure 3). This parameter 
was 3.2 + 0.1 stroke counts/s in phase 1 and increased 
to 3.7 + 0.2 stroke counts/s in phase 2 (p <0.05). A 
further increase in this ratio was detectable from phase 
2 to phase 3 (4.1 + 0.1 stroke counts/s, p <0.01), and 
in phase 4 it still remained higher than in phase 1 (4.1 
+ 0.1 stroke counts/s, p <0.01). 

Correlates of left ventricular filling: A highly signifi- 
cant negative correlation was found between LV mass 
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ec | 
FIGURE 1. Individual left ventricular ejec- 
tion fractions (EF) in control conditions 
(phase 1), after 1 month of blood pressure 
normalization (phase 2), after reversal of 
left ventricular 3) and 
after 1 month of washout (phase 4). 

phase 4 
E 












FIGURE 2. Individual left ventricular peak 
filling rates diring the study. Phases as in 
Figure 1. 





index and peak filling rate before and after tertatolol 

< (phase land 4) (r = —0.825, n = 30, p <0.001). In the 
same phases a negative correlation was also detected be- 
tween end-systolic wall stress and peak filling rate (r= 
~0.408, n = 30, p <0.05). Finally, we found a signifi- 
cant direct correlation between peak filling rate and LV 
systolic performance, evaluated by ejection fraction (r 
= 0.635, n = 30, p <0.01). 


DISCUSSION 

In elderly patients with hypertension, severe concen- 
tric LV hypertrophy and abnormal echocardiographic 
diastolic filling, treatment with B-adrenergic blocking 
„ agents or calcium antagonists produced symptomatic 
= improvement and normalization of diastolic filling, 
while half of those given vasodilators had significant hy- 
potensive reactions.'? However, the effects of antihyper- 
tensive medication on indexes of diastolic function are 
uncertain, and few reports are available. In a small se- 
ries of patients with essential hypertension,2° 1 month of 
B-adrenergic blocker therapy resulted in an increase in 
diastolic filling only in patients who had a significant 
decrease in blood pressure. The investigators” speculat- 
ed that 8 blockade probably slows diastolic filling by 
impairing relaxation, but that this effect is not apparent 
when counterbalanced by the reduction in blood pres- 
sure. Another study? failed to show any statistically sig- 
nificant change in diastolic filling after sequential 1- 
month courses of thiazide diuretics, propranolol and dil- 
tiazem. Inouye et al? hypothesized that in the former 
study,” changes in LV mass induced by antihyperten- 
sive treatment might have interfered with the direct ef- 
fect of the drug on diastolic function and with the indi- 
rect effect mediated by the benefits associated with the 
antihypertensive effects of these agents. Such a hypoth- 
esis seems likely. When we assessed the effect of long- 
term antihypertensive treatment with metoprolol on sys- 
temic hemodynamics and LV mass, we found that after 
2 years of treatment the reversal of LV wall hypertro- 
phy was accompanied by an increase in stroke volume, 
probably caused by improved diastolic filling.?! 


FIGURE 3. Left ventricular peak filling 
rate (PFR) normalized to stroke volume 
during the study. Phases as in Figure 1. 
* and ** indicate p <0.05 and p <0.01, 
respectively, vs phase 1. Each bar 
represents mean + standard error; 

n= 15, 





To test the possibility that reversal of LV hypertro- 
phy may improve diastolic function, it is necessary to 
keep all the other factors constant when the variable 
being investigated changes. Our present observation— 
that there was no change in LV shape or internal di- 
mensions—rules out the possibility that changes in LV 
geometry might have interfered with diastolic function. 
in these patients. However, the administration of terta- 
tolol and the decrease in blood pressure induced by it 


were able to modify simultaneously several determi- = 


nants of LV diastolic function. 

Thus, our study had 4 phases. In particular, in phase 
2 we assessed the effects of changes in blood pressure, 
adrenergic tone, heart rate and systolic function induced 


by tertatolol treatment on peak filling rate. The statisti- 


cally significant increase in this parameter observed in 
phase 2, which is in keeping with the results of Fouad et 
al? suggests that when blood pressure is lowered by | 
treatment with 8-blocking agents, opposite effects are _ 
exerted on diastolic function. Their?° algebraic sum re- 

sults in an improvement of peak filling rate. The finding _ 
that these changes in LV diastolic function are not asso- 2 


ciated with any reduction of LV mass rules out the pos- 


sibility raised by Inouye et al?—that an antihyperten- 


sive treatment with 6-adrenergic blocking agents may 


improve diastolic filling only through a reduction of LV 
mass. 

The comparison of phase 3 versus phase 2 allows 
speculation on the effects of reversal of LV hypertrophy 
on diastolic function. In fact, the only difference be- 
tween phases 2 and 3 was the reversal of LV hypertro- 
phy, which induced a small increase in LV end-systolic 
stress. Despite this latter phenomenon, systolic perfor- 


mance improved, as assessed by ejection fraction, as did ~ 


diastolic function, as evaluated by peak filling rate. 


However, because changes in LV afterload, mass and 


inotropism are capable of modifying peak filling rate— _ 
as confirmed by the correlations found in our patients 
between peak filling rate and LV end-systolic stress, 
mass and ejection fraction—we cannot exclude that the- 
improved diastolic function observed in phase 2, as well 

























































-as after reversal of LV hypertrophy, was the mere con- 
sequence of an improved ejection fraction. Therefore, as 
per Bonow et al,'® we normalized peak filling rate to 

-stroke counts/s by dividing it by ejection fraction. This 
ratio progressively increased from phase 1 to phase 3, 
suggesting an imbalanced change in the numerator, 
which points to a primary change in early filling. 

The finding that in phase 4 the rate of LV diastolic 
filling remained higher than in phase 1 seems to speak 
for a direct positive effect of reversal of LV hypertrophy 
on diastolic function. In phase 4, in fact, blood pressure, 
end-systolic stress and heart rate were no different from 
phase 1. Thus, since the only factor differentiating 
phase 4 from phase | is the reversal of LV hypertrophy, 
it seems reasonable to speculate that the change in LV 
mass may account for the improved diastolic function. 

Our results do not allow any speculation on the 
mechanisms underlying the improvement in diastolic 
function induced by reversal of LV hypertrophy. It is 
well known that the increase in wall thickness in hyper- 
tensive patients is the result of both cellular hypertrophy 
and fibrosis.22 This finding differentiates LV hypertro- 
phy associated with chronic hemodynamic overloading 
from myocardial hypertrophy secondary to endurance 
training, which is associated with increased actomyosin 
adenosine triphosphatase activity? and slight or no in- 
crease in collagen.”4 Because this latter type of physio- 
logic hypertrophy is not accompanied by slowed LV 
diastolic filling,® it may be speculated that the increased 
collagen content of the hypertrophied ventricle in hyper- 
tension may be responsible for the impairment in dia- 
stolic function observed in these patients. Thus, 8 
blockers that are able to reduce in spontaneously hyper- 
tensive rats both noncollagen and collagen protein syn- 
thesis in the heart and aorta!® may improve diastolic 
filling by reducing myocardial fibrosis. This hypothesis 
is also supported by the observation that the improve- 
ment of diastolic function induced by treatment with 8 
blockers seems to be time-dependent. In fact, we® previ- 
ously reported that a shorter period of therapy with 
atenolol induced a smaller reduction in LV mass and 
failed to significantly increase peak filling rate. 

On the other hand, after 2 years of treatment with 
metoprolol, we?! found that despite a significant de- 
crease in heart rate cardiac output was not reduced 
compared to the control value in the same patients. This 
finding may suggest that the improvement in diastolic 
filling induced by £ blockers may be potentiated by in- 
creasing the duration of the treatment, possibly through 
a more complete reversal of myocardial fibrosis. This 
hypothesis may also explain why improved diastolic 
© function associated with reversal of LV hypertrophy 
with 6-adrenergic blocking agents”>-*? may not apply to 
LV hypertrophy regression associated with other anti- 
hypertensive agents, such as diuretics, which are not 
able to reverse myocardial fibrosis. Anatomic and bio- 
chemical studies, however, indicate that fibrosis and an 
excessive amount of collagen may remain after regres- 
-sion of LV hypertrophy.®? Although these latter results 


2 obtained in experimental animals can hardly. be com- 


~hypert 





pared with t ose obtained in man with long-term fol- 


low-up, alternative hypotheses should be considered to 
explain the improvement in LV diastolic filling induced 
by reversal of LV hypertrophy in hypertensive patients. 

Some forms of pathologic cardiac hypertrophy, par- 
ticularly those in response to pressure overload, are as- 
sociated with a decrease in capillary density, especially 
in the subendocardial layers of the hypertrophied ventri- 
cle.28 This decrease in capillary density translates to an 
increase in diffusion distance, which could contribute to 
limited nutritional support of the hypertrophied myo- 
cardium.29 Thus, reversal of LV hypertrophy may lead 
to an increased diastolic filling rate through improved 
blood support to the left ventricle, which is a well- 
known determinant of peak filling rate. 

Whatever the mechanism underlying the improve- 
ment in diastolic function after reversal of LV hypertro- 
phy, the observation that after regression of LV hyper- 
trophy peak filling rate was still lower than in normal 
subjects suggests that diastolic dysfunction in essential 
hypertension has a multifactorial origin. In particular, 
the finding that peak filling rate may be improved by 
the blood pressure decrease induced by short-term treat- 
ment with tertatolol, as well as by reversal of LV hyper- 
trophy without any change in blood pressure, seems to 
suggest that initially LV diastolic dysfunction might be 
mainly caused by the increased workload imposed on 
the left ventricle. Subsequently, when LV hypertrophy 
develops, it may play an independent role in the genesis 
of the impairment in LV diastolic function. This hy- 
pothesis seems to be corroborated by the observation 
that in phase 3, when blood pressure was maintained in 
the normal range by tertatolol and LV hypertrophy was 
reversed, peak filling rate reached its maximum level. 
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The relations of Metropolitan Life Insurance Co. 
Relative Weight values and blood pressure (BP) to 
minimal forearm vascular resistance, ventricular 
septal and posterior wall thickness, left ventricular 
(LV) mass index and cardiac diastolic function were 
assessed in 31 men, 37 + 2 (mean + standard er- 
ror of the mean) years of age. Eighteen patients 
with untreated mild hypertension were compared 
with 13 normotensive control subjects of similar 
age and weight. The hypertensives had higher clin- 
ic (137 + 3/96 + 2 vs 121 + 4/81 + 3 mm Hg, p 
<0.001/<0.001) and home (p <0.001) BP. Despite 
higher BP, the hypertensives did not have signifi- 
cantly greater values than normotensives, respec- 
tively, for minimal forearm vascular resistance 
(2.20 + 0.12 vs 2.04 + 0.11 U), ventricular septal 
(9.9 + 0.5 vs 10.2 + 0.3 mm) and pesterior wall 
thickness (10.2 + 0.4 vs 10.0 + 0.3 mm) or LV 
mass index (106 + 6 vs 107 + 6 g/m”). Further- 
more, diastolic peak filling rate, an index of LV dia- 
stolic function, was virtually identical in the 2 
groups (2.71 + 0.14 vs 2.69 + 0.07 liters/s, differ- 
‘ence not significant). Correlates of peak filling rate 
included relative weight (r = —0.62, p <0.001), 
posterior wall thickness (r = —0.51, p <0.01) and 
age (r = —0.45, p <0.05). Relative weight also cor- 
related significantly with posterior wall (r = 0.59, p 
-<0.005), ventricular septal (r = 0.47, p <0.005) 

and LV mass index (r = 0.38, p <0.05). Although 
clinic systolic BP correlated directly with posterior 
wall thickness (r = 0.45, p <0.05), neither systolic 
nor diastolic BP in the clinic or at home correlated 
significantly with peak filling rate (r = —0.26 to 
+0.02, difference not significant). 

The results suggest that relative weight is an 
important determinant of diastolic function and LV 
dimensions. These findings highlight the impor- 
tance of controlling for weight in comparative stud- 
ies of cardiovascular structure and function. 

(Am J Cardiol 1989;64:752-755) 
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ost untreated patients with mild hypertension 
Me not experience complications over a mean 

follow-up period of 5 years.' In fact, most pa- 
tients with mild hypertension and minimal funduscopic 
change may die from diseases unrelated to hyperten- 
sion.” In an effort to more selectively target interven- 
tion, extensive efforts have been directed toward identi- 
fying evidence of cardiovascular injury that increases 
the probability of future complications. Funduscopic,? 
electrocardiographic} and echocardiographic*+> changes 
in hypertensive patients are examples of abnormalities 
that predict a higher incidence of subsequent clinical 
events. Additional subclinical abnormalities identified in 
the mild hypertensive state include reduced maximal 
vasodilator capacity®’ and decreased cardiac compli- 
ance.°-!° The identification of impaired diastolic func- 
tion, which may precede abnormalities in left ventricu- 
lar (LV) wall thickness, systolic function or both,!0-! 
offers an opportunity for very early detection of a poten- 
tially high risk subgroup. 

One confounding variable in assessing structural and 
functional cardiovascular changes in hypertensive pa- 
tients is weight. Overweight is a significant risk factor 
for hypertension.!3 Hypertensive patients are generally 
heavier than normotensive control subjects. Further- 
more, overweight is an independent risk factor for car- 
diovascular disease.'* Overweight may induce cardio- 
vascular changes!) that are possible harbingers of later 
cardiovascular problems. Consequently, evidence of car- 
diovascular injury in mildly hypertensive patients com- 
pared with normotensive control subjects may partially 
reflect weight differences rather than disparities only of 
blood pressure (BP). This study determines if previously 
noted abnormalities of cardiovascular structure and 
function in hypertensives persist when patients are com- 
pared with normotensive control subjects of similar age 
and weight. 


METHODS 

Patients: All hypertensive patients were untreated 
for a minimum of 6 months. The exception was 1 pa- 
tient who went without therapy for 1 month. Patients 
had a BP >140 mm Hg systolic or 90 mm Hg diastolic, 
or both, on 22 consecutive clinic visits preceding the 
study. The normal volunteers ‘had no prior history of 
hypertension and had clinic BP values <140/90 mm 
Hg. All subjects provided a history and underwent 
physical and laboratory examinations to exclude the 





-presence of medical } prob ms, high BP ne 


Height and weight were measured 


‘Relative Weight values were used in the calculations. !6 
BP during casual sitting was measured in triplicate. The 
mean of the second and third readings was used to de- 
termine ‘systolic and diastolic BP values. Self-deter- 
mined home BP was obtained twice daily by patients 
and normal volunteers in the week before the study. 
Maximal forearm vasodilator capacity in response to 10 
minutes of ischemic exercise was assessed by venous oc- 
clusion plethysmography.’? Minimal forearm vascular 
resistance was calculated as mean BP divided by maxi- 
mal forearm blood flow. 

LV internal diastolic dimension, ventricular septal 

_and posterior wall thickness were measured from 2-di- 
mensional M-mode echocardiograms as previously de- 
scribed.!’? The M-mode beam was set to transect the left 
ventricle just distal to the inferior edge of the mitral 
valve leaflets during diastole. LV muscle mass was cal- 
culated using the Penn convention.!8 

LV diastolic function was determined as peak LV 
filling rate. Data were obtained by electrocardiographi- 
cally gated radionuclide ventriculograms. The results 
were analyzed by forward gating of the time activity 
curves as described previously. 

Protocol: Subjects arriving at the Clinical Research 
Center had their BP measured in triplicate. In the next 
4 hours, the volunteers underwent echocardiography, 
radionuclide ventriculography and plethysmography. 

Data analysis: Data for the hypertensive patients 
and normotensive control subjects are reported as mean 
+ standard error of the mean. Differences between the 
2 groups for the measured and calculated variables were 
assessed with the Student ż test. Pearson correlation co- 
efficients (r values) were obtained to assess interactions 
between BP, weight, age and measurements of cardio- 
vascular injury. Multivariate analysis was used to exam- 
ine the independent contributions of relative weight, age 
and posterior wall thickness to peak filling rate. All p 
values <0.05 were accepted as the level at which the 
null hypothesis was rejected. 


RESULTS 

Descriptive data for the hypertensive and normoten- 
sive groups are listed in Table I. The results indicate 
that the 2 groups were statistically similar for age, 
height, weight and relative weight. Based on the selec- 
tion process, the hypertensive group had significantly 
higher BP values both in the clinic and at home. 

The indexes of cardiovascular injury are listed in Ta- 
ble II. The 2 groups had statistically indistinguishable 
values for minimal forearm vascular resistance, ventric- 
ular septal and posterior wall thickness, LV muscle 
mass and diastolic peak filling rate. 

The relations of BP, relative weight and age to the 
“various measures of cardiovascular change are listed in 

< Table III. Because home BPs did not provide stronger 
- -correlation coefficients than clinic BPs with the various 
- measures of cardiovascular change, only the latter are 


reported. As listed in Table III, relative weight, posteri- _ 
r wall thickness and age were signifi cant correlates of i 


Normotensive Subjects _ 
Normotensive 
(n= 13) 

37 £2 
17942 

8744 
12547 
12144 


Hypertensive 
(n= 18) 


Age (yrs) 

Height (cm) 

Weight (kg) 

MRW (%) 

Sytolic BP (clinic) 
(mm Hg) 

Diastolic BP (clinic) 
(mm Hg) 

Systolic BP (home) 
(mm Hg) 

Diastolic BP (home) 
(mm Hg) 


BP = blood pressure; MRW = Metropolitan Life insurance Co. Relative Weight: 
values; NS = not significant. 


8143 
11943 


7542 


TABLE Il indexes of Cardiovascular Injury in Hypertensive 
Patients Versus Normotensive Subjects 


Normotensive 
(n= 13) 


2.03 + 0.11 


Hypertensive 
(n = 19) 


2.20 +0.11 


p Value 


Minimum vascular 
resistance (U) 

Septal thickness (mm) 

Posterior wall (mm) 

LV muscle mass (g) 

LV mass index (g/m?) 107 +6 10646 

Peak filling rate (liters/s) 2.69 + 0.07 2.714014 


LV = left ventricular; NS = not significant. : 


TABLE Ill Correlation® Between Blood Pressure, Relative 
Weight, Age and indexes of Cardiovascular Injury 


PFR IVS PW LYMM LVMI MFAVWR 
(liters/s) (mm) (mm) (8) (g/m?) U) 


0.02 0.44 0.45f 0.29 0.25 0.28 


10.2 + 0.3 
10.0 + 0.3 
223 + 16 


99404 
10.2404 
227 +14 





Systolic BP 
(clinic) 
Diastolic BP 
(clinic) 
Relative weight ~—0.62+ 0.47* 
Age —0.45t 0.23 
* r values; t p <0.05; t p <0.005. i 
IVS = interventricular septal thickness; LVMI = left ventricular mass index; LVMM = 


left ventricular muscle mass; MFAVR = minimal forearm vascular resistance; PFR = 
peak filling rate; PW = posterior wall thickness. : 


—0.02 0.35t 0.29 026 0.22 0.26 





0.38t 
0.08 


0.59 0.54? 
0.22 0.14 


0.19 
0.351 


peak filling rate, an index of diastolic function. Relative 
weight (partial r = —0.47) and age (partial r = —0.36) 
retained a significant (p <0.05) independent relation to. 
peak filling rate in multivariate analysis, while the rela- 
tion to posterior wall disappeared (partial r = —0.18, 
difference not significant). The significant negative cor- ` 
relation between relative weight and peak filling rate is 
shown in Figure 1. 


DISCUSSION 
The data listed in Table I indicate that the 2 groups: 

had similar values for age, height, weight and relative — 

weight. Despite higher clinic and home. BP levels, the 


_ hypertensive group, in..comparison with normotensiv 
subjects, did not have significantly different values fo 


maximal vasodilator city „septal or posterior wall 
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_ thickness, LV muscle mass or mass index, or peak dia- 
-stolic filling rate as listed in Table II. 
Minimal forearm vascular resistance: The vascular 
> -resistance persisting after 10 minutes of ischemic fore- 
arm exercise is a measure of structural arteriolar cross- 
‘sectional area.’ Several investigators observed elevated 
values for minimal vascular resistance in patients with 
“borderline and mild hypertension compared with nor- 
motensive control subjects.®’ Although the mean mini- 
“mal forearm resistance was higher in the hypertensive 
group, the difference was not significant. In 1 of our 
previous studies,’ hypertensive patients, compared with 
-age- and weight-matched normotensive control subjects, 
had significantly higher minimal forearm vascular resis- 
tance. In the largest study,° BP was a significant, albeit 
‘relatively weak (r? 0.16) determinant of minimal 
forearm vascular resistance. Thus, the dichotomy of the 
minimal resistance results in our 2 studies may be ex- 
plained by smaller mean BP differences between hyper- 
tensives and normotensives in the present investigation. 
Left ventricular wall thickness and muscle mass: 
Abnormally high values for ventricular septal and pos- 
terior wall thickness as well as LV muscle mass in sub- 
_ jects with borderline and mild hypertension are well 
documented.”°-22 The increased LV wall thickness and 
‘mass also are found in children and adolescents with 
minimal abnormalities of BP.7!? Although posterior 
- wall.and ventricular septal thickness correlated signifi- 
“cantly with clinic systolic BP as listed in Table IH, nei- 
ther posterior wall or ventricular septal thickness nor 
LV muscle mass was significantly elevated in hyperten- 
“sive patients (Table II). This finding is at variance with 
‘many published studies. Relative weight correlated sig- 
-nificantly with posterior wall, ventricular septal, LV 
=- muscle mass and mass index. Thus, our deliberate 
< weight matching of hypertensive patients and normo- 
tensive control subjects may have obliterated the influ- 


ence of very mild hypertension on ventricular morpholo- 





This conclusion is consistent with the observations 
by Messerli et al, who indicated that both overweight 
and hypertension increase LV wall thickness. LV wall 
thickness was higher in lean hypertensive versus lean 
normotensive persons. However, posterior and septal 
wall thickness were not significantly increased in over- 
weight hypertensive patients compared with overweight 
normotensive control subjects. Consequently, weight 
was more important than BP in determining cardiac 
structure in obese patients with mild hypertension.” 

Left ventricular diastolic function: In this study, 
peak LV filling rate at rest assessed by radionuclide 
ventriculography served as the measure of cardiac dia- 
stolic function. Our data show that the peak filling rate 
was virtually identical in hypertensive patients com- 
pared with normotensive control subjects of similar age 
and weight. These findings are in direct contrast to sev- 
eral previous studies in which evidence was found of re- 
duced ventricular diastolic function in untreated pa- 
tients with mild hypertension.*-!? The majority of stud- 
ies did not report values for weight in either the 
hypertensive patients or normotensive control subjects.* 
1i The weight data reported in 1 study indicated that 
the group with higher BP also had higher mean weight 
values.'4 The potential importance of weight in deter- 
mining diastolic function was suggested in 1981 by De- 

Devitis et al.24 This group observed a significantly posi- 
tive correlation between overweight and both LV end- 
diastolic pressure and amplitude of the A waves in the 
pulmonary wedge pressure tracing in obese normoten- 
sive men. Our findings, listed in Table HI and shown in 
Figure 1, confirm that overweight is associated with im- 
paired diastolic function. The study was not designed to 
determine the physiologic basis for this association. The 
data extend previous findings by showing that over- 
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FIGURE 1. The significantly 
negative relation between data 
obtained from the Metropolitan Life 
is Insurance Co. Relative Weight val- 
ues and LV peak diastolic flow rate 
(liters/s) is shown for hypertensive 
patients (closed squares) and nor- 
motensive subjects (open squares). 
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- weight predominates over very mild elevations of BP in 

- determining diastolic function. This conclusion is fur- 
ther substantiated by multivariate analysis, which indi- 
cates that relative weight is the single best predictor of 
peak filling rate. 

After relative weight, age was the only other vari- 
able significantly and independently correlated with dia- 
stolic function. These data are consistent with the obser- 
vations of Spirito and Maron,” who reported that LV 
relaxation is impaired with aging. Although posterior 
wall thickness correlated with diastolic function, the re- 
lation was insignificant in multivariate analysis when 
accounting for the effects of relative weight and age. A 
brief review of published studies also suggests a complex 
and somewhat variable relation between LV anatomy 
and cardiac diastolic function. Some studies found that 
ventricular wall thickness and LV muscle mass were the 
main correlates of diastolic function.262? However, 
trained athletes with various degrees of LV hypertrophy 
observed in pathologic states had supranormal diastolic 
function.” Thus, the influence of LV hypertrophy on 
diastolic function must be interpreted in the context of 
factors inducing the morphologic change. Furthermore, 
abnormalities of diastolic function in hypertension may 
exist in the absence of increased LV wall thickness or 
muscle mass.°!012 In these cases, disordered cellular 
calcium metabolism, perhaps an integral feature of hy- 
pertension,”’ may contribute to reduced diastolic func- 
tion independently of structural changes.2° 
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‘Evaluation of Children with Aortic Valve Stenosis 
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To assess the usefulness of the Doppler mean 
gradient as a noninvasive indicator of the need for 
intervention, 33 children (ages 3 months to 20 
years) with valvular aortic stenosis (AS) underwent 
a 2-dimensional and Doppler echocardiographic ex- 
amination a median of 1 day before cardiac cathe- 
terization. The clinical decision for intervention was 
based on finding a catheterization peak-to-peak 
pressure gradient of >75 mm Hg or from 50 to 75 
mm Hg in the presence of symptoms or an abnor- 
mal exercise treadmill test result. Of the 33 pa- 
tients, 23 required intervention. The decision for in- 
tervention was compared to the Doppler mean gra- 
dient, and the Doppler peak and mean gradients 
- were compared to the catheterization peak-to-peak 
` gradient. All 12 patients with a Doppler mean gra- 
“ “dient >27 mm Hg had intervention and had a cath- 
-- eterization peak-to-peak gradient of 275 mm Hg. 
-AII 3 patients with a Doppler mean gradient <17 
mm Hg had no intervention and had a peak-to-peak 
gradient <50 mm Hg. The remaining 18 patients 
-with Doppler mean gradients between 17 and 27 
mm Hg comprised an intermediate group in whom 
the Doppler mean gradient alone did not predict the 
need for intervention. 

From a chi-square table, a Doppler mean gradi- 
ent >27 mm Hg predicted the need for intervention 
with 100% specificity (no false positives) and 52% 
sensitivity (11 false negatives). If a Doppler mean 
gradient >24 mm Hg was used to predict interven- 
_ tion, the sensitivity increased to 91% (2 false nega- 

tives) but specificity decreased to 70% (3 false 
positives). To improve the ability to predict the 
need for intervention in patients with a Doppler 
mean gradient between 17 and 27 mm Hg, the 
presence of symptoms or an abnormal exercise 
treadmill test result was combined with the Doppler 
mean gradient as criteria for intervention. When 
> the criteria for intervention were a Doppler mean 
gradient >27 mm Hg or a Doppler mean gradient 
-from 17 to 27 mm Hg in the presence of symptoms 

or an abnormal exercise test, sensitivity was 96% 
`- (1 false negative) and specificity was 80% (2 false 
positives). Catheterization peak-to-peak gradients 
< ‘correlated well with Doppler mean and peak gradi- 
ents (r = 0.74 and 0.73, respectively). 











































Thus, the Doppler mean gradient is a useful in- 
dicator of the need for intervention in children with 
AS. A Doppler mean gradient >27 mm Hg indicates 
the need for intervention with 100% specificity 
while a Doppler mean gradient <17 mm Hg pre- 
dicts mild AS. For patients with Doppler mean 
gradient between 17 and 27 mm Hg, additional 
noninvasive data are necessary to determine the 
need for intervention. 

(Am J Cardiol 1989;64:756-761) 


peak-to-peak pressure gradient measured at cardiac 

catheterization is often used to determine the sever- 
ity of AS and the need for intervention. Currently, the 
most widely used noninvasive technique for estimating 
the severity of AS is measurement of the peak instanta- 
neous pressure gradient with Doppler echocardiogra- 
phy.!-* The Doppler-derived peak instantaneous pres- 
sure gradient does not always correlate well with the 
catheterization-measured peak-to-peak pressure gradi- 
ent.*¢ Therefore, additional noninvasive estimates of 
the severity of AS would be helpful in making patient 
management decisions. The Doppler mean gradient is 
another noninvasive measurement that has proven use- 
ful in the evaluation of adult patients with AS.°-!? In 
pediatric patients, little information is available corre- 
lating the Doppler mean gradient with the hemodynam- 
ic severity of the AS. This study assesses the usefulness 
of the Doppler mean gradient in predicting the need for 
intervention in children with AS. 


I: children with valvular aortic stenosis (AS), the 


METHODS 

Patient population: All children with AS who under- 
went 2-dimensional and Doppler echocardiographic ex- 
amination and cardiac catheterization at this institution 
between September 1984 and August 1988 were includ- 
ed in the study. The study population consisted of 33 
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patients whose ages ranged from 3 months to 20 years 
~ (10 + 6 years, mean + standard deviation) and whose 
weights ranged from 5 to 109 kg (41 + 29). Four in- 
fants <3 months old with critical AS were excluded 
from the study because critical AS in the neonatal peri- 
od has different hemodynamic features and criteria for 
intervention. In addition, all children with subvalvular 
or supravalvular levels of left ventricular outflow ob- 
struction were excluded. 

The patients in the study group had several addition- 
al lesions. Aortic regurgitation was detected at cardiac 
catheterization in 17 patients. Regurgitation was graded 
at angiography as 1+ in 12 patients, 2+ in 4 and 3+ in 
1. Two children had previous repair of aortic coarcta- 
tion with no residual descending aorta gradient at cath- 
eterization. Two patients had a small ventricular septal 
defect and 2 patients had mitral valve abnormalities in- 
cluding mitral valve prolapse in 1 and mild mitral steno- 
sis in the other. 

Echocardiographic examinations: In each patient, 
the 2-dimensional and Doppler echocardiographic ex- 
amination was reviewed by 2 observers who had no 


p~ 


R=0.74 
SEE. =6.9 
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FIGURE 1. Comparisons of 
Deppler mean (top) and peak 
(bottom) gradients with the 
catheterization peak-to-peak 
gradient in 33 children with 
aortic stenosis. The dotted 
lines represent the 5 and 
95% confidence intervals. 
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knowledge of the results of catheterization or the pa- 
tient’s subsequent management. All echocardiographic 
examinations were performed from 1 to 90 days (medi-. 
an 1 day) before catheterization using either an Ad- 
vanced Technology Laboratories Mark 600 or Ultra- 
mark 8 system or an Acuson 128 computed sonography 
system. Using high pulse repetition frequency or contin- 
uous wave Doppler techniques, the AS jet was recorded — 


on videotape at 50 or 100 mm/s sweep speed. The AS 


jet was recorded from apical, right parasternal and su~- 

prasternal transducer positions. The Doppler recording 
that provided the highest value for the peak velocity was. 
used for subsequent measurements of the peak and | 
mean gradients. The simplified Bernoulli equation 
(pressure gradient = 4 X maximum velocity?) was used _ 
to calculate instantaneous pressure gradients. The peak _ 
instantaneous pressure gradient was defined as the larg- 
est of all the instantaneous gradients throughout systole 
and the mean gradient was calculated as the average of. 
all the instantaneous gradients throughout systole. Us- 

ing an off-line analysis system (Microsonics CAD 888), 
the gradients were calculated from a digital tracing of — 
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_ the outermost border of the Doppler spectral recording 
through systole. All data presented represent the aver- 
age of 3 or more cardiac cycles. 
_ Record review: The medical records of each patient 
<: were reviewed for the following information: (1) the 
medical history, with particular attention paid to the 
_ presence of symptoms including chest pain, syncope, 
dyspnea and easy fatigability; (2) results of exercise 
` treadmill tests; and (3) results of cardiac catheteriza- 
tion, with peak-to-peak pressure gradient across the aor- 
tic valve, left ventricular end-diastolic pressure, thermo- 
< dilution cardiac index and diagnosis of additional le- 
sions obtained from the catheterization report. 
_ Criteria for intervention: In our institution, the deci- 
sion for intervention was based on finding a catheteriza- 
tion peak-to-peak gradient of 275 mm Hg or from 50 
to 75 mm Hg in the presence of symptoms or an abnor- 
mal exercise treadmill test result. Using these criteria, 
23 of the 33 patients required intervention. Twenty-two 
had balloon valvuloplasty and 1 had aortic valve re- 
placement. 

Statistical analysis: The sensitivity and specificity of 
different Doppler mean gradients for predicting the 
need for intervention were calculated from a chi-square 
table. Doppler mean and peak instantaneous pressure 
gradients were compared to catheterization-measured, 

















DOPPLER MEAN GRADIENT 


100 120 


CATH PEAK TO PEAK GRADIENT 
(mmHg) 
















FIGURE 2. Comparison of the Doppler mean gradient, the 
catheterization peak-to-peak gradient and the need for inter- 
vention in 33 children with aortic stenosis. Children who 
required intervention are represented by solid squares. The 
children who did not need intervention are depicted as open 
triangles. The cross-hatched box on the upper right depicts 
the data from 12 children who required intervention and who 
had a Doppler mean gradient >27 mm Hg and a catheteriza- 
° “tion peak-to-peak gradient 275 mm Hg. The cross-hatched 

. box on the lower left represents the data from 3 patients who 
` did not require intervention and who had a Doppler mean gra- 
dient <17 mm Hg and catheterization peak-to-peak gradient 
30 mm Hg. The intermediate group in the dotted area repre- 
os. $ents.18 children, 11 of whom required intervention and 7 

-who did not. In this intermediate group, the mean gradient 
< was between 17 and 27 mm Hg, and the catheterization peak- 
- to-peak gradient was between SO and 75 mm Hg. In these 

















peak-to-peak pressure gradients using linear regression ` 
(p <0.05 indicated a significant correlation). 































RESULTS 

The data obtained from the review of the Doppler 
examination, the cardiac catheterization report and the 
medical records are listed in Table I. Using linear re- 
gression analysis, the Doppler mean and peak instanta- 
neous pressure gradients were compared to the catheter- 
ization peak-to-peak gradients (Figure 1). Significant 
correlations were found for both relations and the corre- 
lation coefficients were similar (r = 0.74 for mean gra- 
dient and 0.73 for peak instantaneous gradient). 

For each patient, the Doppler mean gradient, the 
catheterization peak-to-peak gradient and the need for 
intervention are compared in Figure 2. All patients with 
a Doppler mean gradient >27 mm Hg required inter- 
vention. This group included 12 children, all of whom 
had a catheterization peak-to-peak gradient of 275 mm 
Hg. All patients with Doppler mean gradients <17 mm 
Hg did not require intervention. This group included 3 
patients, all with peak-to-peak gradients <50 mm Hg. 
The remaining 18 patients with Doppler mean gradients 
between 17 and 27 mm Hg comprised an intermediate 
group in whom the Doppler mean gradient alone did 
not predict the need for intervention. In this group, 
catheterization peak-to-peak pressure gradients were 
between 50 and 75 mm Hg. 

The sensitivity and specificity of a given Doppler 
mean gradient for predicting intervention were calculat- 
ed from a chi-square table (Figure 3). As Figure 3 
shows, a Doppler mean gradient >27 mm Hg predicts 
the need for intervention with 100% specificity (no false 
positives); however, the sensitivity is low at 52% (11 
false negatives). In other words, there were 11 patients 
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FIGURE 3. The sensitivity and specificity for predicting the 


| TABLE! Data for the 33 Children with Aortic Stenosis 





Doppler Gradients 


Catheterization Data 
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Cl = cardiac index; ETT = exercise treadmill test; | = intervention; LV S/D = left ventricular systolic / diastolic pressures; PPG = peak-to-peak gradient; S = = symptoms; + = = present: 


O = absent; — = not done. 


who required intervention and who were not detected by 
this criterion alone. If a Doppler mean gradient of >24 
mm Hg is used as the criterion for intervention, then the 
sensitivity increases dramatically to 91% (2 false nega- 
tives), but the specificity decreases to 70% (3 false posi- 
tives). At lower Doppler mean gradients, sensitivity does 
not increase appreciably while specificity drops off con- 
siderably. 

To improve our ability to predict the need for inter- 
vention in patients with a Doppler mean gradient be- 
tween 17 and 27 mm Hg, we combined symptoms and 
an abnormal exercise treadmill test result with the 
Doppler mean gradient as criteria for intervention (Fig- 
ure 4). Thus, if the criterion for intervention is a Dopp- 
ler mean gradient >27 mm Hg or a Doppler mean gra- 
dient between 17 and 27 mm Hg in the presence of 
symptoms or an abnormal exercise treadmill test result, 
then the sensitivity and specificity improve considerably 
_ (Figure 4). A Doppler mean gradient 217 mm Hg in 
+ the presence of symptoms or an abnormal exercise 
treadmill test result predicts the need for intervention 
with: 6% sensitivity (1 false peas? and 80% Specific: 
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These combined criteria did not predict the need for 
intervention correctly in 3 of the 33 study patients (Ta- 
ble IT). One patient who required intervention was not - 
detected. This patient had a borderline Doppler mean 


gradient of 27 mm Hg with no symptoms and a cathe- 


terization peak-to-peak gradient of 104 mm Hg. Two 
patients were predicted as requiring intervention but did 
not receive it. One patient had a Doppler mean gradient 


of 27 mm Hg, a catheterization peak-to-peak gradient 
of 50 mm Hg and an abnormal blood pressure response. 


to exercise. Although the patient had criteria for inter- 
vention, the decision was made not to intervene. The | 
second patient had syncope with a Doppler mean gradi- 
ent of 22 mm Hg and a catheterization peak-to-peak 
gradient of 25 mm Hg. It is likely that symptoms in this 
patient were unrelated to AS. 


DISCUSSION 
In children with AS, the peak-to-peak pressure gra- i 


dient measured at cardiac catheterization is usually a` 


reliable indicator of the severity: of the obstruction and © 












_| ‘TABLE N Patients Not Correctly identified by Doppler Mean 
| Gradient >27 mm Hg or Between 17 and 27 mm Hg with 
| Symptoms or Abnormal Exercise Treadmill Test 





Doppler 
Mean Catheterization 
Gradient Gradient 


(mmHg) (mm Hg) ETT Symptoms 












False — 27 104 — (0) 
False + 27 50 Abn O 
False + 22 25 Ni Syncope 


Abn = abnormal; ETT = exercise treadmill test; NI = normal; — = not done. 








































amount of transvalvular flow. Children with AS, unlike 
adults, do not usually have diminished or increased left 
-ventricular stroke volume; therefore, this and other pres- 
sure gradients can be used to predict accurately the de- 
gree of AS. 

Transvalvular pressure gradients can be measured 
reliably by Doppler echocardiography as well. The peak 
instantaneous pressure gradient across the aortic valve 
can be calculated from the Doppler recording of the 
~ peak transaortic flow velocity using the simplified Ber- 
noulli equation.'-* When simultaneous Doppler and 
cardiac catheterization studies are performed, the 
Doppler-predicted peak instantaneous pressure gradient 
correlates closely with that measured at cardiac cathe- 
-= terization. However, the peak instantaneous pressure 

-gradient is not routinely measured at cardiac catheter- 
ization as an indicator of the need for intervention; 
therefore, the clinician has no suitable reference stan- 
-dard to which the Doppler peak instantaneous pressure 
gradient can be compared. The Doppler-predicted mean 
-pressure gradient is directly comparable to mean pres- 


SENSITIVITY (8) 
SPECIFICITY (%) 


“ SENSITIVITY 
æ SPECIFICITY 

















12 14 16 18 20 22 24 26 28 30 


MEAN GRADIENT (mmHg) 


need for intervention in children with aortic stenosis when the 
pier mean gradient between 17 and 27 men Hg in 
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“sure s gradient measured. at cardiac catheterization. 112 


Little information, however, is available in pediatric pa- 
tients relating the mean pressure gradient to the severity 
of stenosis and the need for intervention. In this study, 
we found that all children with a Doppler mean gradi- 
ent >27 mm Hg had a catheterization peak-to-peak 
pressure gradient 275 mm Hg and, therefore, required 
intervention. All children with a Doppler mean gradient 
<17 mm Hg had a catheterization peak-to-peak pres- 
sure gradient <50 mm Hg and did not require interven- 
tion. Children with Doppler mean gradients between 17 
and 27 mm Hg comprised an intermediate group with 
peak-to-peak pressure gradients between 50 and 75 mm 
Hg. In this group, the Doppler mean gradient alone was 
not sufficient to predict the need for intervention; how- 
ever, the presence of symptoms or an abnormal exercise 
test provided the additional necessary information for 
an accurate noninvasive assessment of the severity of 
the AS. 

In this study, a Doppler mean gradient >27 mm Hg 
or between 17 and 27 mm Hg in the presence of symp- 
toms or an abnormal exercise treadmill test predicted 
the need for intervention with 96% sensitivity (1 false 
negative) and 80% specificity (2 false positives). One of 
the false-positive patients had clinical criteria for inter- 
vention and did not receive it. Management decisions in 
any individual patient cannot always adhere to a rigid 
set of guidelines. This patient represents a deviation 
from the guidelines rather than an erroneous test result. 
In the other false-positive patient, intervention was pre- 
dicted on the basis of a Doppler mean gradient in the 
intermediate range in the presence of symptoms (synco- 
pe). However, symptoms in this patient were unrelated 
to the AS and no intervention was necessary. The re- 
maining false-negative patient had a borderline Doppler 
mean gradient of 27 mm Hg, no symptoms and a cathe- 
terization peak-to-peak gradient of 104 mm Hg. The 
large discrepancy between the Doppler mean gradient 
and the catheterization peak-to-peak gradient in this pa- 
tient probably stems from failure during the Doppler 
examination to record the jet velocities at an acceptable 
intercept angle. 

The Doppler-predicted mean and peak instantaneous 
pressure gradients correlated significantly with the 
peak-to-peak pressure gradient measured at cardiac 
catheterization (r = 0.74 for mean gradient and 0.73 
for peak instantaneous gradient). In several previously 
reported studies,** correlation coefficients have been 
higher. We believe that the correlation coefficients in 
our study were lower for the following reasons: (1) the 
Doppler and catheterization measurements were not 
made simultaneously!3; (2) no patient was excluded be- 
cause of the quality of the Doppler tracing; and (3) the 
study was performed retrospectively rather than pro- 
spectively, which influences who does the examination 
and how hard the examiner works to obtain the perfect 
Doppler tracing. 
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The electrocardiographic, hemodynamic and surgi- 
cal data of 30 patients who underwent a Fontan 
operation between 1977 and 1986 were retrospec- 
tively reviewed to identify the incidence and predic- 
tors of immediate and late postoperative arrhyth- 
mias and associated morbidity in long-term survi- 
vors. Of 4 patients who died <1 year after 
operation (mortality 13%), 1 death was related to 
an arrhythmia. Three patients were not in sinus 
rhythm before operation and were excluded from 
the statistical analysis that examined predictors of 
arrhythmias. The remaining 23 long-term survivors 
-have been followed 6.3 + 2.6 years (mean + stan- 
„dard deviation) since surgery and all remain in New 
York Heart Association functional class I or Il. Ten 
patients (43%) developed immediate postoperative 
arrhythmias (<30 days) whereas 11 (48%) had 
=- late arrhythmias. With up to 10.7 years of follow- 
“up, the proportion of patients free from late 
arrhythmias continues to decline. Arrhythmias 
‘included bradyarrhythmias, atrial tachyarrhyth- 
mias, the tachy-brady syndrome and supraventric- 
ular ectopic activity. Immediate postoperative ar- 
rhythmias predicted late arrhythmias (p = 0.022). 
‘The preoperative electrocardiogram was the only 

: variable useful in predicting both immediate and 
: -Jate postoperative arrhythmias. A more negative P- 

“wave deflection in lead V, (—2.4 + 0.7 vs —1.4 + 
1.2 mV, p = 0.02) predicted patients with immedi- 
ate postoperative arrhythmias, whereas both great- 
er P-wave duration and a more negative deflection 
‘cin this lead predicted late arrhythmias (103 + 14 
vs 83 + 20 ms, p = 0.01, and —2.5 + 0.8 vs —1.3 
+ 1.0 mV, p = 0.005, respectively). 

Of the 26 surviving patients, 10 (38%) have re- 
quired =1 hospitalizations for control of late ar- 
rhythmias. Eight patients are receiving mainte- 
nance therapy with multiple antiarrhythmic drugs 
including amiodarone (1 patient) and 5 have re- 
ceived permanent epicardial pacemakers. Thus, de- 
spite excellent functional results after the Fontan 
operation, postoperative arrhythmias are frequent 

_. and cause significant morbidity that will continue to 
< Increase with time. Atrial abnormalities on the pre- 
-operative electrocardiogram predict those patients 
; will develop arrhythmias both in the immediate 
__ and late postoperative periods. The appearance of 
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and Subsequent Morbidity After the 
Fontan Operation 


Howard S. Weber, MD, William E. Hellenbrand, MD, Charles S. Kleinman, MD, 
Robin A. Perlmutter, MPH, and Lynda E. Rosenfeld, MD 


an immediate postoperative arrhythmia also pre- 
dicts the subsequent development of late arrhyth- 
mias. Recognition of these predictors may facilitate 
monitoring and therapy of such patients. 

(Am J Cardiol 1989;64:762-—767) 


aintenance of adequate circulation after experi- 
Mee! exclusion of the right ventricle was 

first demonstrated by Rodbard and Wagner! 
in 1949. Fontan and Baudet in 1968? reported the first 
successful bypass of the right ventricle in a patient with 
tricuspid atresia. Since then the Fontan operation has 
undergone numerous modifications.*4 As a result of im- 
proved surgical techniques, many patients with complex 
congenital heart defects previously believed to be inop- 
erable are now surviving the Fontan operation with 
good hemodynamic and functional results during 10 to 
15 years of follow-up.>-!© Yet early and, increasingly, 
late postoperative arrhythmias are proving to be a sig- 
nificant problem in these patients.’-!? The purpose of 
this report is to determine the incidence, type and mor- 
bidity of immediate and late postoperative arrhythmias 
experienced by long-term survivors of the Fontan opera- 
tion with preoperative sinus rhythm and a good func- 
tional result, and to examine the utility of various pre- 
operative and postoperative variables in predicting such 
arrhythmias. 


METHODS 

We retrospectively reviewed the hospital and clinic 
charts, operative records, serial 12-lead electrocardio- 
grams, 24-hour ambulatory electrocardiographic re- 
cordings and the preoperative and postoperative cardiac 
catheterization reports of 30 patients who underwent a 
Fontan operation or one of its modifications between 
1977 and 1986. Four patients died (mortality 13%); 2 in 
the immediate postoperative period and 2 within a year 
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after ‘surgery. One death 4 months after surgery was 


| attributed to an atrial tachyarrhythmia that resulted in 


low cardiac output. These 4 patients were excluded 
from statistical analysis because follow-up was <1 year 
and complete hemodynamic and electrocardiographic 
data were not available. Three patients were not in sinus 
rhythm preoperatively; 2 had a low right atrial pace- 
maker (P-wave axis —30°) and 1 had a junctional 
rhythm with retrograde atrial activation. The remaining 
23 long-term survivors with no preoperative rhythm dis- 
turbances have been followed 6.3 + 2.6 years (mean + 
standard deviation) (range 1 to 10.7) since their Fontan 
operations. All remain in New York Heart Association 
functional class I or H and thus have had good hemody- 
namic results. 

The study population comprised 16 males and 7 fe- 
males whose mean age at operation was 10.5 + 6.2 
years (range 1.3 to 21.0). All patients had situs solitus. 
Twelve patients (52%) had “noncomplex” anatomy, 
that is, tricuspid atresia, ventricular septal defect and 
normally related great arteries with or without restric- 
tion to pulmonary flow, whereas 11 (48%) had “com- 
plex” anatomy, including 5 with various forms of single 
ventricle. with or without pulmonary stenosis, 3 with 
pulmonary atresia and intact ventricular septum, 2 with 
tricuspid atresia, ventricular septal defect and d-trans- 
position of the great arteries with pulmonary stenosis 
and 1 with tricuspid and pulmonary atresia. 

Twenty patients (87%) had 1 to 4 palliative proce- 
dures, including a systemic to pulmonary artery shunt 
(16 patients), Glenn shunt (10), balloon atrial septosto- 
my (7), atrial septectomy (3), pulmonary artery band- 
ing (3) and tricuspid valve avulsion (1). The Fontan op- 
eration consisted of a right atrium to pulmonary artery 
connection in 14 patients (61%) and a right atrium to 
right ventricular connection in 9 patients (39%). Five 
patients (22%) underwent a “complex” Fontan repair 
requiring atrial partitioning and multiple atrial suture 
lines or replacement of a systemic atrioventricular valve, 
whereas the remaining 18 patients (78%) had simple 
atrial and ventricular septal defect closure by direct. su- 
ture or patch technique, minimizing atrial surgery. A 
conduit was used in 15 patients (65%), 8 from the right 
atrium to the right ventricle and 7 from the right atrium 
to the pulmonary artery. Six of 8 (75%) conduits from 
the right atrium to the right ventricle and 2 of 7 (29%) 
from the right atrium to the pulmonary artery were 
valved. Six patients (26%) have required additional car- 
diac surgical procedures after their Fontan operations, 
that is, 3 conduit replacements, 1 systemic atrioventric- 
ular valve replacement, 1 valve placement in a previous- 
ly nonvalved conduit and 1 resection of subaortic ob- 
struction. 

The surgical variables analyzed included preopera- 
tive anatomy (noncomplex vs complex), number of pal- 
liative procedures preceding repair, palliative proce- 
dures directly involving the atrium, age at time of Fon- 
tan operation, type of Fontan operation performed 
{atrioventricular vs atriopulmonary), complexity of 


TABLE I Potential Predictors of Postoperative Arrhythmias 
- ; . 


Duration Deflection 
Pt (mv) 


~2.5 
-18 
-4.0 
-1.5 
—2.0 
-2.5 
-0.5 
-1.0 
-3.0 
—0.5 
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Arrhythmia 
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Mean + SD 91421 

P Deflection = negative P-wave deflection in lead Vi; P Duration = P-wave duration» 
in lead V;; SD = standard deviation; + = arrhythmia present; O = arrhythmia absent; |- 
— = data not available due to absence of lead V; on the preoperative electrocardio- -f 
gram. 


Fontan operation (noncomplex vs complex), use of a` 


conduit, presence of a valve in the conduit, mean esoph- 


ageal temperature during cardiopulmonary bypass, 
mean cardiopulmonary bypass time, mean aortic cross 


clamp time and need for further cardiac surgery after - 


the initial Fontan procedure. a 
The serial 12-lead electrocardiograms of all 23 pa- 
tients from the preoperative period to latest follow-up: 
were independently examined by 2 observers. The pre-. 
operative 12-lead electrocardiogram obtained closest to 
the time of the Fontan operation (3.4 + 9.7 months pre-. 
operatively) was reviewed for predictors of arrhythmias. 
Variables analyzed included PR interval (shortest mea- 
sured in 12-lead electrocardiogram), P-wave amplitude | 


in lead II, P-wave axis in frontal plane, P-wave duration = - 


in lead Vj, negative P-wave deflection in lead V}, QRS 


axis in frontal plane and QRS duration (longest mea- 


sured in 12-lead electrocardiogram). Twelve patients, 7. 
with and 5 without late postoperative arrhythmias, had 
1 or more 24-hour ambulatory electrocardiograms per- 
formed after the Fontan operation. Two patients had 
their late arrhythmias diagnosed during the 24-hour 
ambulatory electrocardiogram. 
An immediate postoperative arrhythmia was defined 
as one occurring <30 days after surgery, whereas a late _ 
arrhythmia was one occurring after this period. Bra- — 
dyarrhythmias included any supraventricular rhythm; 


regardless of whether the rate was normal for age, that SS i 


did not originate in the area of the normal sinus node 
determined by the P-wave axis on the surface el 
cardiogram, or any sinus rate or. pause considerei 





7 normal or age as established by ‘Gabon! 18 Tachyar- 





`- rhythmias were defined as rhythms that were abnormal- 
“-ly-rapid for age and not sinus in origin. All patients, 
including those who had experienced arrhythmias in the 
immediate postoperative period, were documented to be 
in sinus rhythm at the time of hospital discharge. No 
late arrhythmias were the result of the continuation of 
early postoperative arrhythmias. 
All 23 patients underwent cardiac catheterization 7 
£10 months before operation and 46 + 35 months af- 
ter. All postoperative catheterizations were performed 
either before or within 6 months of any late arrhyth- 
: mias. The hemodynamic variables measured at cathe- 
terization included mean right atrial pressure, mean 
pulmonary artery pressure, systemic arterial oxygen sat- 
uration, left ventricular end-diastolic pressure; angio- 
graphic postoperative ejection fraction of systemic ven- 
tricle and mean gradient across Fontan anastomosis. 
Statistics: Categorical data were evaluated using 
chi-square analysis with Yates correction. Numerical 
data were analyzed using the Student ¢ test for unpaired 
data. Significance was defined as p <0.05. The relative 
effect of >1 independent variable was assessed using 
stepwise logistic regression with variables for which p 
<0.10 entered into the model. 
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Ten of 23 patients (43%) developed arrhythmias in 
the immediate (<30 days) postoperative period, includ- 
ing 6 patients with bradyarrhythmias, 3 with atrial 
tachyarrhythmias and 1 with frequent junctional pre- 
mature beats. Eleven of 23 patients (48%) developed 
late arrhythmias, including 2 patients with bradyar- 
rhythmias, 5 with atrial tachyarrhythmias and 4 with 
both bradyarrhythmias and atrial tachyarrhythmias 
(Figure 1). The development of immediate postopera- 
tive arrhythmias predicted late arrhythmias (p = 
0.022). Figure 2 shows that the proportion of patients 
free from late arrhythmias gradually declined during a 
follow-up period of up to 10.7 years from the time of 
operation. 

Among the variables examined, only the preopera- 
tive electrocardiogram provided predictors of postopera- 
tive arrhythmias (Table I). A more negative P-wave de- 
flection in lead V, predicted those patients who devel- 
oped immediate postoperative arrhythmias (—2.4 + 0.7 
vs —1.4 + 1.2 mV, p = 0.02), while both a greater P- 
wave duration (103 + 14 vs 83 + 20 ms, p = 0.01) and 
a more negative P-wave deflection (—2.5 + 0.8 vs —1.3 
+ 1.0 mV, p = 0.005) in lead V, predicted late arrhyth- 
mias. Figure 3 shows how these P-wave measurements 
were obtained. Although not included in the statistical 
analysis, the patient who died of a late tachyarrhythmia 
also had significant preoperative abnormalities in atrial 
conduction (P-wave duration in lead V; = 110 ms, neg- 
ative P-wave deflection in lead V; = —2.25 mV). 

Complexity of anatomy or surgery, number or type 
of preceding palliative procedures, use of a conduit with 
or without a valve, or whether there was a need for fur- 
ther cardiac surgery after the Fontan procedure all 
failed to distinguish patients with either immediate or 
late arrhythmias (p >0.05 for all comparisons). Similar- 
ly, age at the time of the Fontan operation did not sepa- 
rate those patients who developed immediate or late 
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FIGURE 2. Percentage of patients remaining arrhythmia-free 
after the Fontan operation. The closed squares mark the. 
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postoperative arrhythmias from those who did not (9.5 
£45 vs 11.3 47.3 and 11.4 + 4.6 vs 9.7 + 7.5 years, p 
>0.05 for both comparisons). 

Morbidity and follow-up: The duration of postopera- 
tive follow-up in patients who have not developed late 
arrhythmias (5.0 + 1.9 years) is similar to the time to 
onset of late arrhythmias in patients who have them 
(4.9 + 3.6 years, p >0.05). Of the 26 long-term survi- 
vors, 10 (38%) have required 21 hospitalizations for 
control of late arrhythmias. One patient presented in 
atrial fibrillation with low cardiac output and a throm- 
bosed conduit. Immediate surgical replacement was re- 
quired. This patient was the exception, as the other late 
arrhythmias neither precipitated nor were the result of 
severe hemodynamic disorders. Five patients (19%) did, 
however, present with presyncope related to tachyar- 
rhythmias, whereas patients with bradyarrhythmias 
have not been as symptomatic. 

Therapy for late arrhythmias involved the use of di- 
rect current cardioversion in 4 patients and the adminis- 
tration of additional antiarrhythmic agents (besides di- 
goxin) in 8 patients. A variety of antiarrhythmics failed 
in several patients, which required frequent medication 
changes, the use of multidrug regimens and drugs with 
less attractive hemodynamic and side effect profiles, in- 
cluding amiodarone in 1 patient. Five patients (19%) 
have required permanent epicardial pacemakers, 2 for 
early postoperative bradyarrhythmias (complete atrio- 
ventricular block and sinus node dysfunction), 2 pro- 
phylactically after the administration of type IA agents 
for atrial tachyarrhythmias and 1 for sinus node dys- 
function after aggressive treatment of an atrial tachyar- 
rhythmia. Although all 26 survivors remain in New 
York Heart Association functional class I or I, patients 
with late arrhythmias have lost considerable school and 
work time as a result of this complication. Several hos- 
pitalizations have been precipitated by the patients’ in- 
ability to comply with multidrug regimens. 


DISCUSSION 

Previous studies of postoperative Fontan patients 
have noted a 14 to 50% incidence of arrhythmias in pa- 
tients with good hemodynamic results, but have not 
carefully considered issues such as risk factors and mor- 
bidity.8-!7 Our study demonstrates that, with long-term 
follow-up, a large percentage of patients with preopera- 
tive sinus rhythm (48%) will develop late arrhythmias, 
and that with a maximal follow-up of 10.7 years there 
has been a continuous decline in the proportion of ar- 
rhythmia-free patients. We speculate that this trend will 
continue. Late bradyarrhythmias have generally been 
well tolerated, whereas atrial tachyarrhythmias have led 
to hemodynamic compromise, significant late morbidity 
and 1 late mortality. The hemodynamic status of all 
survivors remains good and, although we were unable to 
distinguish patients with postoperative arrhythmias us- 
ing hemodynamic and surgical variables, preoperative 
abnormalities in atrial conduction were more pro- 
nounced in patients with such arrhythmias. 


Only a few studies have examined the hemodynamic | 
effects of atrioventricular synchrony, bradyarrhythmias: 
and atrial tachyarrhythmias after the Fontan operation: 
De Leval et al!? have demonstrated that the right atri 
um does not have an efficient pumping function and 
more likely acts as a reservoir in the atriopulmonary 
connection. Behrendt and Rosenthal!! and Sharrat et 
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FIGURE 3. Example of patient 3 with preoperative abnormali- 
ties in atrial conduction (top) and subsequent late postopera- : 
tive atrial flutter with 2:1 block (bottom). A = negative P- 
wave deflection in lead V,, measured from the isoelectric 
baseline to the point of maximal negative deflection (—4.0 
mV); B = P-wave duration in lead V;, measured from the 
point where the tracing leaves the isoelectric baseline to the 
point where it returns to the isoelectric line (120 ms); F = i 
flutter waves. : 
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< all? have shown that certain bradyarrhythmias (atrio- 

ventricular dissociation: and complete atrioventricular 
block) are hemodynamically well tolerated. Conversely, 
~ Stanton et al!3 found that rapid atrial pacing resulted in 
hypotension in 2 patients after an atrioventricular anas- 
tomosis, and concluded that certain atrial tachyarrhyth- 
mias will be poorly tolerated. Our experience supports 
~ the view that bradyarrhythmias involving a loss of atrio- 
ventricular synchrony will be less symptomatic than 
atrial tachyarrhythmias, which may result in hemody- 
“namic deterioration, perhaps because the atria become 
a less compliant reservoir in the setting of accelerated or 
disorganized atrial contraction. 

A high incidence of late postoperative atrial arrhyth- 
mias gradually increasing with continued follow-up and 
_. related to complex intraatrial surgery also has been de- 

scribed by Deanfield et al? in patients undergoing the 
Mustard or Senning operation (34 and 44%, respective- 
ly). In an analogous fashion we found that only 52% of 
our patients in normal sinus rhythm before operation 
remain in sinus rhythm in the long term, and that there 
appears to be a continuing decline in the percentage of 
arrhythmia-free patients (Figure 2). Complexity of sur- 
“gery did not, however, identify patients at increased 
risk, suggesting that even minimal atrial surgery com- 
bined with the underlying atrial abnormalities identified 
-= by the preoperative electrocardiogram may result in the 
frequent postoperative arrhythmias we observed. 

One study!® has examined potential risk factors for 
postoperative atrial tachyarrhythmias in patients under- 
going a Fontan procedure. Porter et al!® found a signifi- 
cant cumulative incidence of such arrhythmias in 134 

“survivors with tricuspid atresia (42% at 7.5 years). Risk 
factors included male sex, increased cardiothoracic ra- 
tio, atrioventricular valve replacement, increased pulmo- 
nary artery pressure, increased left ventricular end-dia- 
stolic pressure and increased cardiopulmonary bypass 
time. However, only preoperative hemodynamic vari- 
ables were examined, which may not reflect the pa- 
tients’ status at the time of late arrhythmias. In con- 
trast, we evaluated the postoperative hemodynamics of 
all patients with or without late arrhythmias and discov- 
ered no statistically significant differences. Concordant 
‘with our results, Porter et al'® found that patients who 
developed immediate postoperative arrhythmias were at 
_-preater risk for late arrhythmias. No information is 
available as to whether these late postoperative arrhyth- 
mias represented a continuation of or inadequate con- 
trol of early arrhythmias. Among our patients, all were 
in normal sinus rhythm at the time of hospital dis- 
charge, and only 2 of 13 had the same rhythm distur- 
bance in the early and late postoperative periods. In ad- 
dition, the relatively long time to the development of 
-late arrhythmias (4.9 + 3.6 years) makes inadequate 
control of early postoperative arrhythmias an unlikely 
: cause for them. 

In our series, 4 of 11 patients (36%) with late ar- 
~~ thythmias have developed the tachy-brady syndrome as 
-described in postoperative Mustard patients,?! and it is 
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“likely that the incidence of this complication will in 


crease. Whether the risk of sudden death- from. this- 
complication is similar to that for patients undergoing 
the Mustard operation (0.5%/year) is unknown.?2-?4 
This complication was shown by Flinn et al?> not to be 
reduced by prophylactic pacemaker placement, and 
thus atrial tachyarrhythmias may be implicated. 

Clinical implications: We have demonstrated both a 
high incidence of atrial arrhythmias and a gradual loss 
in the proportion of arrhythmia-free patients with con- 
tinued follow-up after the Fontan operation. Further- 
more, these electrocardiographically documented ar- 
rhythmias represent a minimal incidence, as some 
asymptomatic arrhythmias may have gone unrecog- 
nized. Although surgical and hemodynamic variables 
did not distinguish our patients, we did discover pre- 
operative abnormalities in atrial conduction in those 
with immediate and late postoperative arrhythmias, 
suggesting the presence of underlying atrial disease. 
Identification of these preoperative atrial abnormalities 
may thus facilitate long-term follow-up. In addition, the 
significant late morbidity due to presyncopal symptoms, 
additional hospital admissions for arrhythmia control 
and subsequent pacemaker placement (19, 43 and 19% 
of patients, respectively) and their social and monetary 
consequences must be recognized. Although not includ- 
ed in our analysis because of his relatively short postop- 
erative follow-up, 1 patient did die in association with 
an atrial tachyarrhythmia. The ultimate development of 
a tachy-brady syndrome in a number of our patients is 
reminiscent of the Mustard operation and suggests that 
our patients continue to be at risk for this complication. 
Close follow-up, prophylactic pacemaker placement in 
selected patients, aggressive treatment of atrial 
tachyarrhythmias and possibly operation at an even ear- 
lier age or newer modifications of the Fontan operation 
(e.g., total cavopulmonary connection) may reduce the 
incidence of these late complications. 
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Because of the rarity of univentricular heart and 
tricuspid atresia, no study of a large number of 
patients has been made to determine the empiric 
occurrence risks of a congenital heart defect in 
their siblings. A retrospective chart review was 
performed of 223 patients with univentricular heart 
and 113 with classic tricuspid atresia evaluated 

`- from 1982 to 1987. Thirty-four patients with uni- 

_ -ventricular heart and 17 with tricuspid atresia had 

`- no siblings and were excluded. Eleven of the total 
388 siblings (2.8%) of the 189 patients with uni- 
ventricular heart had a congenital heart defect. Of 
the siblings born after the index case of univentri- 
cular heart, 7 of 169 (4.1%) had a congenital heart 
defect. Two of the 210 siblings (1.0%) of the 96 

z patients with tricuspid atresia had a congenital 
heart defect. 

<< The patients with univentricular heart were sub- 
divided into 4 groups: (1) double-iniet left ventricle; 
(2) complex univentricular heart with single or com- 
mon inlet, or with a ventricle of common or right 

-ventricular morphology; (3) complex univentricular 
-heart with asplenia; and (4) complex univentricular 
_ heart with polysplenia. One of the 202 siblings 
-- (0.5%) of the 102 patients with doublie-iniet left 
ventricle had a congenital heart defect, compared 
_ with 7 of the 140 siblings (5.0%) of the 69 patients 
with complex univentricular heart, 1 of the 29 sib- 
=: lings (3.4%) of the 14 patients with complex uni- 
-0 ventricular heart and asplenia, and 2 of the 7 sib- 

“ lings (28.6%) of the 4 patients with complex uni- 
- ventricular heart and polysplenia. Thus, as 
predicted by the multifactorial model, the occur- 

-. rence risk is higher for siblings of patients with 
more complex forms of univentricular heart. Splen- 
ic status should be ascertained, because this may 
affect the occurrence risk. 

(Am J Cardiol 1989;64:768-771) 
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~ Occurrence of Congenital Heart Defects 
in Siblings of Patients with Univentricular Heart 
and Tricuspid Atresia 


Thomas J. Weigel, MD, David J. Driscoll, MD, and Virginia V. Michels, MD 


niventricular heart is a rare cardiac anomaly ac- 
| | counting for fewer than 1.5% of congenital heart 
defects.!-5 To date, there have been 2 case re- 
ports of sibling occurrence of isolated univentricular 
heart.67 There are also sporadic reports of isolated uni- 
ventricular heart occurring in first-degree relatives of 
subjects with other types of congenital heart defect.8? 
In contrast, there have been several reports of sibling 
occurrence of a congenital heart defect in patients with 
asplenia and polysplenia syndromes, both of which may 
include univentricular heart.8!0-!5 Because of the rarity 
of univentricular heart, no studies have been made of a 
large number of patients to determine the empiric risks 
of a congenital heart defect in siblings. Tricuspid atresia 
is more common than univentricular heart. Studies 
have been performed for 52 probands with tricuspid 
atresia, and the occurrence risk for a congenital heart 
defect is 1.0% in siblings.'*-!8 The purpose of this study 
was to determine the occurrence of a congenital heart 
defect in siblings of patients with univentricular heart 
and tricuspid atresia. 


METHODS 

We reviewed the medical records of 223 patients 
with univentricular heart and 113 patients with classic 
tricuspid atresia evaluated from 1982 to 1987. Classic 
tricuspid atresia was defined as levocardia with situs so- 
litus of the atria and viscera, right atrioventricular valve 
atresia, D-ventricular loop and either normally related 
or D-transposed great arteries. Cases of univentricular 
heart were subdivided into 4 groups: (1) double-inlet 
single ventricle of left ventricular morphology; (2) com- 
plex univentricular heart with single or common inlet, 
or with a ventricle of common or right ventricular mor- 
phology; (3) complex univentricular heart with asple- 
nia!®; and (4) complex univentricular heart with poly- 
splenia. Asplenia was diagnosed by the presence of 
Howell-Jolly bodies on peripheral blood smear, by echo- 
cardiography, other diagnostic imaging techniques or 
autopsy, or by cardiac anatomy consistent with the 
asplenia syndrome.'? Polysplenia was diagnosed by 
presence of multiple spleens detected by echocardiogra- 
phy or other imaging techniques, or autopsy and cardiac 
anatomy consistent with the polysplenia syndrome.?°?! 

Each chart contained a family history questionnaire, 
which is part of the routine initial pediatric assessment 
at our institution. Ifa sibling was-noted to have.a con- - 
genital heart defect, we reviewed the detailed genetic- 
Mistry © or the sibling: s own medical record. Documenta- 





TABLE I Patients with Univentricular Heart or Tricuspid Atresia with Siblings with Congenital Heart Disease _ 


Age 
Index (yrs), Diagnostic Sibling with 


CHD in Index Pt CHD 


DILV 

Polysplenia, SILV Oider male 

Polysplenia, SIV, BSVC 

Asplenia, CA, TAPVR, 
LSVC, CIV, D-TGA, PS 

CIV 

ID, LSVC, SILV 


Older male 


LAW atresia, SILV Older male 
ID, RAVV hypoplasia, 
DILV, PS, L-TGA 


LAVV atresia, SIRV, PA Older male 


Younger male 
Younger female 
Older female 
Older female 


10 ; DIRV „E 
11 r TA, type 1B „E 


* Sibling died via elective abortion after fetal echocardiogram findings. 


Ings. : 
AA = aortic atresia; AS = aortic stenosis; ASD = atrial septal defect; BSVC = bilateral superior vena cava; C = catheterization; CA = common atrium; CCHD = cyanotic congenital. 
heart disease; CHD = congenital heart defect; CIV = commortiniet ventricle; D-TGA = complete transposition of great arteries; DICV = double-inlet common ventricle; DILV = double-. f- 
inlet left ventricle; DIRV = double-iniet right ventricle; DORV = double-outlet right ventricle; E = echocardiography: H 
corrected transposition of great arteries; LAVV = left atrioventricular valve; LPA = left pulmonary artery; LSVC = left superior vena cava; MA = mitral atresia; MVP = mitral valve pro- p= 
lapse; PA = pulmonary atresia; PFO = patent foramen ovale; PS = pulmonary stenosis; RAVV = right atrioventricular valve; SILV = single-iniet left ventricle: SIRV = single-iniet right: > 
ventricle; SIV = single-inlet ventricle; TA = tricuspid atresia; TAPVR = total anomalous pulmonary venous return; VSD = ventricular septal defect. : 


tion of the sibling’s congenital heart disease, therefore, 
was made by history, catheterization, echocardiography 
or autopsy. Also noted were associated congenital mal- 
formations of the proband or siblings and presence of a 
congenital heart defect in parents or offspring of the 
proband. 

Statistical analysis was performed by use of Fisher’s 
exact test. A p value <0.05 was statistically significant. 


RESULTS 

Of the 223 patients with univentricular heart and 
113 patients with tricuspid atresia, 34 and 17, respec- 
tively, had no siblings and were excluded from analysis. 
Eleven of the total 388 siblings (2.8%) of the 189 pa- 
tients with univentricular heart had a congenital heart 
defect. Of the siblings born after the index case, 7 of 
169 (4.1%) had a congenital heart defect. Two of the 
210 siblings (1.0%) of the 96 patients with tricuspid 
atresia had a congenital heart defect and were in the 
same family. Both of these siblings were older than the 
index patient. 

Three of the 11 siblings with a congenital heart de- 
fect in the univentricular heart group also had a univen- 
tricular heart (27% concordance) (Table I). Three of 
the remaining 8 siblings had conotruncal abnormalities. 
The mother of patient 1 (Table I) had a history of ru- 
bella during the first trimester of the second pregnancy. 
Three other siblings with a congenital heart defect in 
the univentricular heart group had flow-related lesions. 

When the patients with univentricular heart were 
“separated into groups based on ventricular morphology, 


: _ complexity of the lesion and associated splenic abnor- 


the occurrence risk in siblings was higher for 


Younger male 


Younger female 


Younger male 
Younger male 


Younger male* 


No. of 
Siblings 
Without CHD 


Diagnostic 
CHD in Sibling 


PS 

DORV, VSD, subvalvular 
PS, PFO 

Polyspienia, SIV, BSVC 

D-TGA, PS, VSD, 
absent LPA 

ASD closure 

Unknown CCHD 
(died in 2 years) 

AS (mild with bicuspid 
valve) 

Dextrocardia, CA, CIV, 
RAW hypoplasia 

Unknown CCHD 
(died in 3 hours) 

HLH (MA, AA) 

DICV, PS C, autopsy 

ASD closure History 

MVP E 


E, autopsy 
History 


Autopsy 


LH = hypoplastic left heart; ID = isolated dextrocardia; L-TGA =- 





patients with complex univentricular heart with or with- 
out asplenia or polysplenia than for patients with u 
ventricular heart of double-inlet left ventricular mo 
phology (p <0.005) or tricuspid atresia (p <0.02) (Ta- 
ble II). The risk was also significantly different if only 
siblings born after the index patient were included (p 
0.05). The highest occurrence risk (28.6%) was for- 
complex univentricular heart with polysplenia syn- 
drome. Two of 7 siblings of the 4 patients in this group 
had a congenital heart defect. We may have underesti- 
mated the number of patients in the polysplenia group, - 
however, because only 38% of the patients in the com- 
plex univentricular heart group had polysplenia definite- 
ly excluded by echocardiography, abdominal ultra- 
sound, radionuclide scanning or magnetic resonance im- 
aging. 
In the univentricular heart group, 2 of the mothers 
(but none of the fathers) of the 189 probands had a | 


heart defect. Both had mitral valve prolapse. Six of the 


index patients had children. Five of these 6 were male 
(3 with double-inlet left ventricle, 1 with univentricular 
heart of right ventricular morphology and 1 with asple- 
nia syndrome), and they had a total of 14 children and ~ 
1 grandchild. All were healthy, without congenital heart 
disease. One female patient with univentricular heart 
(double-inlet left ventricular morphology) had 1 healthy 
child without congenital heart disease, 1 premature in- 
fant that died and | spontaneous abortion. Sate: 
In the tricuspid atresia group, 1 mother had a surgi- 
cally closed atrial septal defect and 1 father had Wolff- 
Parkinson-White syndrome. Two male patients with tr 
cuspid atresia had a total of 3 children, all heal 
There was 1 stillborn infant born to a female patient 

















Younger Siblings Older Siblings 












Siblings with CHD* No. of No. of with CHDt with CHD 
: No. of No. of —— Siblings Siblings 
“Type of CHD Pts Siblings (n) (%) Younger Older (n) (%) (n) (%) 
DILV 102 202 1 0.5 91 121 1 Ll 0 0 
Complex 69 140 7 5.0 63 77 5 7.9 2 2.6 
Asplenia 14 29 1 3.4 11 18 0 0 1 5.6 
» Polysplenia 4 7 2 28.63 4 3 1 25 1 33 
Total UH 189 388 il 2.8 169 219 7 41 4 18 
(1,4-5.0%)§ (1.7-8.4%)§ (0.5-4.6%)§ 
TA 96 210 2 1.0 72 138 0 0 2 14 


(0.1-3.6%)§ 





planation; § 95% confidence limits. 
<=. UH = univentricutar heart. Other abbreviations as in Table |. 


* DILV compared with complex (p = 0.008), DILV with polysplenia (p = 0.003), DILV with complex, asplenia and polysplenia (p = 0.003), TA with complex, polysplenia and asplenia 
(p =.0.015); * DILV compared with complex, asplenia and polysplenia (p = 0.05), TA with complex, asplenia and polysplenia (p = 0.029); # may be an overestimation, see text for ex- 


(0-4.9%)8 (0.17-~-5.07%)§ 


























































with tricuspid atresia. Only 1 patient with tricuspid 
‘atresia had consanguinous parents (a paternal uncle- 
“ħiece mating); this patient had no siblings. 

Two patients in the univentricular heart group had 
chromosomal abnormalities (1 with Down’s, 1 with 
-Turner’s syndrome; neither had siblings), and 3 had ex- 
tracardiac malformations (1 each with myelomeningo- 
‘cele, hemangioma of the ribs and aplasia cutis). One 
patient with asplenia syndrome may have had immotile 
cilia syndrome, and 1 (patient 8 in Table I) had factor 

- XII deficiency. Five of the 388 siblings had an extracar- 
diac abnormality (2 with cleft lip or palate or both, and 
Teach with osteogenesis imperfecta, clubfoot and mye- 
- lomeningocele). 
‘In the tricuspid atresia group, 9 of the 96 patients 
had major extracardiac malformations. Two patients 
had cranioskeletal abnormalities (1 with cleft palate 
and radial hypoplasia, and 1 with mandibular hypopla- 
sia and absent radius) and 3 had gastrointestinal abnor- 
=- malities (1 each with tracheoesophageal fistula, ompha- 
` Jocele and duplicated gallbladder and cystic duct). One 
additional patient had vertebral defects, imperforate 
anus, tracheoesophageal fistula and radial and renal 
dysplasia. Only 1 of the 210 siblings, however, had ex- 
~~ tracardiac malformations. This sibling was anencephal- 
~ 4c. The prevalence of major extracardiac malformations 
in all participants in the study (patients and siblings in 
both the univentricular heart and the tricuspid atresia 
groups) was 2.0%. 


DISCUSSION 
This study provides an occurrence risk of 2.8% for 
siblings of patients with a rare congenital heart defect, 
-univentricular heart. The recurrence rate for siblings 
~ younger than the index patient is slightly higher (4.1%), 
as opposed to the occurrence rate for siblings older than 
the index patient (1.8%). These percentages are higher 
than those predicted by Nora.*? Our data are consistent 
` with recent reports®3 that rare congenital heart lesions 
- recur more frequently than previously believed. The oc- 
currence risk for siblings of patients with tricuspid atre- 
sia, however, was lower (1.0%) and is in agreement with 






those in previous studies'**4 and with predictions made 
by Nora.?? 

The reason for the different occurrence risks in sib- 
lings of probands with different subsets of univentricu- 
lar heart and tricuspid atresia is unclear, but several 
possible explanations exist. One explanation is that the 
univentricular heart group may include heterogeneous 
subsets with different genetic implications. From our 
study, patients with complex forms of univentricular 
heart were more likely to have siblings with congenital 
heart disease than were those with double-inlet left ven- 
tricle (5.0 vs 0.5%). This finding is similar to data pre- 
sented by Pierpont et al*? for truncus arteriosus, in 
which the total risk for siblings of patients with truncus 
arteriosus was 6.6%, but the risk for siblings of patients 
with simple truncus was 1.6%, compared with 13.6% for 
complex truncus with associated cardiovascular malfor- 
mations. Patients with more severe, complex forms of 
congenital heart disease may reflect a greater genetic 
predisposition for development of a heart defect. This 
possibility is compatible with the multifactorial model, 
which predicts a higher risk of recurrence in family 
members with more severe defects. 

Siblings of patients with univentricular heart and po- 
lysplenia syndrome are at a higher risk to have congeni- 
tal heart disease than those with a normal spleen. Al- 
though our series of patients with polysplenia is very 
small, this increased risk is consistent with findings in 
previous reports?’ and emphasizes the importance of de- 
termining splenic status for appropriate genetic counsel- 
ing. 
The concordance rate in the univentricular heart 
group in our study was 27%. However, when the sib- 
lings’ congenital heart defect was organized by develop- 
mental and mechanistic groups according to the guide- 
lines followed in the Baltimore-Washington population 
study,!8 6 of the 9 known diagnoses were concordant. 
This degree of concordance is consistent with values in 
previous studies.9.!8.26.27 
Some recent reports suggest that children. of patients.” 
with congenital heart disease are at high risk for a con- 
genital heart defect.?8-3! This risk, however, was not ap- 









parent in our study. There were no known instances of a 
congenital heart defect among the 20 children of 8 pa- 
tients. 

The patients in this study may represent a selected 
group of patients with univentricular heart or tricuspid 
atresia, because they all lived long enough to be consid- 
ered for the Fontan procedure. There is no reason to 
believe, however, that occurrence rates in siblings of pa- 
tients who did not survive long enough for Fontan eval- 
uation would be different from those who did. Also, the 
prevalence of major extracardiac malformations in the 
study (2.0%) is similar to generally recognized rates and 
suggests that this is a relatively nonselect population. 

Historical evidence for a congenital heart defect 
without documentation in the form of the siblings’ med- 
ical records was obtained in 5 of the 13 siblings. Three 
of the 5, however, had cardiac surgery performed. Fur- 
thermore, all the patients in the study had extensive 
medical evaluation, and it can be assumed that they and 
their parents were quite knowledgeable regarding con- 
genital heart defects. In view of this, it seems unlikely 
that they would be unaware of significant heart disease 
in their siblings or children. 

The recurrence risk observed in our families of pa- 
tients with univentricular heart and tricuspid atresia is 
compatible with a multifactorial cause, in which poly- 
genic factors and unspecified environmental factors in- 
teract to affect the developing fetus. It is important not 
to confuse the multifactorial model with a purely poly- 
genic model, in which only the interaction of several 
genes is important and the modifying effect of the envi- 
ronment is not considered. Confusion about these 2 
models of causation has led some investigators to erro- 
neously conclude that, according to the Edwards formu- 
la (recurrence risk = 4/incidence),!° a rare congenital 
heart defect must necessarily have a lower recurrence 
risk in relatives than a slightly more common defect. 
This formula, however, applies to the purely polygenic 
model, because in the multifactorial model, environ- 
mental factors can modify the recurrence risks. Further- 
more, the Edwards formula assumes a heritability of 1, 
which is not true for most congenital heart defects. It 
has been suggested that the significantly higher recur- 
rence risk in patients with polysplenia syndrome may be 
accounted for by autosomal recessive inheritance,?? al- 
though the multifactorial model or some other mecha- 
nism has not been excluded. 
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ahs Be a a E LRE EEE ee oe 
Using a combined hemodynamic and radionuclide 
technique, 20 patients with varied ventricular 
function were evaluated during positive end- 
expiratory pressure (PEEP) application. Left ven- 
tricular (LV) and right ventricular (RV) ejection 
fractions and cardiac output were measured, and 
ventricular volumes were derived. Seven patients 
(group 1) who had an increase in LV end-diastolic 
volume with PEEP and 13 patients (group 2) who 

had the more typical response, a decrease in LV 
“end-diastolic volume with PEEP, were identified. 
Compared with group 2, group 1 patients had a 

higher incidence of coronary artery disease (5 of 7 
-vs 1 of 13, p <0.005) and lower cardiac output 
(3.9 + 1.6 vs 9.1 + 3.2 liters/min, p <0.005), LV 
“ejection fraction (27 + 13 vs 51 + 21%, p <0.05), 
RV ejection fraction (15 + 6 vs 32 + 8%, p 
<0.005) and peak filling rate (1.32 + 0.43 vs 3.51 
+ 1.70 end-diastolic volumes/s, p <0.05). LV and 
IRV volumes increased and peak filling rate de- 
creased with PEEP in group 1, whereas in group 2 
LV volume decreased and RV volume and peak fill- 
-ing rate remained unchanged. Using stepwise re- 
gression analysis, the change in LV volume with 

- PEEP was related directly to baseline systemic vas- 
cular resistance and inversely to baseline blood 

_ pressure. Similarly, the change in peak filling rate 
-with PEEP was inversely related to the change in 
_RV end-diastolic volume. Thus, the hemodynamic 
response to PEEP is heterogenous and may be re- 
lated to LV ischemia. In patients with coronary ar- 
tery disease and severely depressed biventricular 
function, LV volume may increase, LV ejection 
fraction may decrease and filling may worsen with 
PEEP. 
(Am J Cardiol 1989;64:772-777) 
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ventricular (LV) function in several ways. Al- 

though the major reported hemodynamic effect 
of PEEP is preload reduction’? others have noted a 
decline in LV diastolic and systolic performance.*+? 
These issues are of primary clinical importance, because 
worsening LV function during PEEP would not be cor- 
rected with volume expansion, while preload reduction 
would. In addition, evaluation of such changes in LV 
function provides the means to further study ventricular 
interdependence. Using a combined radionuclide and 
hemodynamic approach, we studied changes in LV sys- 
tolic and diastolic performance with PEEP in patients 
with a wide range of baseline LV function. We sought 
to determine whether a subset of patients who would 
manifest a deterioration in LV function with PEEP 
could be defined, and whether changes in LV diastolic 
filling during PEEP were related to changes in right 
ventricular (RV) performance. 


P ositive end-expiratory pressure (PEEP) affects left 


METHODS 

Patient population: We evaluated 20 mechanically 
ventilated consecutive patients who required PEEP and 
hemodynamic monitoring, and agreed to participate in 
the protocol. Several of these patients were reported 
previously.!° There were 9 men and 11 women, with a 
mean age of 58 years (range 17 to 80). The patients 
often had multisystem disease and represented the di- 
verse clinical spectrum of patients typically receiving 
PEEP at our institution. Thirteen patients met criteria 
for the adult respiratory distress syndrome, defined by 
diffuse bilateral lung infiltrates on chest x-ray, normal 
pulmonary artery wedge pressure and no associated 
clinical cardiac disease. The major diagnoses in this 
group included drug overdose with aspiration (4), acute 
myelocytic leukemia with pneumonia (1), lymphoma 
with lung hemorrhage (1), body burn with smoke inha- 
lation (1), bacterial pneumonia (2), sepsis (2) and non- 
bacterial pneumonia (2). Four patients had acute pri- 
mary respiratory failure in association with cardiac 
pulmonary edema. All these patients had elevated pul- 
monary artery wedge pressure, a clinical history consis- 
tent with cardiac disease and ischemic changes on the 
electrocardiogram in association with the pulmonary 
edema. Diagnoses included alcoholic cardiomyopathy 
with aspiration pneumonia (1), cardiac arrest (2) and 
sepsis with cardiogenic shock (1). Three additional pa- 


tients had multilobar pneumonia and severe hypoxemia 
requiring PEEP. 

Exclusion criteria included (1) cardiac rhythms with 
other than a sinus mechanism; (2) suspected valvular 
regurgitant lesions as ascertained from history, exami- 
nation and hemodynamics; (3) severe hypotension de- 
spite vasopressor therapy (systolic blood pressure <90 
mm Hg); (4) severe hypoxemia during PEEP (PaO, 
<60 mm Hg); and (5) marked increase in peak airway 
pressure (>50 mm Hg). The study was approved by the 
Human Investigation Committee. Informed consent 
was obtained from either the patient or next of kin. 

Hemodynamic and radionuclide measurements: A|| 
patients had indwelling radial artery and pulmonary ar- 
tery catheters. The pulmonary artery catheter was a 
modified 7.5Fr pulmonary artery catheter (Edwards 
4314-93A) with a rapid response (50 ms) thermistor. 
The patients’ red blood cells were labeled with 25 mCi 
of technetium-99m according to a standard modified in 
vivo technique. In each patient, right atrial pressure, 
RV systolic and diastolic pressure, pulmonary artery 
systolic, diastolic and wedge pressure, systemic arterial 
systolic, diastolic and mean pressures and heart rate 
were recorded. Pressures were measured at the mid- 
chest level. Transmural right-sided heart pressures and 
pulmonary artery wedge pressure were estimated by 
subtracting the increment in right atrial pressure in- 
duced by PEEP from the initial measurement. The 
changes in right atrial pressure during PEEP!! and with 
alterations in loading conditions!? correlated well with 
pericardial pressure. All pressures given later except 
right atrial pressure are estimated transmural pressures. 

Cardiac output was measured at each PEEP level by 
thermodilution, and RV ejection fraction was calculated 
by analysis of the beat-to-beat thermal decay curve gen- 
erated by the rapid-response thermistor. Thermal-de- 
rived RV ejection fraction has been validated against 
contrast ventriculography, radionuclide angiocardiogra- 
phy and echocardiography in experimental preparations 
and in man.!3-16 

A nonimaging nuclear probe (Nuclear Stethoscope, 
Bios) was positioned over the left ventricle by a stan- 
dard algorithm!’ using anatomic and count-based 
guidelines. LV ejection fraction and peak filling rate 
were measured at each PEEP level. The variabilities in 
LV ejection fraction and peak filling rate using this 
technique have been reported previously.'7 LV ejection 
fraction and peak filling rate were acquired from the 
background-corrected LV volume curve recorded for 60 
seconds. LV ejection fraction was calculated as the dif- 
ference in end-diastolic and end-systolic counts divided 
by end-diastolic counts. Peak filling rate was calculated 
as the maximal slope of the volume curve during the 
period of most rapid filling over a 0.6-second interval, 
and was normalized for end-diastolic counts. Stroke vol- 
ume was calculated from thermodilution cardiac output 
and simultaneously recorded heart rate. Ventricular vol- 
umes were derived from stroke volume and ejection 
fractions using standard formulas. Pulmonary and sys- 


temic vascular resistance were calculated fro n th 
modynamic measurements and cardiac output. 

Protocol: Intracardiac pressure, heart rate, cardia 
output, RV and LV ejection fractions and peak fillin 
rate were recorded at baseline and each PEEP Jer 
The measurements were performed at end-exhalatio 
The average of at least 3 measurements of each variable. 
was recorded. The probe was repositioned over the left. 
ventricle at each PEEP level. If either the RV ejection 
fraction or LV volume curves were suboptimal or there 
was a >10% variation among serial readings at a stable — 
PEEP level, the determinations were repeated. Five to 
10 minutes were allowed between each level of PEEP 
for hemodynamic equilibration. 

With PEEP administration, measurements were tak- 
en at baseline (0 cm H20) and then at successive levels 
(5, 10, 15 and 20 cm H30). In patients already under- 
going PEEP, the first measurements were made at the 
clinically indicated level. These patients were studied 
within 24 hours of the initial PEEP administration, 
PEEP was then increased in 5-cm HO increments to 
20 cm H2O and then decreased sequentially to 0 cm: 
H20 with measurements taken at each level. After com- 
pletion of the protocol, the patient was returned to the 
original PEEP level. Three patients did not tolerate his 
PEEP due to a deterioration in hemodynamics. These 
patients received 10 or 15 cm H,O as their highest 
PEEP. Similarly, 5 patients did not tolerate measure- 
ments at 0 cm H2O of PEEP due to hypoxemia, and 
had baseline recordings at 5 cm H,O of PEEP. 

Statistics: Data are expressed as mean + standard 
deviation. A p value <0.05 was considered significant. 
Differences between groups at baseline, and the differ- 
ence between hemodynamic variables at baseline and 
highest PEEP were compared by unpaired Student t 
test. Univariate regression analysis was used to test the _ 
relation between the change in LV end-diastolic volume — 
between baseline and highest PEEP, and the following 
baseline variables: blood pressure; heart rate; right atrial’ 


pressure; pulmonary artery systolic, diastolic and wedge. 


pressures; cardiac output; systemic and pulmonary vas- 
cular resistances; LV and RV ejection fractions; and s 
end-diastolic and end-systolic volumes. Then, these vari- 
ables were entered forward and backward into a step- 
wise linear regression using the change in LV end-di 
stolic volume during PEEP as the independent variabl 

A similar analysis was performed using the change in 
peak filling rate with PEEP as the independent variable. 
Dependent variables included the baseline variables list- 
ed before and the change in LV and RV end-diastolic 
and end-systolic volumes between baseline and highest 
PEEP. 


RESULTS 


Patient categorization: During graded PEEP appli- 


cation, we identified 2 distinct LV volume responses, 
Seven patients (group 1) had an increase in LV end- 


diastolic volume with PEEP. Thirteen patients (group. z 


2) had a more typical response, namely, a declinein LV 
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TABLE I Baseline Hemodynamic Variables 





| Variable 



















1 Age (yrs) 60+ 11 57+8 
|) No, of men 3/7 6/13 
| Coronary artery disease 5/7* 1/13 
Cardiac output (liters /min) 3.9 + 1.67 9.143.2 
Pulmonary vascular resistance 298 + 168* 133 + 66 
i {dynes + s- cm5) 
"Systemic vascular resistance 1586 + 678* 779 & 269 
(dynes +s *cm75) 
Heart rate (beats /min) 91477 109415 
Mean blood pressure (mm Hg) 7848 90 + 14 
Right atrial pressure (mm Hg) 1143 842 
Pulmonary artery pressure (mm Hg) 3149 30+8 
Pulmonary artery wedge 17412 16411 
pressure (mm Hg) 
“LN ejection fraction (%) 27 +13" 51421 
RV ejection fraction (%) 15+46* 32+8 
Peak filling rate (EDV/s) 1.324 0.431 3.51 +1.70 
LV end-diastolic volume (mi) 188 + 98 194+ 118 
RV end-diastolic volume (ml) 287 + 69 278 +89 
LV end-systolic volume (mi) 141 + 92 102 + 105 
“| RV end-systolic volume (mp) 242 + 62 188 +75 









* p <0.005; ' p <0.05. 
EDV = end-diastolic volumes: LV = left ventricular; RV = right ventricular. 





-= -end-diastolic volume with PEEP. This response was 
“used to divide our cohort into 2 distinct pathophysiologi- 
~~ eally different groups. 
< © Baseline: Clinically, the patients in the 2 groups dif- 
-fered (Table I). In group 1, 5 patients had clinical and 
- electrocardiographic evidence of new (3) or prior (2) 
-> myocardial infarction. Three of these patients had a 
clinical diagnosis of congestive heart failure as well. In 
group 2, only 1 patient had a history of remote myocar- 
dial infarction and 1 had an alcoholic cardiomyopathy 
with congestive heart failure. The others had no clinical 
` or electrocardiographic evidence of prior heart disease. 
"The baseline hemodynamic and functional charac- 
‘teristics differed between the 2 groups. Group 1 had 
lower cardiac output and higher pulmonary and system- 








“VOLUME (mI) 


o 20 ie) 20 
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FIGURE 1. Effect of PEEP on LV end-diastolic volume 
- (LVEDV) and end-systolic volume (LVESV) in group 1 (m) and 
group 2 (<1). Note the increase in volume in group 1. *p 


ic vascular resistances than group 2. The heart rate also _ 
was lower in this group, whereas mean blood pressure - 
tended to be lower. The right atrial, mean pulmonary 
arterial and pulmonary artery wedge pressures were not 
different between the groups. LV and RV ejection frac- 
tions and peak filling rate were lower in group 1, but 
LV and RV volumes did not differ between the groups. 

Response to positive end-expiratory volume: The 
cardiac output and pulmonary and systemic vascular re- 
sistances did not change with PEEP in group | (Table 
II). Mean right atrial pressure also did not change. In 
group 2, cardiac output decreased with PEEP. Pulmo- 
nary and systemic vascular resistances did not change 
significantly in this group. Right atrial pressure in- 
creased in group 2, but heart rate, mean pulmonary ar- 
tery, systemic arterial and pulmonary artery wedge 
pressures did not change in either group with PEEP. 

RV ejection fraction did not change in group 1, but 
LV ejection fraction declined. As defined, LV end-dia- 
stolic volume increased in group 1. At highest PEEP, 
LV end-systolic volume and RV end-diastolic and end- 
systolic volumes also increased in group 1 compared 
with baseline (Figures 1 and 2). Peak filling rate de- 
creased in group 1. Similar to group 1, RV ejection 
fraction did not change significantly in group 2. Unlike 
group 1, however, LV ejection fraction remained con- 
stant in group 2. By definition, LV end-diastolic volume 
decreased in group 2. LV end-systolic volume as well as 
RV end-diastolic and end-systolic volumes also declined, 
although not significantly (Figures 1 and 2). Peak fill- 
ing rate also did not change in this group. At highest 
PEEP, LV and RV end-diastolic and end-systolic vol- 
umes, and pulmonary and systemic vascular resistances 
were greater in group | than group 2 (p <0.01), while 
cardiac output, heart rate, mean systemic arterial pres- 
sure (p <0.05), and LV and RV ejection fractions (p 
<0.01) were less. 

Changes in left ventricular end-diastolic volume and 
peak filling rate: Stepwise regression analysis using 
baseline hemodynamic variables produced a model in 
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TABLE II Hemodynamic Response to Positive End-Expiratory Pressure 


LVEF RVEF LVEDV LVESV RVEDV RVESV PFR: 
B H m 
(liters / B H B H B H B H B H B H B CH 
min) (%) (%) (ml) (mi) (ml) (ml) (EDV/s) 


2.0 313 170 1.20 0.60: 
2.8 450 172 1.02 0.88. 
6.4 435 325 180 2.09 1.03. 
3.9 309 440 1.69. 0.68 
19 80 168 440 0.76 0,37. 
6.6 57 121 467 1.29 0.93 
3.5 446 640 164 1.25 0.62 
3.5 298 362 188 286 1.32 073: 
1.5 168 177 98 140 0.43 0.22 
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13.7 7 67 533 360 216 294- 
7.2 161 233 10 190 158 262 252. 
6.3 149 106 25 72 53 4.81 515 
6.2 173 258 9 185 153 2.47 183: 
6.4 231 175 12 128 108 2.75 2:13 
15.4 106 119 25 162 141 6.29. -7:19 
6.4 31 214 225 13 129 122 2.13 247 
8.6 24 144 167 0 140 93 309 4.94 68: 
6.2 28 126 103 1,006 12 326 282 238 118 141 
9.7 16 46 74 410 412 12 182 166 373 190 593 457: 
8.1 26 173 227 932 960 11 112 83 17 413 326 251 5.06 4.34 : 
65 95 27 11 149 196 679 800 15 175 140 75 234 246 140 172 360 1.13 
3.9 94 85 35 18 151 350 1,101 1,641 12 15 192 141 142 122 149 81 108 1.73 1.65 
Mean ; 70 109 106 90 30 16 14 143 177 779 833 8 13 51 32 194 152 102 278 246 188 #180 3.51 3:39 
= $D ; 1.9 12 15 15 17 7 il 9 66 82 269 325 2 3 21 8 8 118 82 105 75 89 75 75 67 170 2:02 i 
B = baseline; BP = mean systemic arterial pressure; CO = cardiac output; H = highest PEEP: HR = heart rate; LVEDV = left ventricular end-diastolic volume; LVEF = left ventricular ejection fraction; LVESV = left ventricular end-systolic volume; PAP = 


| mean pulmonary artery pressure: PAWP = pulmonary artery wedge pressure: PFR = peak filli g rate; PVR = pulmonary vascular resistance; RAP = right atrial pressure; RVEDV = right ventricular end-diastolic volume; RVEF = right ventricular ejection: 
_ | Fraction; RVESV = right ventricular end-systolic volume; SD = standard deviation; SVR = systemic vascular resistance. 












which baseline systemic vascular resistance and mean 
systemic arterial pressure were the only predictors of 
the change in LV end-diastolic volume with PEEP 
< (change in LV end-diastolic volume = —156.5 + 0.083 
_ [systemic vascular resistance] — 2.74 [systemic arterial 
pressure], F ratio = 13.9, p = 0.001, r = 0.79). Also by 
stepwise linear regression, the change in peak filling 
~~ rate with PEEP correlated strongly and negatively with 
the change in RV end-diastolic volume (change in peak 

- filling rate = 0.067 — 0.010 [changes in RV end-dia- 
stolic volume], F ratio = 35.2, p = 0.001, r = —0.82) 
(Figure 3). 


DISCUSSION 
We have identified a subset of patients with substan- 
tially depressed baseline biventricular function whose 
“response to PEEP is increased LV volume, decreased 
LV ejection fraction and worsened LV filling. This re- 
sponse varies from the more typical response of LV pre- 
load reduction found in group 2 and reported by oth- 
= ers,!-3.18-20 but is consistent with the data of Calvin et 
-al.2! Furthermore, we have found 2 readily obtainable 
-variables that in a regression model help identify the 
response of LV end-diastolic volume to incremental 
<- PEEP. Finally, our correlation of changes in peak filling 
rate and RV end-diastolic volume with PEEP suggests a 
sole for ventricular interaction during PEEP adminis- 
tration. These observations have important clinical and 
_ therapeutic implications. 
ce Changes in RV volume during PEEP are variable 
and related to the influences of preload reduction and 
-increased afterload.” We have previously reported that 
-RV volume is more likely to increase in patients with 
-reduced RV systolic function.!° Patients with decreased 
-ejection fraction, especially with concomitant coronary 
artery disease, may be more sensitive to the afterload 
effects of PEEP. Therefore, the increase in RV volume 
with PEEP in group 1 may be related to increased RV 


f=-0.82, p<0.001 
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afterload in the setting of severely reduced systolic func- 
tion. 

We can speculate on several potential mechanisms 
for a PEEP-induced decrease in LV function. Humoral 
factors2223 and vagally afferent cardiodepressor reflexes 
may be involved.2425 In addition, PEEP may affect LV 
systolic function by altering septal contraction.46?7 
This combination of factors in the setting of baseline 
LV dysfunction may lead to LV dilatation and in- 
creased wall stress and myocardial oxygen demand dur- 
ing PEEP. In the setting of advanced coronary disease, 
these events may precipitate ischemia. Titley et al” 
have demonstrated metabolic evidence of myocardial 
ischemia with the application of PEEP. By stepwise re- 
gression analysis, LV dilatation with PEEP occurred in 
patients with increased systemic vascular resistance and 
decreased blood pressure, a setting prone to myocardial 
oxygen supply-demand imbalance. Therefore, ischemia 
may play a role in LV dilatation with PEEP in the 
group 1 patients. 

Controversy exists whether changes in LV diastolic 
function during PEEP are mediated by ventricular in- 
teraction. Several studies in experimental preparations 
7-9 and in man® have documented a decline in LV com- 
pliance during PEEP ventilation, while others have 
found no change in LV compliance curves.! Using non- 
invasive techniques, the changes in peak filling rate in 
our patients were inversely related to changes in RV 
end-diastolic volume. The high correlation suggests that 
alterations in septal geometry may mediate the change 
in LV diastolic function. Data in man suggest that asyn- 
chronous LV systolic contractions and diastolic relax- 
ations alter global LV peak filling rate.?? Regional 
changes in septal function due to RV overload could 
mediate the changes in peak filling rate noted in this 
study. Ischemia, changes in LV volume and loading 
conditions, and increases in juxtacardiac pressures also 
may influence peak filling during PEEP. 

Several methodologic issues of this study are worth 
considering. Juxtacardiac pressure cannot be easily 
measured in man. Because changes in right atrial pres- 
sure with PEEP correlate with changes in pericardial 
pressure, we corrected our pressure measurements for 
the increment in right atrial pressure induced by PEEP. 
Although the pericardium would normally limit an in- 
crease in biventricular volume, pericardial constraint is 
decreased in experimental models of chronic volume 
overload. Because our group | patients had LV dys- 
function, the pericardium is less likely to restrict ven- 
tricular dilation. 

We obtained the LV ejection fraction with the nu- 
clear probe and the RV ejection fraction by the thermo- 
dilution technique. Both techniques have been standard- 
ized and validated,!?-!’ and are suitable for studying pa- 
tients in the intensive care unit setting. In several of our 
patients, measurements were not obtained over the full 
PEEP range due to deterioration in oxygenation, hemo- 
dynamics or both. Inclusion of these patients is useful, 
however, because they are representative of patients re- 

; : sinus lac- 


tate concentration during PEEP and therefore do not 
have direct corroboration for our hypothesis that myo- 
cardial ischemia plays a role in the response found in 
group 1. Further studies along these lines are indicated. 

These data call into question the traditional thera- 
peutic approaches to patients receiving PEEP. Volume 
infusion is the standard therapy to counter the decline 
in cardiac output induced by PEEP. However, in the 
group | patients, volume infusion would further in- 
crease LV volume and wall stress. If ischemia plays a 
role in the increase in LV volume, standard therapy 
would only exacerbate the ischemia. In addition, volume 
infusion would increase RV size and further decrease 
peak filling rate, possibly increasing LV filling pressures 
and decreasing coronary perfusion. These data suggest 
that ventricular performance should be monitored dur- 
ing PEEP administration in the subset of patients who 
exhibit baseline biventricular dysfunction or who have a 
history of coronary artery disease and congestive heart 
failure. In these patients, arterial vasodilators, nitrates 
or inotropic agents may be appropriate adjunctive ther- 


apy. 
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To evaluate the nonspecific vasoconstrictor 
-response to intravenous ergonovine, and identify 

patient-related factors that systematically alter 
changes in coronary dimensions, 33 subjects (22 

women, 11 men), mean age 54 years (range 39 to 

70) were studied using a standardized ergonovine 
provocation test (Stanford protocol). Clinical re- 
sponses, systemic hemodynamics and electrocar- 
diographic changes were determined, with quanti- 
tative arteriography used for sequential measure- 
ment of proximal right coronary dimensions. A 
`- progressive decrease in proximal right coronary di- 

‘ameter was observed, with average control values 
- and final diameters equaling 3.25 + 0.49 and 2.56 
+ 0.49 mm, respectively, thus representing an 

<- overall —-21.2% change from baseline. No signifi- 

cant differences existed in control dimensions when 
analyzed with respect to gender (3.20 + 0.59 vs 

3.40 + 0.72 mm, women vs men, difference not 

> significant), although women demonstrated a 

-greater decrease from baseline values (0.80 + 0.30 

ys 0.50 + 0.24 mm, women vs men, p <0.05). The 
"presence of minor atherosclerotic disease, as deter- 
mined by the presence of minor (<30% diameter) 
luminal irregularities within the right coronary ar- 
“tery, failed to alter control dimensions (3.30 + 0.48 
-ys 3.20 + 0.51 mm, normal vs atherosclerotic per- 
sons, difference not significant), but was associated 
with more ergonovine-induced coronary vasospasm 
(0.41 + 0.27 vs 0.84 + 0.21 mm, normal vs ath- 
erosclerotic persons, p <0.01). 

: Therefore, sequential intravenous ergonovine 
maleate infusion resulted in progressive, nonspecif- 
ic reductions in proximal right coronary artery di- 
mensions in subjects without a history compatible 
with vasospastic angina. This nonspecific vasocon- 
strictor effect was accentuated in women and sub- 
jects with intimal irregularities suggestive of minor 
atherosclerotic coronary disease. 

(Am J Cardiol 1989;64:778-782) 
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~ Quantitative Arteriographic Responses ~ 
to Ergonovine Provocation in Subjects 
with Atypical Chest Pain 


Brian P. Kimball, MD, Victor LiPreti, BSc, and Harold E. Aldridge, MD 


duce arterial vasoconstriction, predominantly by 

activating a-adrenergic and serotonin receptors, 
and inhibiting endothelial-derived relaxation factor re- 
lease. Although ergonovine was first used by Stein’ as a 
provocative test for exertional angina pectoris, it has be- 
come a standard for the demonstration of Prinzmetal- 
type variant (vasospastic) angina.” The predictive ac- 
curacy of intravenous ergonovine in subjects with recur- 
rent angina at rest and electrocardiographic changes is 
excellent,4 but subjects with more atypical symptoms 
also demonstrate a moderate nonspecific vasoconstric- 
tive response.’ Although variant angina is relatively un- 
common, women are highly represented in published 
clinical series. Previous studies also suggest that coro- 
nary spasm may be accentuated at sites of angiographi- 
cally demonstrated atherosclerosis.4 This study defines 
the nonspecific vasoconstrictive response to a standard, 
well-controlled ergonovine infusion, in subjects present- 
ing with atypical precordial discomfort not suggestive of 
variant angina. Furthermore, we wished to assess the 
influence of gender on this nonspecific response, and de- 
termine if the presence of early atherosclerotic coronary 
artery disease, as defined by minor luminal irregular- 
ities (<30% diameter), would alter the yasoconstrictive 
response to ergonovine maleate. 


| Eee alkaloids, including ergonovine maleate, pro- 


METHODS 

Subject population: We studied 33 subjects (22 
women, 11 men), mean age 54 years (range 39 to 70), 
presenting to the cardiac catheterization laboratory for 
diagnostic coronary arteriography. Each participant was 
referred for definitive evaluation after presentation with 
“atypical” chest pain, defined by uncommon precipitat- 
ing events, inconsistent location or inconclusive response 
to nitroglycerin. Subjects were excluded if standard ex- 
ercise studies (Bruce protocol) revealed an unequivocal 
positive result (ST-segment depression 22 mm). 

Contraindications included unstable angina pectoris, 
recent myocardial infarction (<3 months), a history of 
cerebrovascular accident or transient ischemic attack, 
uncontrolled hypertension (2160/110 mm Hg), renal 
insufficiency, severe Raynaud’s phenomenon, known 
hypersensitivity to ergonovine maleate or absence of in- 
formed consent. 

Angiography: All patients were studied in a postab- 
sorptive state with antianginal medications including 6- 
adrenoceptor antagonists, long-acting nitrates and calci- 
um antagonists withheld for 24 hours. No subject re- 
ceived atropine sulfate or sublingual nitroglycerin. 

d angiography. 


Multiangulated coronary arteriography was per- 
formed in a routine fashion using nonionic contrast me- 
dia. If initial cineangiography failed to demonstrate the 
presence of “significant” coronary artery disease (>30% 
diameter stenosis), a standardized ergonovine provoca- 
tion study was performed according to a Stanford pro- 
tocol. Subjects demonstrating a localized, proximal ste- 
nosis with morphologic characteristics suggestive of 
“catheter-tip spasm” were eliminated from analysis. 

A temporary bipolar transvenous pacemaker (7Fr 
Zucker) was advanced to the right atrial and inferior 
vena caval junction to provide possible emergency pac- 
ing support and function as a central drug infusion site. 
A baseline (control) right coronary angiogram was per- 
formed in a left anterior oblique cranial projection. To 
provide constant magnification, neither the image inten- 
sifier nor the angiographic table height was subsequent- 
ly altered. The area of interest immediately proximal to 
the first right ventricular branch was centralized within 
the field of view to minimize pin-cushion distortion. All 
angiography was performed with deep, held inspiration. 

Ergonovine provocation study: This study consisted 
of sequential bolus administration of ergonovine male- 
ate at doses of 0.05, 0.10 and finally 0.25 mg (cumula- 
tive dose, 0.4 mg) in 3-minute intervals. During this pe- 
riod, the subject’s awareness of precordial discomfort 
was analyzed using a subjective scale (0 to 10). Heart 
rate, systemic arterial pressure and standard 6-lead 
electrocardiogram were monitored, and right coronary 
angiography was reduplicated at the termination of 
each stage. Sublingual nitroglycerin (0.6 mg) was given 
after termination of the study, which included left coro- 
nary arteriography. 

Quantitative coronary arteriography: Cine coronary 
arteriography was performed with parallel acquisition 
onto 35-mm radiographic film and a Digitron HI VAC 
(Siemens) digital imaging system. A 5-inch (11 cm) im- 


FIGURE 1. Quantitative coronary 


identical program applied to the angio- 
graphic catheter is used to determine 
absohite dimensions. 


age intensifier (Optilux 27-HD, Siemens) field of view, 
with a fixed magnification factor of 1.62, resulted iña 
maximal image field diameter of 6.8 cm. Complete im- 


age sequences at 30 frames/s were digitized onto a 512... | 


X 512 pixel matrix with maximal spatial resolution of- 
0.13 mm/pixel using an 8-bit gray scale with 256 ~ 
shades of gray. A blurred “mask” consisting of 8 dia- 
stolic images was subtracted from an optimally opaci- 
fied diastolic image of the proximal right coronary ar- 
tery. 
An operator-interactive program was used to deter- 
mine a specific region of interest based on the segment 
located immediately before the first right ventricular 
branch. An automated edge-detection system was used 
to evaluate the arterial segment over a 1-cm length, 
with an identical program directed to the angiographic 
catheter of known dimensions (Cordis 8Fr, 2.67 mm) to 


obtain magnification factors. Both absolute minimal lu- =- 
men diameter and relative values (percent diameter ste- 


nosis) were calculated. Each coronary arteriogram was 
analyzed in an identical fashion by a single operator. < 
The quantitative angiographic program had been inter- _ 
nally validated with excellent reproducibility (0.16 mm, 
4% diameter). Figure 1 shows an example of the quan- 
titative program applied to the proximal right coronary — 
artery. ee 

Statistics: Data are expressed as mean and standard 
deviation, with comparisons using parametric statistics =- 
(t tests). Rejection of the null hypothesis was assumed if 
p <0.05. ees 


RESULTS — 
Clinical and electrocardiographic results: Before the 
ergonovine provocation study, all subjects were asymp- 


tomatic and demonstrated normal sinus rhythm (74 + 


14 beats/min), with systemic arterial pressures equal to 


131 + 14/72 + 9 mm Hg. Baseline 6-lead electrocar- = 
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diograms revealed isoelectric ST seincdits in 21 sub- 
jects. Eight subjects had slight ST-segment depression 
< (<1-mm) and 4 subjects had minor ST-segment eleva- 
tion (<1 mm). 
. All participants underwent the full experimental 
protocol, consisting of the sequential bolus administra- 
~ tion of ergonovine, 0.40 mg (accumulated). Six subjects 
noted atypical precordial and throat discomfort, but no 
significant ST-segment abnormalities were observed. 
‘Normal sinus rhythm was maintained in each subject, 
with no precipitation of heart block or significant ar- 
_ rhythmias. During the final (maximal) ergonovine prov- 
ocation stages, the intrinsic heart rate decreased to 68 + 
< 12 beats/min and arterial pressure increased to 150 + 
17/81 + 9 mm Hg. 
i Quantitative coronary arteriography: Figure 2 
‘shows the proximal right coronary artery dimensions at 
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- FIGURE 2. Proximal right coronary artery (RCA) diameters 
- during the ergonovine provocation study (baseline to 0.40 
: mg). *Average (mean) for group. 
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baseline and throughout the ergonovine protocol. A pro- 

gressive, dose-related reduction in coronary diameter is 
noted from baseline values of 3.25 + 0.49 mm to a min- 
imal value of 2.56 + 0.49 mm after maximal dosage. 
Assuming that these relatively normal arteries are cir- 
cular, this would represent initial cross-sectional areas 
of 8.26 + 2.73 mm?, with subsequent minimal values of 
5.38 + 2.01 mm?. The presence of precordial discomfort 
failed to predict arteriographic response (~19.3 vs 
—21.6%, chest pain vs no chest pain, difference not sig- 
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FIGURE 4. Changes in right coronary artery (RCA) diameters 
from baseline to maximal ergonovine dosage (0.40 mg) in 
women and men. * Average (mean) for group. 
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FIGURE 5. Changes in right coronary artery (RCA) diameters. 
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normal subjects versus those with minor at 


case (AD). "herne (mean) 


nificant). Figure 3 shows the percent change in proxi- 
mal right coronary dimensions from baseline as a func- 
tion of cumulative ergonovine dosage. 

To determine the effect of gender on the nonspecific 
vasoconstrictive response to ergonovine, the 22 women 
and 11 men were analyzed separately. No differences in 
baseline proximal right coronary dimensions (3.20 + 
0.5% vs 3.40 + 0.72 mm, women vs men, difference not 
significant) or incidence of luminal irregularities (9 of 
22 [41%] vs 6 of 11 [54%], women vs men, difference 
not significant) were observed. Figure 4 shows the 
changes in coronary dimensions at maximal ergonovine 
dosage. Greater vasoconstrictive effects were observed 
among women (0.80 + 0.30 vs 0.50 + 0.24 mm, women 
vs men, p <0.05), including on a per mg basis (0.20 + 
0.07 vs 0.12 + 0.05 mm/mg, p <0.05). When corrected 
for differences in body surface area (1.57 + 0.24 vs 1.71 
+ 0.29 m?, women vs men), vascular reactivity contin- 
ued to be accentuated in women (3.14 + 1.18 vs 2.14 + 
1.03 mm/mg/kg/mm?, women vs men, p <0.05). 

Finally, to independently evaluate the effect of mi- 
nor atherosclerotic disease on the ergonovine-induced 
changes in coronary diameter, subjects were divided 
into 2 groups based on the presence of minimal intimal 
irregularities (9 women and 6 men) within the proximal 
right system. No differences in the baseline dimensions 
of the proximal right coronary artery were observed 
(3.30 + 0.48 vs 3.20 + 0.54 mm, normal vs atheroscle- 
rotic persons, difference not significant). Figure 5 shows 


the changes in proximal right coronary dimensions 
within these 2 groups. Significantly greater nonspecific 
vasoconstriction is shown in the subjects with angio- 
graphic luminal irregularities (0.41 + 0.27 vs 0.84 + 
0.21 mm, normal vs atherosclerotic persons, p <0.01). 


DISCUSSION 

Background: Prinzmetal et al’ recognized a syn- 
drome of recurrent nocturnal precordial discomfort as- 
sociated with ST-segment elevation, and suggested that 
some episodes of angina pectoris were related to a tem- 
porary increase in “the tonus of partially obstructed cor- 
onary arteries.” This postulate was confirmed by many 
investigators who were fortunate to perform coronary 
arteriography during spontaneous episodes of variant 
angina.’ Based on initial studies by Stein! for the diag- 
nosis of typical exertional angina, Heupler et al* intro- 
duced the ergonovine provocation study for the diagno- 
sis of coronary vasospasm. This medication provokes 
coronary spasm through a complex mechanism involv- 
ing serotonin receptors, direct stimulation of a receptors 
and, possibly, by inhibition of endothelial-derived relax- 
ation factor release.° In patients with a clinical diagno- 
sis of “variant angina,” as defined by recurrent typical 
precordial discomfort, associated with ST-segment ele- 
vation and rapid response to nitroglycerin, the sequen- 
tial intravenous administration of ergonovine demon- 
strates excellent sensitivity (90%) and acceptable speci- 
_. ficity. l 
| > Nonspecific ergonovine vasoconstriction: A certain 
__ degree of nonspecific vasoconstriction is anticipated in 


all subjects receiving ergonovine, but the precise. magni- 
tude of these changes in patients with atypical chest 
pain remains ill-defined. We have demonstrated a pro- 
gressive, dose-related reduction in coronary dimensions | 


that was clearly not related to the induction of precordi- 


al discomfort or electrocardiographic changes. We con- = 
clude that no patient within this study population had 
true “variant angina,” and that this nonspecific response 
should not be confused with clinically significant coro- 
nary vasospasm. 

Cipriano et al!° also studied the quantitative aspects 
of ergonovine maleate provocation in a wide variety of 


patients presenting for arteriography. Within a sub _ 


group of patients (56 of 90) with atypical discomfort, a 


nonspecific response using the same dosage regimen was. 
found. Specifically, after the initial infusion of 0.05 mg. 


of ergonovine, a 10% reduction in coronary dimension 
was present, which increased to 20% after an accumu- 


lated dosage of 0.40 mg of ergonovine. A similar find- 


ing, although of less magnitude, was found by Raizner . 
et al'! upon performing cold pressor testing in subjects. 
with atypical chest pain. These investigators demon- 
strated a reduction in normal coronary segment diame- 
ter of 7.9%, which also was not associated with clinical. 
sequela. ee 
Gender differences: Our study supports the clinical 
observation that women generally demonstrate greater. 
sensitivity to the vasoconstrictive effects of ergot alka- 
loids. This finding could not be attributed to slight dif- 
ferences in body mass, and therefore a greater relative ..- 
ergonovine dosage (mg/kg) in these subjects. Schroeder 


et al‘ studied 57 patients presenting with recurrent angi- 


na at rest and either no or minimal coronary atheroscle- 


rosis, and observed that 11 of 13 subjects manifesting 


severe vasospasm after ergonovine were women. Why 


exactly women have a greater degree of “variant angi = 


na” is unknown, but the reason may reflect intrinsic 
gender-related differences in the neurohumoral axis. 
Minor atherosclerotic disease differences: Our data _ 
suggest a greater propensity to vasoconstriction if minor 
luminal irregularities are present. It is presumed for the. 
purposes of this study that these changes represent early | 
atherosclerotic involvement of the coronary endotheli- 


um. In isolated coronary arteries from hereditary hyper- 


lipidemic rabbits, Yokoyama et al!? studied the dose- 
response relation to a number of vasoconstrictors, in- 
cluding ergonovine and serotonin. These investigators 
were able to observe a reduced threshold to drug-in- 
duced vasoconstriction, with significant left shift in this 
curve. The precise mechanism remains in doubt, al- 
though Angus et al? demonstrated that the removal of - - 
endothelium, and presumably the elimination of endo- 
thelial-derived relaxation factor, resulted in markedly 
enhanced vasoconstriction in isolated coronary artery 
segments. Based on agonist and antagonist studies, 


these investigators suggested a relation between this ill- 


defined factor and the control of a2 receptors within the 
coronary media. These findings have been supported by 
Heistad et al!? in a hypercholesterolemic and athero- 
sclerotic hind limb perfusion preparation. Endotheli 









ysfunction, with abnormal pharmacologic responses 
_ (vasoconstriction) to acetylcholine, has been observed in 
_ primates!* and human coronary arteries'> with early 
‘atherosclerotic disease. 
Therefore, in subjects with “atypical” precordial dis- 
comfort, intravenous ergonovine maleate results in non- 
`- specific vasoconstriction. The magnitude of this re- 
sponse is dependent on gender and the presence of mi- 
-nor atherosclerotic coronary disease. Additional work is 
required to precisely identify the mechanisms—and 
their relative interactions—that control vasomotor tone 
<= in human coronary arteries. 
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Y®URK HAND H®LDS THE FATE 
OF THEIR HEARTS 


The most commonly seen side effects of disopyramide 
Phosphate are anticholinergic, and the most severe 
are due to its negative inotropic properties. 
Please see next page for a brief summary of 
the complete prescribing information. 
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i 100-mg and 150-mg CAPSULES 


First-line for long-term therapy 

When you select Norpace or Norpace CR 
for your arrhythmia patients, make sure 
to specify Dispense as Written (DAW) or 
Do Not Substitute on your prescriptions. 





isopyramide phosphate 
extended-release) 
Brief Summary 
Before prescribing; please consult current complete prescribing information, a summary of which 
follows: Indications: For suppression and prevention of recurrence of the following cardiac 
athythmias: unifocal premature (ectopic) ventricular contractions; premature (ectopic) ventricular 
“contractions of multifocal origin; paired premature ventricular contractions (couplets); and 
- episodes of ventricular tachycardia (persistent ventricular tachycardia is ordinarily treated with 
DC-cardioversion), Norpace is equally effective in both digitalized and nondigitalized patients. It is 
‘also equally effective in treating primary cardiac arrhythmias and those which occur in association 
ith organic heart disease including coronary artery disease. Norpace CR should not be used 
itially if rapid establishment of disopyramide plasma levels is desired. Oral disopyramide 
> ‘phosphate has not been adequately studied in patients with acute myocardial infarction or with 
persistent ventricular tachycardia or atrial arrhythmias and is not indicated for arrhythmias due to 
‘digitalis. intoxivation. The value of antiarrhythmic drugs in preventing sudden death in patients 
‘with serious ventricular ectopic activity has not been established. Contraindications: Cardiogenic 
shock, preexisting second- or third-dagree AV block (if no pacemaker is present), congenital O-T 
prolongation, or known hypersensitivity to the drug. Warnings: Norpace or Norpace CR may 
pause or worsen congestive heart failure (CHF) or soot severe hypotension as 8 
raps apd of its negative inotropic properties. Hypotension has been observed primar- 
ily primary cardiomyopathy or inadequately compensated CHF. Norpace or Norpace 
CR should not be used in patients with uncompensated or marginally compensated CHF 
or hypotension unless the condition is secondary to cardiac arrhythmia. Patients with a 
history of heart failure may be treated with Norpace or Norpace CR, but careful attention 
mast he given to maintaining cardiac function, reg optimal digitalization. If hypo- 
`i tension occurs or CHF worsens, Norpace or Norpace CR should be discontinued and, if 
. “necessary, restarted at a lower dosage only after adequate cardiac compensation has 
‘been established. Norpace or Norpace CR should be discontinued if significant widening 
(greater than 25%) of the QRS complex occurs. Prolongation of the Q-T interval 
` = (enrrected) and worsening of the arrhythmia may occur. Patients who have evidenced 
-prolo jon of the Q-T interval in response to quinidine may be at particular risk. in 
, Type 1A antiarrhythmic drugs have been associated with torsade de pointes. if 
‘Q-T prolongation greater then 25% is observed and if ectopy continues, the patients 
should be monitored closely, and discontinuation of Norpace or Norpace CR considered. 
jn rare instances significant hypoglycemia has heen reported during Norpace therapy. 
The concomitant use of Norpace or Norpace CR with other Type 1 antiarrhythmic agents 
and/or propranolol should be reserved for patients with life-threatening arrhythmias who 
are. demonstrably unresponsive to single agent antiarrhythmic therapy. Such use may 
produsa sorious negative inotropic effects, or may excessively prolong conduction. 
Patisnts receiving more than one antiarrhythmic drug must be carefully monitored. If 
tint se heart block develops, the dosage of Norpace or Norpace CR should be 
“raduced. H the block persists, continuation of Norpace or Norpace CR must depend upon 
an assessment of benefit versus risk. Development of second- or third-degree AV block 
-ot ani; bb, or trifescicular block requires discontinuation of drug unless the ventricular 
vate is adequately: controiied by a pacemaker. Because of its anticholinergic activity, 
: amide phosphate should not be used in patients with glaucoma, myasthenia 
favis or urinary retention, unless adequate overriding measures are taken. in patients 
h a family history of glaucome, intraocular pressure should be measured before 
initiating Norpace or Norpace CR therapy. Precautions: Patients with atrial flutter or 
ation should be digitalized prior to Norpate or Norpace CR administration to ensure that drug- 
ucan enhancement of AV conduction does not allow a ventricular rate beyond physiologically 
acceptable limits. The effect of Norpace or Norpace CR is presently uncertain in patients with sick 
nus syndrome, Wolff-Parkinson-White syndrome, or bundle branch block, Patients with myo- 
carditis or other cardiomyopathy may develop significant hypotension in response to the usual 
dosage of disopyramide phosphate. Therefore, a loading dose of Norpace should not be given to 
‘such patients, and initial dosage and subsequent dosage adjustments should be made under close 
upervision. Norpace dosage should be reduced in patients with impaired renal or hepatic function 
and the electrocardiogram carefully monitored for signs of overdosage. Norpace CR is not 
recommended for patients with severe renal insufficiency. Antiarrhythmic drugs may be ineffective 
in patients with hypokalemia, and their toxic effects may be enhanced in patients with 
calemia. Therefore, potassium abnormalities should be corrected before starting Norpace or 
} CR therapy. Concomitant administration of disopyramide phosphate with phenytoin or 
‘other hepatic enzyme inducers may cause lower disopyramide plasma levels. Concomitant 
administration with other antiarrhythmics may cause excessive widening of the QRS complex and/ 
r prolongation of the Q-T interval. Concomitant administration with quinidine resulted in slight 
increases in disopyramide levels and slight decreases in quinidine levels. Pregnancy Category C. 
pace was associated with decreased numbers of implantation sites and decreased growth and 
al of pups when administered to pregnant rats at 250 mg/kg/day, a level at which weight 
food consumption of dams were also reduced. Increased resorption rates were reported 
bits at 60.mg/kg/day. Safe use in pregnancy has not been established. Disopyramide has 
been found in human fetal blood, Norgace has been reported to stimulate contractions of 
the prognant uterus, Use of Norpace or Norpace CR in pregnant women requires that the 
oteritial benefit be weighed against possibla hazards to the fetus. Effects of Norpace or Norpace 
‘CR on the fetus during delivery or on the course of labor and delivery are unknown. Following oral 
administration, disopyramide has been found in human milk at a concentration not exceeding that 
“in plasma, Because of the potential for serious adverse reactions in nursing infants from Norpace 
ot Notpace CR, a decision should be made whether to discontinue nursing or discontinue the drug, 
taking into account the importance of the drug to the mother. Adverse Reactions: Dry mouth, 
‘urinary hesitancy, constipation, blurred vision, dry nose/eyes/throat, urinary retention especially 
in mates with benign prostatic hypertrophy, urinary frequency and urgency, impotence, nausea, 
pain/bloating/gas, anorexia, diarrhea, vomiting, nervousness, dizziness, general fatique/muscle 
“weakness, headache, malaise, aches/pains, hypotension, congestive heart failure, cardiac conduc- 
tion disturbances, edema/weight gain, shortness of breath, syncope, chest pain, generalized rash/ 
dermatoses, itching, hypokalemia, elevated cholesterot/trigtycerides, depression, insomnia, 
dysuria; numbness/tingling, elevated liver enzymes, AV block, elevated BUN, elevated creatinine, 
‘decreased hemoglobin /hamatocrit, and hypoglycemia. Acute psychosis, cholestatic jaundice, and 
“ agranulocytosis, all three reversible, have been reported, as have fever, respiratory difficulty, 
thrombocytopenia, and gynecomastia. Some cases of lupus erythematosus (LE) symptoms have 
occurred mostly in patients switched from procainamide to disopyramide following the develap- 
“mont of LE symptoms. Dosage and Administration: Dosage must be individualized on the basis 
f response and tolerance. The usual adult dosage is 400 to 800 mg/day given in divided doses: 
qh for Norpace and q12h tor Norpace CR. See current complete prescribing information for 
dosage recommendations. 
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CARDIOLOGIST (U. S. TRAINED). Board Certified/Board Eligible, In- 
vasive/Non-invasive to join group of Board Certified Cardiologists in 
rapidly growing suburb of Atlanta, Ga. Busy hospital based private 
practice including Cath. PTCA, all non-invasive parameters. Available 
immediately. Excellent opportunity with generous salary and benefit 
package leading to partnership. Reply Box 960, The American Journal 
of Cardiology, 249 W. 17th St., New York, N.Y. 10011. 


CARDIOLOGIST—-BC/BE, Invasive referral practice, 
quaranteed salary. Willing to supplement Cardiology 
with IM. Central Florida. CV to Box 1030, The American 
Journal of Cardiology, 249 W. 17th St., New York, N.Y. 
10011. 
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This 200 physician, multi-specialty group current- 
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cialties. The group is hospital based in Northeast- 
ern Pennsylvania at the New York State border. 
Our state-of-the-art facility offers medical school 
teaching affiliations as well as clinical research 
opportunities. Residency programs are conducted 
in Internal Medicine and General Surgery. Physi- 
cians seeking challenging and rewarding practice 
opportunities, excellent salaries and benefits, 
combined with rural living and endiess recreation- 
al opportunities are encouraged to submit a letter 
and curriculum vitae to: 
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Sayre, PA 18840 
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The following is a brief summary only. Before prescribing, see 
complete prescribing information in Tenex product labeling 


Indications and Usage: Tenex (guanfacine hydrochloride) is indi- 
cated in the management of hypertension. Since dosing information 
(see Dosage and Administration) has been established in the 
presence of a thiazide-type diuretic; Tenex should, therefore, be used 
in patients who are already receiving a thiazide-type diuretic 
Contraindications: Tenex is contraindicated in patients with known 
hypersensitivity to guanfacine hydrochloride 

Precautions: General. Like other antihypertensive agents, Tenex 
(guanfacine hydrochloride) should be used with caution in patients 
with severe coronary insufficiency, recent myocardial infarction, 
cerebrovascular disease or chronic renal or hepatic failure 

Sedation. Tenex, like other orally active central alpha-2 adrenergic 
agonists, causes sedation or drowsiness, especially when beginning 
therapy. These symptoms are dose-related (see Adverse Reactions) 
When Tenex is used with other centrally active depressants (such as 
phenothiazines, barbiturates, or benzodiazepines), the potential for 
additive sedative effects should be considered 

Rebound. Abrupt cessation of therapy with orally active central 
alpha-2 adrenergic agonists may be associated with increases (from 
depressed on-therapy levels) in plasma and urinary catecholamines, 
symptoms of “nervousness and anxiety” and, less commonly. 
increases in blood pressure to levels significantly greater than those 
prior to therapy. 

Information for Patients. Patients who receive Tenex should be 
advised to exercise caution when operating dangerous machinery or 
driving motor vehicles until it is determined that they do not become 
drowsy or dizzy from the medication. Patients should be warned that 
their tolerance for alcohol and other CNS depressants may be 
diminished. Patients should be advised not to discontinue therapy 
abruptly. 

Laboratory Tests. In clinical trials, no clinically relevant laboratory 
test abnormalities were identified as causally related to drug during 
short-term treatment with Tenex (guanfacine hydrochloride) 

Drug Interactions. The potential for increased sedation when Tenex 
is given with other CNS-depressant drugs should be appreciated 

The administration of guantacine concomitantly with a known micro- 
somal enzyme inducer (phenobarbital or phenytoin) to two patients 
with renal impairment reportedly resulted in significant reductions in 
elimination half-life and plasma concentration, In such cases, there 
fore, more frequent dosing may be required to achieve or maintain the 
desired hypotensive response. Further, if guanfacine is to be discon- 
tinued in such patients, careful tapering of the dosage may be 
necessary in order to avoid rebound phenomena (see Rebound 
above) 

Anticoagulants. Ten patients who were stabilized on oral anti- 
coagulants were given guanfacine, 1 ~2 mg/day, for 4 weeks. No 
changes were observed in the degree of anticoagulation 

In several well-controlled studies, guanfacine was administered 
together with diuretics with no drug interactions reported. In the long- 
term safety studies, Tenex was given concomitantly with many drugs 
without evidence of any interactions. The principal drugs given 
(number of patients in parentheses) were: cardiac glycosides (115), 
sedatives and hypnotics (103), coronary vasodilators (52), oral 
hypoglycemics (45), cough and cold preparations (45), NSAIDs (38), 
antihyperlipidemics (29), antigout drugs (24), oral contraceptives (18), 
bronchodilators (13), insulin (10), and beta blockers (10) 

Drug/Laboratory Test Interactions. No laboratory test abnormalities 
related to the use of Tenex (quanfacine hydrochloride) have been 
identified 

Carcinogenesis, Mutagenesis, Impairment of Fertility. No 
carcinogenic effect was observed in studies of 78 weeks in mice at 
doses more than 150 times the maximum recommended human dose 
and 102 weeks in rats at doses more than 100 times the maximum 
recommended human dose. In a variety of test models guanfacine was 
not mutagenic 

No adverse effects were observed in fertility studies in male and 
female rats 

Pregnancy Category B. Administration of guantacine to rats at 70 
times the maximum recommended human dose and rabbits at 20 
times the maximum recommended human dose resulted in no 
evidence impaired fertility or harm to the fetus. Higher doses (100 and 
200 times the maximum recommended human dose in rabbits and rats 
respectively) were associated with reduced fetal survival and maternal 
toxicity. Rat experiments have shown that guanfacine crosses the 
placenta 


1A]l results from a four-week, open-label, baseline-controlled postma 


There are, however, no adequate and well-controlled studies in 
pregnant women. Because animal reproduction studies are not always 
predictive of human response, this drug should be used during preg- 
nancy only if clearly needed 

Labor and Delivery. Tenex (guanfacine hydrochloride) is not recom- 
mended in the treatment of acute hypertension associated with toxe- 
mia of pregnancy. There is no information available on the effects of 
guanfacine on the course of labor and delivery. 

Nursing Mothers. \t is not known whether Tenex (guanfacine hydro- 
chloride) is excreted in human milk. Because many drugs are excreted 
in human milk, caution should be exercised when Tenex is admin- 
istered to a nursing woman. Experiments with rats have shown that 
guanfacine is excreted in the milk 

Pediatric Use. Safety and effectiveness in children under 12 years of 
age have not been demonstrated Therefore, the use of Tenex in this 
age group is not recommended 
Adverse Reactions: Adverse reactions noted with Tenex (guanfacine 
hydrochloride) are similar to those of other drugs of the central a-2 
adrenoreceptor agonist class: dry mouth, sedation (somnolence), 
weakness (asthenia), dizziness, constipation, and impotence. While 
the reactions are common, most are mild and tend to disappear on 
continued dosing 

Skin rash with exfoliation has been reported in a few cases, although 
clear cause and effect relationships to Tenex could not be established, 
should a rash occur, Tenex should be discontinued and the patient 
monitored appropriately. 

In a 12-week placebo-controlled, dose-response study the 
frequency of the most commonly observed adverse reactions showed 
a clear dose relationship from 0.5 to 3 mg, as follows 


pe Assigned Treatment Group 
feac ai Placebo 0.5 mg 10mg 20mg 3.0 mg 
n= 72 72 72 

Dry Mouth 5 (7%) 4 (5%) 6 (8%) 8 (11%) 20 (28%) 
Somnolence 1 (1%) 3 (4%) 0 (0%) 1 (1%) 10 (14%) 
Asthenia o (0%) 2 (3%) 0 (0%) 2 (2%) 7 (10%) 
Dizziness 2 (2%) 1 (1%) 3 (4%) 6 (8%) 3 (4%) 
Headache 3 (4%) 4 (3%) 3 (4%) 1 (1%) 2 (2%) 
Impotence 1 (1%) 1 (0%) 0 (0%) 1 (1%) 3 (4%) 
Constipation o (0%) o (0%) 0 (0%) 1 (1%) 1 (1%) 
Fatigue 3 (3%) 2 (3%) 2 (3%) 5 (6%) 3 (4%) 


Fatigue 3 (8%) E 


There were 41 premature terminations because of adverse reactions 
in this study. The percent of patients who terminated and the dose at 
which they terminated were as follows 


Dose: Placebo 0.5 mg img 2mg 3 mg 


Vose: iCé tC, WEES 


Terminated 6.9% 4.2% 3.2% 69% 83% 


a 
A 


Reasons for dropouts among patients who received guanfacine 
were: somnolence, headache, weakness, dry mouth, dizziness, 
impotence, insomnia, constipation, syncope, urinary incontinence, 
conjunctivitis, paresthesia, and dermatitis. 

In a second placebo-controlled study in which the dose could be 
adjusted upward to 3 mg per day in 1-mg increments at 3-week inter 
vals, i.e., a setting more similar to ordinary clinical use, the most 
commonly recorded reactions were: dry mouth 47%, constipation 
16%, fatigue 12%, somnolence 10%, asthenia 6%, dizziness 6% 
headache 4%, and insomnia 4% 

Reasons for dropouts among patients who received guanfacine 
were: somnolence, dry mouth, dizziness, impotence constipation 
confusion, depression, and palpitations. 

In the clonidine/guanfacine comparison described in Clinical Phar 
macology, the most common adverse reactions noted were 


Guantacine (n= 279) Clonidine (n= 278) 


Dry mouth 30% 37% 
Somnolence 21% 35% 
Dizziness 11% 8% 
Constipation 10% 5% 
Fatigue 9% 8% 
Headache 4% 4% 
Insomnia 4% 3% 


21,000 patients with mild to moderate hypertension. The physicians participating in this study were recruited 


by A.H. Robins’ representatives. Data on file. 
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Over 21,000 Patients 
Studied‘ Confirm the 
eal-Life Benefits with 





(Guanfacine HCl) 


1 mg & 2 mg Tablets 


. When more than a thiazide diuretic is needed 


Adverse reactions occurring in 3% or less of patients in the three 
controlled trials were 


Cardiovascular— 
Gastrointestinal— 


CNS— 


bradycardia, palpitations, substernal pain 
abdominal pain, diarrhea, dyspepsia, 
dysphagia, nausea 

amnesia, confusion, depression, insomnia 
libido decrease 

rhinitis, taste perversion, tinnitus 
conjunctivitis, iritis, vision disturbance 


ENT disorders— 
Eye disorders— 


Musculoskeletal— leg cramps, hypokinesia 

Respiratory— dyspnea 

Dermatologic— dermatitis, pruritus, purpura, sweating 
Urogenital— testicular disorder, urinary incontinence 
Other— malaise, paresthesia, paresis 


Adverse reaction reports tend to decrease over time. In an open- 
label trial of one year's duration, 580 hypertensive subjects were given 
guanfacine, titrated to achieve goal blood pressure, alone (51%), with 
diuretic (38%), with beta blocker (3%), with diuretic plus beta blocker 
(6%), or with diuretic plus vasodilator (2%). The mean daily dose of 
guanfacine reached was 4.7 mg 





Incidence of adverse Incidence of 


Adverse Reaction reactions at any time adverse reactions 
during the study at end of one year 
N 580 580 
Dry mouth 60% 15% 
Drowsiness 33% 6% 
Dizziness 15% 1% 
Constipation 14% 3% 
Weakness 5% 1% 
Headache 4% 0.2% 
Insomnia 5% 0% 


——_———————— 


There were 52 (8.9%) dropouts due to adverse effects in this 1-year 
trial. The causes were: dry mouth (n = 20), weakness (n = 12). 
constipation (n= 7), somnolence (n = 3), nausea (n= 3), orthostatic 
hypotension (n = 2), insomnia (n= 1), rash (n= 1), nightmares (n = 1), 
headache (n= 1), and depression (n= 1) 

Postmarketing Experience. An open label postmarketing study 
involving 21,718 patients was conducted to assess the safety and effi 
cacy of Tenex (guanfacine hydrochloride) when administered with or 
without other antihypertensive agents. The most commonly reported 
adverse events in this study were the same as those observed in 
controlled clinical trials. Adverse évents reported in the postmarketing 
study at an incidence greater than 1% included: dry mouth (6.1%), 
dizziness (2.8%), somnolence (2.6%), fatigue (2.5%), headache 
(1.8%), and nausea (1.2%) 

Less frequent, possibly Tenex-related events observed in the post- 
marketing study and/or reported spontaneously include 


BODY AS A WHOLE 





asthenia, chest pain, edema, malaise 


tremor 

CARDIOVASCULAR bradycardia, palpitations, syncope. 
tachycardia 

CENTRAL NERVOUS SYSTEM aresthesias, vertigo 

EYE DISORDERS. lurred vision 

GASTROINTESTINAL SYSTEM abdominal pain, constipation, diarrhea. 
dyspepsia 


abnormal liver function tests 

MUSCULO-SKELETAL SYSTEM: arthralgia. leg cramps, leg pain. myalgia 

PSYCHIATRIC. agitation, anxiety, confusion, depression, 
insomnia, Nervousness 

REPRODUCTIVE SYSTEM, MALE: impotence 

RESPIRATORY SYSTEM dyspnea 

SKIN AND APPENDAGES: alopecia, dermatitis, exfoliative 


jermatitis, pruritus, rash 
SPECIAL SENSES: 


alterations in taste 
URINARY SYSTEM nocturia, urinary frequency 


LIVER AND BILIARY SYSTEM 


Rare, serious disorders with no definitive cause and effect relationship 
to Tenex have been reported spontaneously and/or in the post- 
marketing study. These events include acute renal failure, cardiac 
fibrillation, cerebrovascular accident, congestive heart failure, heart 
block, and myocardial infarction 

Drug Abuse and : No reported abuse or dependence has 
been associated with the administration of Tenex (guantacine 
hydrochloride) 
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Limitations of the Metabolic Rate Meter 
for Measuring Oxygen Consumption 
and Cardiac Output 


Richard A. Lange, MD, Gregory J. Dehmer, MD, Peter J. Wells, MD, David A. Tate, MD, 
Avanindra Jain, MD, Eduardo D. Flores, MD, Timothy C. Nichols, MD, and L. David Hillis, MD 


Over the past few years, a metabolic rate meter 


has been introduced for easy measurement of oxy- 
gen consumption. However, its accuracy is un- 
proved. In 40 patients (26 men, 14 women, ages 
34 to 73 years), cardiac output was measured si- 
multaneously by thermodilution and the Fick meth- 
od using the metabolic rate meter to quantitate 
oxygen consumption. In comparison with thermodi- 
lution, the results using the Fick method were low 
(5.26 + 1.18 vs 4.14 + 0.99 liters/min, respective- 
ly, p <0.01). In 18 patients cardiac output also was 
measured by the Fick method using a Douglas bag 
to quantitate oxygen consumption. In these pa- 
tients, oxygen consumption measured with the met- 
abolic rate meter was lower than that obtained us- 
ing the Douglas bag (168 + 25 vs 216 + 42 ml/ 
min, respectively, p <0.01). With the Douglas bag, 
the Fick and thermodilution cardiac output mea- 
surements were similar (4.68 + 1.08 vs 4.87 + 
0.86 liters/min, respectively, difference not signifi- 
cant), and they differed by <10% in 15 patients. In 
contrast, with the metabolic rate meter, the results 
of thermodilution were higher than those with the 
Fick method (4.84 + 0.95 vs 3.60 + 0.71 liters/ 
min, respectively, p <0.01), and differed by <10% 
in only 1 patient (p <0.01). Thus, the values for 
oxygen consumption and cardiac output obtained 
with the metabolic rate meter are lower than actual 
values. This device is less accurate than the 
Douglas bag. 

(Am J Cardiol 1989;64:783-786) 
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the Fick method requires a determination of oxy- 

gen consumption and the arteriovenous oxygen 
content difference across the lungs. Traditionally, oxy- 
gen consumption has been measured by analyzing the 
content of a timed sample of expired air collected in a 
Douglas bag. However, the reliable and accurate mea- 
surement of oxygen consumption using a Douglas bag 
requires technical expertise, attention to detail and the 
equipment necessary for analysis of the bag’s contents. 
In an attempt to simplify the measurement of oxygen 
consumption, the metabolic rate meter (MRM-2, Wa- 
ters Instruments) recently has been introduced.!? This 
device is easy to use, requires little technical expertise 
and eliminates the specialized equipment needed for 
Douglas bag analysis.” Since its introduction, over 400 
MRM-2 units have been placed in cardiac catheteriza- 
tion laboratories in the United States (personal commu- 
nication; Waters Instruments, Rochester, Minnesota). 
Although its ease of use has led to its widespread popu- 
larity, no published data are available assessing its accu- 
racy. This study was performed to evaluate the accura- 
cy of the MRM-2 in measuring oxygen consumption 
and cardiac output, and to determine the relative accu- 
racies of the MRM-2 and standard Douglas bag in de- 
termining oxygen consumption and cardiac output. 


Te accurate measurement of cardiac output by 


METHODS 

Patient population: The study group comprised 40 
patients (26 men, 14 women, ages 34 to 73 years) re- 
ferred for cardiac catheterization at 1 of 2 institutions 
(University of North Carolina Hospitals and Clinics, 
Chapel Hill, North Carolina [n = 22] or Parkland Me- 
morial Hospital, Dallas, Texas [n = 18]). Each patient 
had an oxygen content difference >30 ml/liter, and 
none had clinical or hemodynamic evidence of tricuspid 
or pulmonary valvular regurgitation or an intracardiac 
shunt. Of the 40 patients, 32 had coronary artery dis- 
ease, 3 had dilated cardiomyopathy, 3 had aortic steno- 
sis and 2 had no detectable cardiac disease. All patients 
were studied in the fasting state after oral premedica- 
tion with 5 mg of diazepam or 50 mg of diphenhydra- 
mine or both. 

Experimental protocol: In each patient, a cannula 
was placed in a systemic artery, and a balloon-tipped, 
flow-directed thermodilution catheter (American Ed- 
wards) was advanced to the pulmonary artery under 
fluoroscopic guidance. Over a 5 to 6 minute period, oxy- 
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OXYGEN CONSUMPTION WITH METABOLIC RATE METER 


TABLE I Cardiac Output Measured in 40 Patients by 
Thermodilution and the Fick Method Using the Metabolic Rate 
Meter 


196 + 42 
48.34 8.4 
4.14+0.99* 
5.26 + 1.18 
21+10 


Oxygen consumption (ml/min) 
Arteriovenous oxygen difference (ml/liter) 


Fick cardiac output (liters / min) 

Thermodilution cardiac output (liters /min) 

Difference between thermodilution and 
Fick cardiac output (%) 


All data are mean + 1 standard deviation. 
* p <0.01 vs thermodilution. 


gen consumption was measured with the MRM-2, sys- 
temic arterial and mixed venous blood samples were ob- 
tained for determination of oxygen saturation and he- 
moglobin concentration and 3 to 5 thermodilution 
cardiac output measurements were performed. In each 
patient, the measurement of oxygen consumption with 
the MRM-2 was performed according to the specifica- 
tions of the manufacturer? The factory-supplied 
MRM-2 calibrator (model 276) was used to calibrate 
each unit before initiation of the study. Before measure- 
ments were performed, the polarographic oxygen sensor 
was allowed to stabilize for >1 hour, the zero adjust 
was properly set, and the cell and calibrate readings dif- 
fered by <30%. The hood was carefully positioned to 
ensure complete collection of expired air. After an 
equilibration period of 2 to 3 minutes, the device was 
placed in the time-averaged mode to measure an oxygen 
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FIGURE 1. Comparison of the thermodilution (THD) cardiac 
output and the Fick cardiac output obtained with the metabolic 
rate meter for the 22 patients studied at the University of 
North Carolina (open circles) and the 18 patients studied at 
Parkland Memorial Hospital (closed circles). The line of identi- 
ty is displayed. Compared with the thermodilution technique, 
the results of Fick using the metabolic rate meter were consis- 
tently low. The regression equation is: thermodilution cardiac 
ee ee 
= 
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TABLE Il Cardiac Output Measured in 18 Patients by 
Thermodilution and the Fick Method Using the Metabolic Rate 
Meter and the Douglas Bag 


Metabolic 


Rate Meter Douglas Bag 


216 + 42* 
47.4 + 9.3 


168 + 25 
47.8+9.2 


Oxygen consumption (ml/min) 

Arteriovenous oxygen content 
difference (ml /liter) 

Fick cardiac output (liters /min) 

Thermodilution cardiac output 
(liters /min) 

Difference between thermodilution 
and Fick cardiac output (%) 


All data are mean + standard deviation. 
* p <0.01 vs metabolic rate meter. 


consumption <500 ml/min. The reported values repre- 
sent the means of consecutive time-averaged measure- 
ments over 3 minutes. 

In 18 of the patients (those studied at Parkland Me- 
morial Hospital), oxygen consumption also was deter- 
mined by an analysis of expired air collected in a Doug- 
las bag. After the patient’s nose was firmly clamped 
shut, he or she breathed through a fitted mouthpiece 
with a 2-way valve that allowed inspiration of room air 
and expiration into the Douglas bag. Immediately after 
the bag’s collection, its contents were analyzed by mea- 
suring the volume of air in the bag, the oxygen content 
of room air and the oxygen content of an aliquot of 
expired air. During the 3-minute Douglas bag collec- 
tion, systemic arterial and mixed venous blood samples 
again were collected for determination of oxygen satu- 


3.60+0.71 
4.84 +0.95 


4.68 + 1.08 
4.87 + 0.86 


25+8 S T9" 


D o 


N 


(Douglas Bag Analysis) 


= Line of Identity 


FICK CARDIAC OUTPUT (L/min) 


2 4 6 
THD CARDIAC OUTPUT (L/min) 





FIGURE 2. Comparison of the thermodilution (THD) cardiac 
output and the Fick cardiac output obtained with Douglas bag 
collection and analysis for 18 patients. The line of identity is 
displayed. In general, there was excellent agreement between 
the 2 techniques. 





ration, and 3 to 5 measurements of cardiac output by 
thermodilution were performed. 

Systemic arterial and mixed venous blood samples 
were drawn into 3-ml heparinized glass syringes, 
capped, placed in ice and analyzed immediately with a 
whole blood gas analyzer (Ciba-Corning model 288 or 
Instrumentation Laboratory Co-Oximeter 282). For de- 
termination of cardiac output by the Fick method, the 
arteriovenous oxygen content difference was calculated 
as: difference between systemic arterial and mixed ve- 
nous oxygen saturations X hemoglobin (in g/dl) X 1.39 
(ml O2/g Hgb) X 10 dl/liter. Thermodilution cardiac 
output measurements were performed in accordance 
with previously described methods‘ by injecting 10 ml 
of iced saline at 1-minute intervals. The variability of 
thermodilution cardiac output measurements in our lab- 
oratories is + 4%,>-° 

Statistical analyses: All data are reported as mean 
+ 1 standard deviation. Measurements of oxygen con- 
sumption and cardiac output in the same patients were 
compared with a paired ¢ test and, when appropriate, a 
chi-square or 2-variable linear regression analysis. For 
all analyses, a p value <0.05 was considered signifi- 
cant.!0 


RESULTS 

For the 40 patients, the thermodilution cardiac out- 
put ranged from 3.19 to 8.52 liters/min (mean 5.26 + 
1.18). Oxygen consumption measured by MRM-2 
ranged from 124 to 274 ml/min (mean 196 + 42), and 
the Fick cardiac output ranged from 2.27 to 6.43 liters/ 
min (mean 4.14 + 0.99). The Fick cardiac outputs were 
significantly lower than the simultaneously measured 
thermodilution outputs, and the percent difference 
ranged from 3 to 39% (mean 21 + 10%) (Table I). 

The results of the thermodilution and MRM-2-de- 
rived Fick cardiac output measurements for each pa- 
tient are shown in Figure 1. At both institutions, the 
Fick cardiac outputs with the MRM-2 were consistently 
lower than those obtained with thermodilution. For the 
40 patients, the regression equation for thermodilution 
and Fick cardiac outputs was: thermodilution cardiac 
output = 1.022 (Fick cardiac output) + 1.032 (r = 
0.86). The 2 cardiac output determinations differed by 
210% in 36 and by 225% in 15 of the 40 patients. 

For the 18 patients in whom oxygen consumption 
was measured by Douglas bag and MRM.-2, the ther- 
modilution cardiac outputs ranged from 3.54 to 6.92 li- 
ters/min (mean 4.85 + 0.90). As in the larger cohort of 
patients, the Fick cardiac outputs using the MRM-2 
were lower than the simultaneously measured thermodi- 
lution outputs (Table II, Figure 1), and the percent dif- 
ference was 8 to 38% (mean 25 + 8%). In contrast, the 
Fick cardiac output measurements obtained by Douglas 
bag were similar to the thermodilution outputs (Table 
II, Figure 2). The percent difference was 0 to 30% 
(mean 8 + 9%), and the difference was <10% in 15 of 
the 18 patients. For the 18 patients in whom oxygen 
consumption was measured by Douglas bag and MRM- 
2, the values obtained with the MRM-2 were consis- 


tently smaller than those obtained with the Douglas bag 
(Figure 3). 


DISCUSSION 

An accurate determination of cardiac output is im- 
portant in evaluating and recommending therapy for 
patients with a variety of cardiac abnormalities, includ- 
ing congenital, valvular and ischemic heart disease. Tra- 
ditionally, a timed collection of expired air in a Douglas 
bag is performed when cardiac output is measured by 
the Fick method.? However, a Douglas bag collection 
and analysis requires technical expertise and special 
equipment. As a result, other methods of determining 
oxygen consumption have been sought. Recently, the 
use of the MRM-2 metabolic rate meter has been advo- 
cated. With this device, after a plastic hood is placed 
over the patient’s head, a variable-speed blower main- 
tains the unidirectional flow of room air through the 
hood to a polarographic oxygen-sensing cell. The blower 
keeps the oxygen flowing past the polarographic cell at 
a constant predetermined value. The patient’s oxygen 
consumption is calculated from the volume rate and 
oxygen content of air moving past the polarographic 
cell.2 Although this device has enjoyed widespread use 
in >400 catheterization laboratories because of its ease 
of operation and alleged reliability,! no previously pub- 
lished study has assessed its accuracy. 

Our data indicate that the results of the Fick method 
obtained with the MRM-2 are consistently lower than 
the actual outputs (Table I, Figure 1). In our 40 pa- 
tients, the results of the Fick method using the MRM-2 
differed from those of thermodilution by 21 + 10%, and 
the results of Fick were lower than those of thermodilu- 
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FIGURE 3. Comparison of the oxygen consumptions mea- 
sured by Douglas bag collection and analysis and MRM-2 for 
18 patients. The line of identity is displayed. The values ob- 
tained by the MRM-2 were consistently smaller than those ob- 
tained by Douglas bag. 
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OXYGEN CONSUMPTION WITH METABOLIC RATE METER 


tion in 39 of the 40 patients (Figure 1). Furthermore, 
the measurements of oxygen consumption by MRM-2 
were inaccurate when compared with those obtained 
with a standard Douglas bag. In the 18 patients in 
whom oxygen consumption was measured by MRM-2 
and Douglas bag, the cardiac outputs measured by bag 
collection were similar to those measured by thermodi- 
lution, whereas those measured using the MRM-2 were 
lower (p <0.01) (Table II). Although an inadequate 
Douglas bag collection may occur in an occasional pa- 
tient, leading to an artifactually low measurement of 
oxygen consumption, a complete collection can be ob- 
tained in most patients. In 15 of the 18 patients, the 
thermodilution and Fick cardiac outputs by Douglas 
bag differed by <10%, data that are similar to those 
published previously from our laboratory.’ In contrast, 
the thermodilution and Fick outputs by MRM-2 dif- 
fered by <10% in only 1 of 18 patients (p <0.01). 

Although the MRM-2 device uniformly underesti- 
mated oxygen consumption and cardiac output, a linear 
regression analysis demonstrated a good correlation be- 
tween the results of thermodilution and Fick using the 
MRM-2 (r = 0.86) (Figure 1). This good correlation 
suggests that the “servoloop” concept on which the 
MRM-2 device is based may be valid, but the currently 
available device cannot measure oxygen consumption 
accurately. The demonstration of similar findings from 
2 institutions using different MRM-2 devices, each of 
which was calibrated to the manufacturer’s specifica- 
tions, suggests that a faulty MRM-2 device was not the 
cause of the discrepancy between the results of thermo- 
dilution and Fick. 

Our study has several strengths. First, patients with 
abnormalities that might make the thermodilution or 
Fick cardiac output measurements inaccurate (i.e., tri- 
cuspid or pulmonary valvular regurgitation,!! intracar- 
diac shunting or a narrow arteriovenous oxygen content 
difference!2) were excluded. Second, the Fick and ther- 
modilution cardiac output measurements were per- 
formed simultaneously. Third, the MRM-2-derived 
Fick cardiac output measurements were compared with 
both thermodilution and Fick derived from Douglas bag 
analysis. Fourth, similar results were obtained at 2 insti- 
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tutions using different MRM-2 devices, suggesting that 
a faulty MRM-2 device was not the source of consistent 
underestimation of oxygen consumption and cardiac 
output. 

In conclusion, the values for oxygen consumption 
and cardiac output obtained with the MRM-2 device 
are lower than the actual values. Despite its widespread 
use, the MRM-2 device is less accurate than the Doug- 
las bag. 
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Noninvasive Assessment of Central Circulatory 
_ Pressures by Analysis of Ear Densitographic _ 
Changes During the Valsalva Maneuver __ 


Luciano Bernardi, MD, Riccardo Saviolo, MD, and David H. Spodick, MD, DSc 


eee 
The ear densitogram was monitored in 21 consecu- 


tive patients with various degrees of myocardial 
function (New York Heart Association class | to IV) 
during the standardized Valsalva maneuver to eval- 
uate the quantitative relations between the pattern 
of response and the central circulatory pressures. 
The ear densitographic first derivative consistently 
tracked the aortic pulse pressure during the strain 
phase of the Valsalva maneuver (beat-to-beat cor- 
relation [r] range 0.98 to 0.72). The percent de- 
crease of the densitographic pulse derivative during 
strain correlated with left ventricular end-diastolic 
pressure at rest (r = 0.62, p <0.001), but not with 
cardiac output, cardiac index and ejection fraction. 
Multiple stepwise regression was used to take into 
account multiple aspects (time intervals and pulse 
amplitudes) of the pattern of response to the Val- 
salva maneuver. As a result, both correlations im- 
proved substantially (r = 0.97, p <0.001 for left 
ventricular end-diastolic pressure, and r = 0.92, p 
<0.001 for pulmonary artery wedge pressure). In 
conclusion, the combination of several noninvasive 
indexes obtained by pulse amplitude and interval 
changes during the strain phase of the Valsalva 
maneuver seems to be a new and promising method 
for noninvasive evaluation of the status of left 
ventricular filling pressures. 

(Am J Cardiol 1989;64:787-792) 
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mal pattern of aortic pulse pressure (the “square — 

wave”) occurs during the strain phase of the Valsal- 
va maneuver. It was suggested that this qualitative find- 
ing may be useful to support the diagnosis of myocardi- 
al dysfunction.®-!3 Recently, in quantifying the pressure — 
pattern during Valsalva strain, we reported that aortic 
pulse pressure decay correlated with left ventricular — 
end-diastolic pressure and pulmonary wedge pressure, | 
rather than ejection fraction, cardiac output and cardiac 
index.'4 Because the indexes used to define pulse pres- 
sure decay were independent of the absolute values of 
aortic pulse pressure, we hypothesized that the Valsalva 
maneuver could potentially predict invasive parameters © 
noninvasively, if the aortic pressure pattern could be re- 
produced noninvasively. ER 

We showed that the ear densitographic pulse is con- 
sistently and predictably related to the pulse wave. of 
large arteries,'5 and reliably reflects central circulator 
phenomena including ejection time,'® ejection rate,! 
stroke volume, ejection fraction and velocity of circum- 
ferential fiber shortening.'® In this study we recorded. 
the ear densitogram to test its predictive ability for aor- 
tic pressure decay during Valsalva strain, and thus eval 
uate central circulatory pressures noninvasively. 


[: heart failure!~5 and volume overload,’ an abnor- 


METHODS 
Patients: We investigated 21 patients with a mean 
age of 61 years (range 33 to 78). Fourteen consecutive 
patients were undergoing diagnostic catheterization and 
7 patients were in the medical intensive and coronary. 
units for right-sided cardiac pressure monitoring; all 
gave informed consent. Cardiac disability was classified _ 
by New York Heart Association criteria. The diag- 
noses, hemodynamics, functional class and medications ce 
are listed in Table I. 


off low-pass. filter, pro 





Jos -quasaid = + UdL = Q 'UOSUIHIİÁY HWUASÁS = HS ‘aunsseud UNE PUBU = yy "PNS 
"sgaid eBpam Mape fueuowynd = Myg ‘eunssaud 3403}3ÁS Mape fueuowind = Syd ‘eunssed ayoyseip Aaye Heuownd = gvd ‘aunssazd Aiape Aseuowjnd uea = Yd SSe jeuogouny UOReDOssy HEH MOA MƏN = VHAN ‘s1sOUDYS [EJIL = SIN ‘UORIIEUL 
“yeipaedo Au = |W ‘eanssesd DyO}SeIp-pua INAUA ya = Gn) ‘AujedoAwolpie2 payenp Suyedoip} = Qd ‘uoRse4 uoyoaa = 43 ‘Sryyfou sayeqeip = ‘yooys Siuagoipsed = SO ‘aseesip Bury eARSNASGO AAO = GdOD andino seIpied = OD 
DBIPIED = [9 ‘eunpey pey AAR: = JHO ‘eseasip Aye 0102 = GYD ‘Bui ssedAq Kape Ai2U0s00 JOYE = DAYI UNGE = e9 tensso DHOYSAS MOE = Soy Sunssesd Syoyseip Moe = Goy ‘vOReTAY eue = dy ‘ued yayo ede = JOY. 

dl — a, 
IN SUIEIOPY Suugzoqoq 
|SaUIgelp ‘ZLOH ‘4349044 g 
: AW sazeayju ‘OpiWasOINy ‘UI|NSu| 
“avo ‘Av uxosig 
dHO'IW səzeayju ‘apLUEsOsNy ‘UXOZIG 

Poe aprueujeoosd 

SO ‘IW ‘uxoBip ‘auresopy ‘Suuedoq 
IW ZLOH ‘sageu ‘400/9 BD 
dov SOqCQIN 
ysiuodejue e9 ‘weypoiq g 
IW saenu ‘ysluo#ezue eg ‘30490/q g 
dov SOJEN 
ZILOH ‘saeu ‘434004 g 
IW saeu ‘siuogezue g9 ‘4240019 g 
| dHO'SW əpıuəsony ‘UIxosIG 
|. Gd03 ‘IW ysiuodeque eg ‘4999010 g 
: IW saeu ‘4040019 g 
unsur ysituogezue ED '104004q g 
saeu '434004q g 
ysiuoBeue eg '41a400q g 
poja g 


SUORLIPƏN }S27 Qwu/09) (uwu/səp) (BH ww) (8H ww) (BH ww) (BH uw) (BHww) (BH ww) avo xeg (s 
re) 09 qoy daan SYd avd vu Md aay 


“—wOowmorn 
rs = = 
+++0o+o 


sosog gg 


23S 


a 
wm 


otroortootoo00c9o oottoo 


ooott+tooocot+t+00F oot+oo 


+tttt+rott+ott+ott+ 
SSSSSuuFtSSsuuse 


zI 

t 8 
S 9 
S zi 
0 8 
S 9 
€ 9 
S vai 
S o£ 
S S 
€ G 
z Ł 
8 8 
6 L 
ETA 6 


2 
























_ Pulse densitography: The ear densitogram responds 

o the blood volume flow between sensing and light- 
emitting elements, producing a composite signal!? of 
pulse waves directly related to and varying with the 
morphology of central arterial pulses,!5 and of slowly 
fluctuating components due to phasic differences in ve- 
nous return. After electronic differentiation, densito- 
graphic pulse morphology is even closer to that of arte- 
rial displacement and pressure pulses, and equally suit- 
able to precisely identify time intervals, 

Valsalva maneuver: Our patients performed a stan- 
dardized Valsalva maneuver lying supine and blowing 
into a manometer to maintain 40 mm Hg of pressure 
_ for 10 seconds. The procedure was repeated at least 3 
times, or until a satisfactory maneuver was directly ob- 
served. Electrocardiogram and ear densitogram deriva- 
> tive were recorded at 50 mm/s simultaneously with con- 

tinuous right atrial, pulmonary artery and aortic pres- 
sures, Medical intensive care and coronary unit patients 
underwent the same protocol, but with only right-sided 
heart pressures and thermodilution cardiac output. One 
patient received sublingual nitroglycerin after the first 
Valsalva maneuver and the protocol was repeated after 
hemodynamic stabilization. Only the Valsalva maneu- 
ver performed before nitroglycerin was used in the re- 
gression equations; the second maneuver tested whether 
the regression equation would correctly predict new pul- 
monary artery wedge pressure. 
ic measurements: We measured mean 
right atrial pressure, mean pulmonary artery pressure, 
pulmonary artery wedge pressure, left ventricular end- 
diastolic pressure, systolic and diastolic aortic pressure, 
thermodilution cardiac output, cardiac index and ejec- 
tion fraction, computed by planimetry of the end-systol- 
ic and end-diastolic cineangiograms. 

Quantitative evaluation of the Valsalva maneuver: 
To quantify the changes occurring during Valsalva 
strain, the following indexes were obtained from the ear 
densitographic first derivative and the aortic pulse pres- 
sure'*: (1) last beat/first beat percent pulse amplitude 
ratio; (2) minimal/maximal percent pulse amplitude; 
and (3) normalized slope of linear fit of pulse amplitude 
decay (first pulse amplitude = 100). Also, the following 
time indexes were evaluated by using ear densitogram- 
derived time intervals: (4) last beat/first beat percent 
RR interval ratio; (5) longest /shortest percent RR in- 
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TABLE il Hemodynamic Parameters at Rest 
No. of Pts 







Mean + SD Range ee 











































RAP (mm Hg) 21 5743.4 $ 
PA (mm Hg) 21 2116 7-80 
PCWP (mm Hg) 21 118468 5-30 
LVEDP (mm Hg) 14 10.8 6.2 3-23 
AoS (mm Hg) 21 127 +20 74-155 
AoD (mm Hg) 21 7149 55-80 
CO (liters /min) 21 4.74 +0.98 2.96-6.76 
CI (liters /m?) 21 2.58 + 0.40 1.79-2.95 
EF (%) 14 55+ 11 40-67 











PCWP = pulmonary capillary wedge pressure; RAP = right atrial pressure; SD = 
standard deviation. Other abbreviations as in Table |. 





























































terval; (6) slope of linear fit of RR interval shortening; 
(7) last beat/first beat percent left ventricular ejection ` 
time; (8) longest/shortest percent left ventricular ejec- 
tion time; (9) slope of linear fit of left ventricular ejec- 
tion time shortening; (10) last beat/first beat percent 
diastolic time; (11) longest/shortest percent diastoli 
time; and (12) slope of linear fit of diastolic time short- 
ening. In 3 patients with atrial fibrillation, last/first per: 
cent ratios were obtained averaging the first 5 and the 
last 5 beats, with ratio (2) obtained by averaging the 
highest amplitude beats at start-strain. Figure 1 shows 
the ear densitographic signal during the Valsalva ma- 
neuver in a normal subject. : 
Statistical analysis: Statistical analysis was pe 
formed by linear regression and linear correlation co 
efficient. The ability of the ear densitogram to track 
central aortic pulse responses to Valsalva strain was as- s 
sessed by beat-to-beat correlation of the amplitudes ofo 
both signals for each maneuver. Multiple stepwise re- 
gression analysis? was used to evaluate the correlation = 
between hemodynamics at rest and the global Valsalva .. 
effect on the pressure pulse pattern. Significance was 
assessed by F ratio of multiple regression analysis of o 
variance”? a 


RESULTS 

Table II lists the hemodynamics at rest. 

Valsalva maneuver: Typical increases of right and _ 
left ventricular pressures were observed in all patients 
during Valsalva strain. Aortic pressure pulse response 
varied from a square wave to a typical normal decrease 
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itude. Under stable hemodynamic conditions, 
tition of the maneuver differed no more than 18% 
‘any parameter. 
| Invasive and noninvasive correlations: Quantitative 
pulse pressure decay during Valsalva strain correlated 
closely with the corresponding decay of ear densito- 
- graphic amplitude (r = 0.70 for minimal /maximal per- 
cent pulse amplitude ratio, r = 0.74 for last/first per- 
<- cent pulse amplitude ratio and r = 0.74 for linear slope, 
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p <0.01 for all). For individual Valsalva maneuvers, the 
beat-to-beat correlation of pulse amplitude decay — 


ranged from r = 0.72 to 0.98 during strain (Figures 2 
and 3). E 

Correlations between Valsalva responses and he- 
modynamics at rest: Ear densitographic pulse changes 
during Valsalva strain correlated significantly with left 
ventricular end-diastolic pressure (min/max: r = 0.88, p 
<0.001, and last/first: r = 0.72, p <0.01), pulmonary 
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2. Correspondence between aortic pulse pressure 
and car densitographic first derivative (middle) ampli- 


strain phase of a normal Valsalva maneuver. 










FIGURE 3. Correspondence between aortic pulse pressure 
(top) and ear densitographic first derivative (middle) a 
amplitudes during the strain phase of the Valsalva maneuver 












| wedge Pressure (min/max: r = 0.63, p <0.01, and last/ 
first: r = 0.75, p <0.001), mean pulmonary artery pres- 
| sure (last/first: r = 0.64, p <0.01) and mean right atri- 
al pressure (min/max: r = 0.44, p <0.05), but not with 
cardiac output, cardiac index and ejection fraction. Left 
ventricular ejection time changes during strain showed 
significant, but low, correlation with pulmonary wedge 
and right atrial pressures at rest (slope: r = 0.57, p 
<0.01, and min/max: r = 0.53, p <0.01). Diastolic time 
changes during strain correlated slightly with cardiac 
output (r = 0.45 min/max, p <0.05) and right atrial 
pressure (slope: r = 0.44, p <0.05). RR-interval 
changes during strain correlated with left ventricular 
» end-diastolic pressure (last /first: r = 0.77, p <0.01) and 
with cardiac output (min/max: r = —0.48, p <0.05). 
_ We examined the highest correlation by an alternative 
analysis. For the left ventricular end-diastolic pressure 
equation limits of agreement were + 2.87 mm Hg with 
95% confidence intervals of 1.45 to 4.29 mm Hg for 
upper limit and ~4.29 to —1.45 mm Hg for lower limit. 
For the pulmonary artery wedge equation limits of 
agreement were +5.7 and —5.2 mm Hg; 95% confi- 
dence intervals were 3.58 to 7.88 mm Hg for upper lim- 
it and —7.34 to 3.04 mm Hg for lower limit. 

Multiple stepwise regression analysis: For the com- 
bination of several noninvasive indexes describing Val- 
salva response during strain, multiple stepwise regres- 
sion analysis yielded increases for all correlations. Be- 
cause the relation between pulmonary artery wedge 
Pressure and noninvasive parameters showed a curvilin- 
ear trend, pulmonary wedge pressure was evaluated af- 
ter natural logarithmic transformation, yielding the fol- 
lowing regression equations: 

(1) Left ventricular end-diastolic pressure = 6.624 + 
0.082 X systolic blood pressure + 0.326 X shortest /lon- 
gest percent RR interval + 0.339 x minimal /maximal 
percent ear pulse amplitude + 0.09 X last beat /first 
beat percent diastolic time (r = 0.97, standard error of 
the mean = 1.72 mm Hg, p <0.001, Figure 4). 

(2) Natural log of pulmonary capillary wedge pres- 
sure = 3.2105 — 0.01 X shortest /longest percent RR 
interval + 0.06 X linear slope of left ventricular ejection 

- time + 0.010 X last beat/first beat percent ear pulse 
amplitude (r = 0.92, standard error of the mean = 
0.215 In-mm Hg, p <0.001, Figure 4). All independent 
| variables in these equations were predictive, with p at 
| least $0.05. 

In the patient given nitroglycerin, the Valsalva pres- 
sure pulse response changed from a quasi-square wave 
into a normal wave. Moreover, pulmonary wedge pres- 
sure decreased from 14 to 8 mm Hg, consistent with the 
aforementioned regression equation 2, which predicted 
a decrease of pulmonary wedge pressure from 13 to 7 
mm Hg. 


DISCUSSION 
| The Valsalva maneuver appears ideal for noninva- 
_ sive techniques evaluating dynamic responses without a 
-cali Signal.) The ear densitograph, a photople- 
raphic transducer, responds to changes in blood 
ind volume pulse 





1? the latter representing vari- _ 





ations caused by pulsatile flow. A close functional rela 
tion between arterial blood volume changes and varia 
tions in arterial pressure was first postulated22 for in 
traarterially recorded Valsalva responses, suggesting di- 
agnostically useful correlations between a photople- 
thysmographically recorded Valsalva response and cor-" 
responding cardiovascular events.22 cee 

The typical normal response to Valsalva strain is 
progressive decay in amplitude of aortic pulse pressure, 
often preceded by transient augmentation along with ae 
progressive shortening of cycle length, ejection time and 
diastolic time.?! In a typical abnormal response, pulse 
pressure is almost unchanged while both systolic and 
diastolic aortic pressures shift upward (square wave). In 
a randomly selected group of patients, aortic pulse pres- 
sure decay during Valsalva strain showed a wide range 
of patterns, normal to square wave, correlating with the 
level of central circulatory pressures at rest.!4 










































r = 0.973 
p<0.001 










LVEDP-observed (mmHg) 



















r = 0.929 
p<0.001 





PCW-observed (In-mmHg) 












FIGURE 4. Correlations between observed and predicted left i> 
ventricular end-diastolic pressures (LVEDP) (top) and between 
observed and predicted 
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‘The densitogram tracked the aortic pressure pulse 
_ pattern very closely during strain; beat-to-beat correla- 
tions were excellent in all patients, despite some re- 
- sponses approaching a square wave with small changes 
jn aortic and densitographic pulse amplitudes. These 
agree completely with previous studies!”-!9 confirming 
~ that aortic pulse morphology during strain can be repro- 
duced noninvasively (Figures 2 and 3). 
>o There was excellent correlation between noninvasive 
data and resting left ventricular end-diastolic pressure, 
and (to a lesser degree) pulmonary artery wedge pres- 
sure. 

We also found fairly good correlations with changes 
in pulmonary wedge pressure and left ventricular end- 
diastolic pressure, and several indexes derived from the 

specific pressure pulse pattern during strain. Because 
each such noninvasive index identified a single aspect of 
a complex hemodynamic response, it is not surprising 

that those correlations predict pressure levels at rest 
with a rather large error. However, multivariate analy- 

sis permitted a more global evaluation of strain re- 
sponses. 

It is unclear why Valsalva hemodynamic responses 

correlated with left ventricular filling pressures rather 
than cardiac output, cardiac index and ejection fraction. 
Yet these responses may reflect resting left ventricular 
compliance and the pulmonary blood reservoir.!4 To ex- 
-plain the better correlation obtained with left ventricu- 
lar end-diastolic and pulmonary artery wedge pressures, 
jt should be considered that end-diastolic pressure re- 
flects combined myocardial compliance and preload, 
-and wedge pressure reflects left-ventricular end-diastolic 
<- pressure changes. 
The method requires the patient's collaboration, yet 
-is easy and safe, because in the failing heart increased 
intrathoracic pressure may augment cardiac perfor- 
mance. The correlations from multiple regression 
seem strong enough to reliably predict the status of fill- 
ing pressures at rest noninvasively, which is indicated by 
the low standard error of estimate and narrow confi- 
dence limits (Figure 4). Moreover, these results were 
obtained despite patient inhomogeneity regarding de- 
gree of cardiac impairment, diagnosis, therapy and clin- 
ical conditions (Table I). 
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Taking nature as its model, Chorus, 
a new DDD, is designed to optimize 
hemodynamics and to provide the best 
response to some physicians’ concerns 
with other DDD pacemakers. 


DDD pacing effectiveness is optimized 
with atrial sensing. 

Chorus offers A-V synchrony at high 
physiological rates. 








Chorus is designed to detect atrial rates 
as fast as flutter (up to 348 bpm) due toa 
potentially very high 2:1 point; Chorus 
can therefore provide a safe response to 
the ventricles in case of an atrial tachy- 
cardia. 

For high rates during exercise, Chorus 
maintains A-V synchrony by minimi- £ 
zing refractory periods. This solu-; 

tion requires complete control of 
retrograde conduction risks. With 
Chorus, PMT can be detected and 
terminated even at frequencies 
below the upper rate. 


Each physician has different 
requirements. 

Chorus offers many 
programming alternatives. 

To simplify programming and $ 
follow-up, while offering nu- 
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product and in patients with a history of angioedema related to previous treatment with an ACE inhibitor. 
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If excessive hypotension occurs, the patient should be placed in supine position and, if necessary, receive an intrave- 
nous infusion of normal saline. A transient hypotensie response is not a contraindication to further doses of VASOTEC 
which usually can be given without difficulty once the blood pressure has stabilized. If symptomatic hypotension 
develops, a dose reduction or discontinuation of VASOTEC or concomitant diuretic may be necessary. 
Neutropenia/Agranulocytosis: Another ACE inhibitor, capto; ril, has been shown to cause agranulocytosis and bone mar- 
row depression, rarely in uncomplicated patients but more frequently in patients with renal impairment, especially if they 
also have a collagen vascular disease. Available data from clinical trials of enalapril are insufficient to show that enalapril 
does not cause agranulocytosis at similar rates. Foreign marketing experience has revealed several cases of neutropenia 
or granons in which a causal relationship to enalapril cannot be excluded. Periodic monitoring of white blood cell 
counts in patients with collagen vascular disease and renal disease should be considered. 


Precautions: General: Impaired Renal Function: As a consequence of inhibiting the renin-angiotensin-aldosterone 
system, changes in renal function may be anticipated in susceptible individuals. In patients with severe heart failure 
whose renal function may depend on the activity of the renin-angiotensin-aldosterone system, treatment with ACE 
inhibitors, including VASOTEC. may be associated with oliguria and/or progressive azotemia and rarely with acute renal 
failure and/or death 
In clinical studies in hypertensive patients with unilateral or bilateral renal artery stenosis, increases in blood urea 
nitrogen and serum creatinine were observed in 20% of patients. These increases were almost always reversible upon 
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be used cautiously, if at all, with VASOTEC. (See Drug Interactions.) 

Sp Ali: In patients undergoing major surgery or during anesthesia with agents that proce hypotension, 
enalapril may block angiotensin II formation secondary to compensatory renin release. If hypotension occurs and is 
considered to be due to this mechanism, it can be corrected by volume expansion 

Information for Patients: 

Angioedema: Angioedema, ng laryngeal edema, may occur especially following the first dose of enalapril 
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Radioactivity was found to cross the placenta following administration of labeled enalapril to pregnant hamsters. 
There are no adequate and well-controlled studies of enalapril in pregnant women. However, data are available that sho 
enalapril crosses the human placenta. Because the risk of fetal toxicity with the use of ACE inhibitors has not been clear! 
defined. VASOTEC® (Enalapril Maleate, MSD) should be used during pregnancy only if the potential benefit justifies th 
Potential risk to the fetus 
Postmarketing experience with all ACE inhibitors thus far suggests the following with regard to pregnancy outcome 
Inadvertent exposure limited to the first trimester of pregnancy has not been reported to affect fetal outcome adversel 
Fetal exposure during the second and third trimesters of pregnancy has been associated with fetal and neonatal morbidit 
and mortality. 
When ACE inhibitors are used uring the later stages of pregnancy, there have been reports of hypotension and decreast 
renal perfusion in the newborn. O pany trang in the mother has also been reported, presumably representin 
decreased renal function in the fetus. Infants exposed in utero to ACE inhibitors should be closely observed for hypoten 
sion orua and hyperkalemia. If oliguria occurs, attention should be directed toward support of blood pressure anı 
renal perfusion with the administration of fluids and pressors as appropriate Problems associated with prematurity suc 
as patent ductus arteriosus have occurred in association with maternal use of ACE inhibitors, but it is not clear whethe 
they are related to ACE inhibition, maternal hypertension, or the underlying prematurity. 
Nursing Mothers: Milk in lactating rats contains radioactivity following administration of 14C enalapril maleate. It is nol 
known whether this drug is secreted in human milk. Because many drugs are secreted in human milk, caution should bi 
exercised when VASOTEC is given to a nursing mother 
Pediatric Use: Satety and effectiveness in children have not been established 
Adverse Reactions: VASOTEC has been evaluated for safety in more than 10,000 patients, including over 100 
patients treated for one year or more VASOTEC has been found to be generally well tolerated in controlled clinical trial 
involving 2987 patients. 
HYPERTENSION: The most frequent clinical adverse experiences in controlled trials were: headache (5.2%), dizzines 
(4.3%), and fatique (3%) 
Other adverse experiences occurring in greater than 1% of panone treated with VASOTEC in controlled clinical trial 
were: diarrhea (1.4%), nausea (1 494) rash (1.4%), cough (1.3%), orthostatic effects (1.2%), and asthenia (1.1%) 
HEART FAILURE: The most frequent Clinical adverse experiences in both controlled and uncontrolled trials were: dizzi 
ness (79%), hypotension (6.7%), orthostatic effects (2.2%), syncope (2.2%), cough (2.2%), chest pain (2.1%), an 
diarrhea (2 4g} 
Other adverse experiences occurring in greater than 1% of patients treated with VASOTEC in both controlled and uncon 
trolled clinical trials were: fatigue ( B94 headache (1 BY), abdominal pain (1.6%), asthenia (1.6%), orthostatic hypo 
tension (1.6%), vertigo (1 ex angina pectoris (1.5%), nausea q 3%) vomiting (1.3%), bronchitis (1.3%), dyspne 
(1.3%). urinary tract infection (1.3%), rash (1.3%), and myocardia infarction (1.2%) 
Other serious clinical adverse experiences occurring since the drug was marketed or adverse experiences occurring ii 
0.5% 10 1% of patients with hypertension or heart failure in clinical trials in order of decreasing severity within eaci 
category 
Cardiovascular: Cardiac arrest: myocardial infarction or cerebrovascular accident, possibly secondary to excessiv 
hypotension in high-risk patients (See WARNINGS, Hypotension), cardiac arrest, pulmonary embolism and infarctio 
rhythm disturbances, atrial fibrillation; palpitation 
Digestive: Ileus, pancreatitis, hepatitis or cholestatic jaundice, melena, anorexia, dyspepsia, constipation, glossitis 
Nervous/Psychiatric: Depression, contusion, ataxia, somnolence, insomnia, nervousness, paresthesia 
Urogenital: Renal failure, oliguria, renal dysfunction (see PRECAUTIONS and DOSAGE AND ADMINISTRATION) 
Respiratory: Bronchospasm, rhinorrhea, asthma, upper respiratory infection 
Skin: Herpes zoster, pruritus, alopecia, flushing, photosensitivity. 
Other: Vasculitis, muscle cramps, hyperhidrosis, impotence, blurred vision, taste alteration, tinnitus 
A symptom complex has been reported which may include tever, myalgia, and arthralgia; an elevated erythrocyte sedi 
mentation rate may be present. Rash or other dermatologic manifestations may occur. These symptoms have disap 
peared after discontinuation of therapy. 
Angioedema: Angioedema has been reported in patients receiving VASOTEC (0. 2%). Angioedema associated wi 
laryngeal edema may be fatal. If angioedema of the face, extremities, lips, tongue, glottis, and/or larynx occurs, treat} 
ment with VASOTEC should be discontinued and appropriate therapy instituted immediately. (See WARNINGS.) 
Hypotension In the hypertensive patients, hypotension occurred in 0.9% and syncope occurred in 0.5% of patient: 
following the initial dose or during extended therap Hypotension or syncope was a cause for discontinuation of thera] 
in 0.1% of hypertensive patients. In heart failure patients, hypotension occurred in 6.7% and syncope occurred in 2.2 
of patients ypoterision or syncope was a cause for discontinuation of therapy in 1 9% of patients with heart failur 
(See WARNINGS.) 
Clinical Laboratory Test Findings 
Serum Electrolytes: Hyperkalemia (see PRECAUTIONS), hyponatremia 
Creatinine, Blood Urea Nitrogen: In controlled clinical trials, minor increases in blood urea nitrogen and serum creati 
nine, reversible upon discontinuation of therapy, were observed in about 0.2% of patients with essential hypertensio! 
treated with VASOTEC alone. Increases are more likely to occur in patients receiving concomitant diuretics or in patient 
with renal artery stenosis. (See PRECAUTIONS.) In patients with heart failure who were also receiving diuretics with 
without digitalis, increases in blood urea nitrogen or serum creatinine, usualy reversible upon discontinuation 
VASOTEC and/or other concomitant diuretic therapy, were observed in about 11% of patients. Increases in blood ur 
nitrogen or creatinine were a cause for discontinuation in 1.2% of patients. 
Hemoglobin and Hematocrit: Small decreases in hemoglobin and hematocrit (mean decreases of approximately 0.3 g 
and 1.0 vol %, respectively) occur frequently in either hypertension or heart failure patients treated with VASOTEC but ar 
rarely of clinical importance unless another cause of anemia coexists. In clinical trials, less than 0.1% of patients discon 
tinued therapy due to anemia. 
Other (Causal Relationship Unknown): \n marketing experience, rare cases of neutropenia, thrombocytopenia, and bon 
marrow depression have Deen reported 
Liver Function Tests: Elevations of liver enzymes and/or serum bilirubin have occurred 
Dosage and Administration: Hypertension. In patients who are currently being treated with a diuretic, symptomati 
hypotension occasionally may occur following the initial dose of VASOTEC. The diuretic should, if possible, be discon 
tinued for two to three days betore beginning ey with VASOTEC to reduce the likelihood of hypotension. (Se 
WARNINGS.) If the patient's blood pressure is not controlled with VASOTEC alone, diuretic therapy may be resumed 
If the diuretic cannot be discontinued, an initial dose of 2.5 mg should be used under medical supervision for at least tw 
nore a until blood pressure has stabilized for at least an additional hour. (See WARNINGS and PRECAUTIONS, Dri 
interactions.) 
The recommended initial dose in patients not on diuretics is 5 mg once a day. Dosage should be adjusted apcordnui 
blood pressure response. The usual dosage range is 10 to 40 mg per day administered in a single dose or in two divide 
doses. In some patients treated once daily, the apane effect may diminish toward the end of the dosing interval 
In such patients, an increase in dosage or twice-daily administration should be considered. If blood pressure iS not con 
trolled with VASOTEC alone, a diuretic may be added 
Concomitant administration of VASOTEC with potassium supplements otassium salt substitutes, or potassium-spar 
ing diuretics may lead to increases of serum potassium (see RECAUTIONS) 
Dosage pended in Hypertensive Patients with Renal Impairment: The usual dose of enalapril is recommended fo 
patients with a creatinine clearance >30 mL/min (serum creatinine of up to approximately 3 mg/dl) For patients wit! 
Creatinine clearance <30 mL/min (serum creatinine =3 mg/dL), the first dose is 2.5 mg once daily. The dosage may bi 
titrated upward until blood pressure is controlled or to a maximum of 40 mg daily. 
Heart Failure: VASOTEC is indicated as adjunctive therapy with diuretics and otal The recommended starting dose i: 
25 m once or twice aiy After the initial dose of VASOTEC, the patient should be observed under medical supervisior 
for at feast two hours and until blood pressure has stabilized for at least an additional hour. (See WARNINGS and PRE 
CAUTIONS, Du Interactions.) lf possible, the dose of the diuretic should be reduced, which may diminish the likelihoot 
of hypotension. The appearance of hypotension after the initial dose ot VASOTEC does not preclude subsequent carefu 
dose titration with the drug, following effective management of the hypotension. The usual therapeutic dosing range fo 
the treatment of heart failure is 5 to 20 m mely given in two divided doses. The maximum daily dose is 40 mg. Once-dail 
dosing has been effective in a controlled study, but nearly all patients in this study were given 40 mg, the maximum rec 
ommended daily dose, and there has been much more experience with twice cot dosing. In addition, in a placebo-con 
trolled study which demonstrated reduced mortality in ee with severe hearf failure ‘pid Class IV), patients wer 
treated with 2.5 to 40 mg per day of VASOTEC, almost always administered in two divided doses. (See CLINICAL PHAR 
MACOLOGY, Pharmaco yeni and Clinical Effects.) Dosage may be adjusted depending upon clinical or hemody 
namic response. (See WARNINGS.) 
Dosage Adjustment in Heart Failure Patients with Renal Impairment or Hyponatremia In heart failure patients wit 
hyponatremia (serum sodium <130 mb /L) or with serum creatinine >1.6 mg/dL, therapy should be initiated at 2.5 m 
daily under close medical supervision. (See DOSAGE AND ADMINISTRATION, Heart Failure, WARNINGS, and PRE 
CAUTIONS. Drug Interactions.) The dose may be increased to 2.5 mg b.1.d., then amg b.i.d. and higher 
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Noninvasive Measurement of Cardiac Output 
During Surgery Using a New Continuous-Wave 
Doppler Esophageal Probe 
Anil Kumar, MD, Shinichi Minagoe, MD, Duraiyah Thangathurai, MD, Maged Mikhail, MD, 


Dennis Novia, MD, John F. Viljoen, MD, Shahbudin H. Rahimtoola, MB, FRCP, 
and P. Anthony N. Chandraratna, MD 


The ability of a new continuous-wave Doppler 
esophageal probe to measure cardiac output non- 
invasively during surgery under general anesthesia 
was tested and compared with simultaneously mea- 
sured thermodilution cardiac output. A Doppler 
computer, calibrated for the aortic diameter and 
the transcutaneously measured cardiac output from 
the suprasternal notch, computed the Doppler car- 
diac output from the descending aortic blood flow 
velocity signal. A total of 246 paired Doppler cardi- 
ac output and thermodilution cardiac output mea- 
surements were made in 14 patients during 
surgery. 

The average thermodilution cardiac output was 
5.90 + 3.27 (standard deviation) liters/min (range 
1.20 to 19.18); the average Doppler cardiac output 
was 6.21 + 4.0 liters/min (range 2.30 to 28.20). 
The difference between the cardiac output mea- 
sured by the 2 techniques was 1.38 + 2.2 liters/ 
min (range 0.04 to 16.8). Two to 5 cardiac output 
measurements were averaged and arranged into 
“time periods.” The average standard deviations 
for thermodilution and Doppler cardiac outputs 
within each time period were 0.64 and 0.47 liters/ 
min, respectively. There was a correlation between 
the 2 measurements over a range of cardiac output 
values (r = 0.76, Doppler cardiac output = 0.93 
X thermodilution cardiac output + 0.7, standard 
error of the estimate = 1.76). Reproducible mea- 
surements of Doppler cardiac output were obtained 
during intraobserver (mean difference 0.64 + 0.52 
liter/min) and interobserver (mean difference 0.41 
+ 0.36 liter/min) studies (n = 8). 

Cardiac output measurement by the Doppler 
esophageal probe could be used for hemodynamic 
monitoring during surgery in selected patients with 
cardiopulmonary disease. 

(Am J Cardiol 1989;64:793-798) 
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in human patients using a continuous-wave Dopp- 

ler technique in which the ascending aortic 
Doppler flow signal is measured with a transducer posi- 
tioned in the suprasternal notch, and the aortic velocity 
and cardiac output are calculated by a Doppler comput- 
er.'3 Cardiac output measurements by this method are 
comparable with those made by the thermodilution 
technique and are reproducible. Although this meth- 
od makes rapid and frequent measurements of cardiac 
output feasible, it is constrained in its ability to provide 
continuous on-line measurements of cardiac output in 
hemodynamically unstable patients because the trans- 
ducer has to be hand-held in the suprasternal notch. A 
Doppler transducer positioned in the esophagus to de- 
tect descending aortic flow can potentially offer ease of 
use and stability during cardiac output measurements in 
anesthetized, comatose or sedated patients.‘ 

Peri- and intraoperative monitoring of hemodynam- 
ics is advocated in patients with significant cardiopul- 
monary disease who are at risk for myocardial infarc- 
tion or heart failure. While balloon-flotation pul- 
monary artery catheters are currently used for this pur- 
pose, noninvasive methods for monitoring hemodynam- 
ics during anesthesia can be valuable. We examined the 
ability of a new Doppler esophageal probe to measure 
cardiac output in patients undergoing surgery under 
general anesthesia and compared the measurements 
with those made simultaneously by the thermodilution 
technique. 


Cini output can be determined noninvasively 


METHODS 

The study population consisted of patients admitted 
to the Los Angeles County-University of Southern Cali- 
fornia Medical Center or the Kenneth J. Norris Cancer 
Hospital for elective surgery under general anesthesia. 
All patients had known or suspected cardiopulmonary 
disease, and were expected to have invasive hemody- 
namic monitoring during surgery by way of a balloon- 
flotation pulmonary artery catheter and arterial cannu- 
la. Among the patients not included in the study were 
those undergoing head and neck surgery, because of the 
lack of access to the nose, mouth and suprasternal 
notch, and those undergoing surgery in positions other 
than supine or semilateral, because it is not feasible to 
obtain optimal suprasternal Doppler signals in the later- 
al or prone positions. Those patients with significant 
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aortic valve disease (stenosis or regurgitation) on clini- 
cal examination also were not included in the study. 
Twenty patients who were scheduled for surgery the 
next day agreed to participate in the study and gave 
written informed consent. The study could not be per- 
formed or completed in 6 patients due to inability to 
obtain an adequate M-mode echocardiogram to accu- 
rately measure aortic root diameter (2 patients), atrial 
fibrillation (1), inability to obtain an adequate esopha- 
geal Doppler signal (1), instrument failure (1) and mal- 
function of a balloon-tipped pulmonary artery catheter 
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FIGURE 2. Doppler probe positioned in the esophagus. It 
interrogates descending aortic flow at a 45° angle. 
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(1). The data from the remaining 14 patients form the 
basis of this study. 

Theoretical considerations: We used the following 
equations to determine the cardiac output from the de- 
scending aortic Doppler flow signal. Flow is calculated 
from the product of the cross-sectional area (CSA) and 
the mean velocity of flow (V). 


Flow = CSA X V (1) 


The flow in the ascending aorta (CSA, X Va) is 
related to flow in the descending aorta (CSAp X Vp) 
by a constant, K. 


CSA; X Va = K X CSAp X Vp (2) 


Substituting the expression K X CSAp in equation 
(2) with a new constant K’, the equation can now be 
expressed as: 


K’ = K X CSAp = CSAa X Va/Vb (3) 


The value of K’ can be computed from directly mea- 
sured values of CSA,, Va and Vp and the Doppler car- 
diac output (DCO) can be expressed (based on equation 
[1]) as: 

DCO = K’ X Vp (4) 


This assumes that the relation between the ascend- 
ing and descending aortic flows is linear over a range of 
cardiac outputs. It does not assume that flows in as- 
cending and descending aorta are equal. Similar calcu- 
lations have been described by Freund.6 

Measurement of aortic root diameter: On the day 
before surgery, images of the ascending aorta were ob- 
tained in the parasternal long-axis view using a Diason- 
ics CV-100 or Irex Meridian echocardiograph. The M- 
mode cursor was positioned perpendicular to the long 
axis of the aorta at a level just above the sinuses of 
Valsalva, and an M-mode image of the ascending aorta 
was recorded. The internal aortic diameter, that is, the 
distance between the trailing edge of the anterior aortic 
wall echo and the leading edge of the posterior aortic 
wall echo, was measured during systole in 5 consecutive 
beats. An average of the 5 measurements was entered 
into the Doppler computer for the calculation of cardiac 
output. The validity of echocardiographically measured 
ascending aortic root diameter compared with direct 
measurement during surgery has been described by 
Mark et al.” 

The esophageal probe: The esophageal Doppler 
probe is a modified esophageal stethoscope consisting of 
a 24Fr polyvinyl tube with a 6-mm split-disk continu- 
ous-wave Doppler transducer in its tip (Figure 1). The 
transducer is mounted within the tip of the stethoscope 
such that, when positioned in the esophagus adjacent to 
the aorta, it interrogates the descending aortic flow 
away from the transducer at an angle of 45° (Figure 2). 
The transducer is connected by a coaxial wire to a 
Doppler computer (UltraCOM, Lawrence Medical Sys- 
tems, Inc.). 


The modified Doppler cardiac output computer: 
_ This Doppler cardiac output computer has been de- 
scribed earlier,> and validated in this laboratory!? for 
the noninvasive measurement of cardiac output from 
the suprasternal ascending aortic flow signal. An addi- 
tional Doppler connector for the esophageal probe was 
placed on the front panel of the Doppler computer. The 
software of the Doppler computer was modified to ana- 
-lyze the information obtained by the esophageal probe 
and to determine the blood flow velocity in the descend- 
‘ing aorta. 
|. Thermodilution cardiac output: A balloon-tipped 
< pulmonary artery catheter was inserted in all patients 
. before induction of anesthesia. Thermodilution cardiac 
` Outputs were measured using a cardiac output computer 
< (American Edwards Laboratories, model 9520 A). Two 
determinations were made in quick succession with 
‘mi injections of 5% dextrose solution and the values 


| were averaged. Those determinations during which ven- 
tricular ectopic beats occurred were excluded and re- 


peat thermodilution cardiac output determinations were 


made. In each patient, all injections were made by the 


same investigator. The injections were uniformly made 
-at end-expiration. 

- Study protocol: After induction of anesthesia and 
endotracheal intubation, patient’s name, date, aortic di- 
ameter, body surface area (or height and weight) and 
number of beats to be averaged were entered into the 
Doppler computer. Twelve consecutive beats were mea- 
sured for calculation of aortic flow velocity and Doppler 
cardiac output throughout the study. The esophageal 
probe was then lubricated and inserted through the nose 
-or mouth. Insertion through the mouth occasionally re- 

. quired the use of a laryngoscope blade. 

The distance from the tip of the esophageal probe to 
-.the incisor teeth or the nasal orifice could be measured 
_ with the aid of 5-cm markings on the esophageal probe. 
» An audible Doppler signal was heard over a 1- to 5-cm 

_ length of the esophagus—referred to as an esophageal 
Doppler “window.” In some patients, after the signal 
from the initial “window” had become inaudible with 
progressive insertion, a second Doppler signal or “win- 
dow” could be identified. The intensity of the Doppler 
signal varied, often markedly, with rotation of the 
probe. For the purpose of this study, a position with the 
maximal Doppler signal was chosen for cardiac output 
measurements. The maximal audio signal was identified 
by its loudness and clarity, a rapid upstroke and decline, 
and minimal diastolic flow. Positioning also was aided 
by maximizing the signal level indicated on the Doppler 
computer screen. The position of this maximal signal 
was noted, and the probe was secured on the face with 
tape. Once a steady signal level was obtained across the 
screen, the computer was switched to receive input from 
the suprasternal probe. The method for obtaining as- 
-cending aortic signal from the suprasternal probe and 
the determination of transcutaneous cardiac output has 
been described elsewhere.! Once an adequate ascending 
-aortic signal was obtained and the transcutaneous cardi- 


ac output measurement appeared on the screen, the _ 
computer was switched back to receive the descending — 
aortic flow signal from the esophageal probe. At this 
time, the Doppler computer determined the constant K” 
based on the last transcutaneous cardiac output and the 
first descending aortic velocity measurement (see equa- 
tion [3]), and began providing a measurement of the _ 
Doppler cardiac output on the screen every 15 seconds. 
This process of setting up for the measurement of cardi- 
ac output took approximately 10 minutes. The cardiac _ 
output, along with the heart rate, stroke volume, signal 
level and derived indexes of systolic function, were 
printed on paper when desired by the operator. A print- _ 
out for the Doppler-derived cardiac output was obtained _ 
from the Doppler computer during each thermodilution 
cardiac output injection. All measurements were repeat- 
ed periodically at intervals of 5 to 15 minutes. Addition- 
al measurements were performed if a noticeable change 
was seen in the continuous display of the cardiac outp 
on the Doppler computer screen. ease 
Intra- and interobserver reproducibility studies: 
The reproducibility of the Doppler cardiac output dete: 
mination was tested in 8 hemodynamically stable 
tients who were comparable with the study popula 
The procedure for obtaining the Doppler cardiac outpu 
was identical to that described earlier. A printout of the 
cardiac output and signal level was obtained from the 
Doppler computer, and then the esophageal probe was 
withdrawn to the pharynx. It was reinserted by a second 
investigator, unaware of previous readings or insertion. 
depth. The values obtained by the second investigator - 
for cardiac output and signal level were recorded. Five 
minutes later, the probe was reinserted by the first in- 
vestigator and the parameters were measured again. 
The first and second determinations were used to com- 
pare interobserver reproducibility, and the first and — 
third determinations to compare intraobserver repro- 
ducibility. Reproducibility studies were performed at 
least 30 minutes after induction of anesthesia and while 
the patients were hemodynamically stable to reduce to a 
minimum the spontaneous changes in cardiac output 
capable of influencing the reproducibility data. zi 
Data analysis: Simultaneously determined paired _ 


values for thermodilution and Doppler cardiac outputs ` ae 


were grouped into time periods. Each time period was- 
<4 minutes and included the average of 2 to 5 paired 
cardiac output values. The reliability of inter- and 
intraobserver reproducibility studies was measured by 
calculating a “reliability coefficient” as described by 
Winer.’ Perfect reliability by this method corresponds 
with a coefficient value of 1. 


RESULTS 

The average age of the 14 patients was 61 years 
(range 29 to 87). Ten were men. All patients had under- 
lying cardiopulmonary disease and underwent pro- 
longed surgical procedures under general anesthesia, in- z 
cluding urologic surgery (7 patients), partial pneumo- —__ 
nectomy (2), coronary artery bypass (2) and other — 
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abdominal surgery (3). The aortic diameter was 30 + 
4.5 mm (mean + standard deviation) (range 20 to 36). 
Measurement of cardiac output using the Doppler 
- esophageal probe was carried out for a mean period of 
57 minutes (range 17 to 85). The total duration of sur- 
gery ranged from 185 to 495 minutes. Patients undergo- 
ing open heart surgery were studied only during the pe- 
riod before the initiation of cardiopulmonary bypass. 
A total of 246 paired cardiac output measurements 
-were made in the 14 patients. For an individual patient, 
the number of determinations ranged from 11 to 28 
(mean + standard deviation 17 + 6). These observa- 
tions were grouped into a total of 84 time periods. The 
number of observations within a time period ranged 
- from 2 to 5 (mean 3). The number of time periods was 
_ 5 in 6 patients and 7, 8 and 9 in 1 patient each. 
Simultaneously determined thermodilution and 
Doppler cardiac outputs in individual patients, arranged 
into time periods, are shown in Figure 3. The cardiac 
output values by the 2 methods were close and often 
overlapped. In those instances when the 2 measure- 
ments were not close to each other, they showed a trend 


o for change in the same direction. Exceptions to this ob- 


-servation were seen in the first and third time periods in 
patient 3, the first and fifth time periods in patient 8 
and in patient 14. In patient 3, the thermodilution cardi- 
ac output was much higher than the Doppler cardiac 
output in both instances, whereas in patient 8 the Dopp- 
ler cardiac output was higher in both instances. Al- 
‘though we do not have a clear explanation for this dis- 
crepancy between Doppler cardiac output and thermo- 


dilution. cardiac output measurements, it is noteworthy a 
that both patients (3 and 8) had cardiac outputs >10 


liters/min. Patient 3 had a very high cardiac output due 
to an arteriovenous fistula and had presented with high- 
output congestive heart failure. Both thermodilution 
cardiac output and Doppler cardiac output showed a 
parallel decline in this patient after the fistula was 
clamped. Patient 8 had a high cardiac output due to 
hydralazine-induced hypotension during surgery. Dur- 
ing the fifth time period, the Doppler cardiac output in 
this patient was 28.2 + 0.8 liters/min (mean of 3 obser- 
vations) and the thermodilution cardiac output was 11.4 
+ 1.8 liters/min. The Doppler cardiac output measure- 
ment was likely to be inaccurate. Statistical analysis 
was performed first for the whole group and then with 
these 2 patients excluded. 

The average thermodilution cardiac output for 246 
measurements was 5.9 + 3.27 liters/min (mean + stan- 
dard deviation). The average Doppler cardiac output 
measurement was 6.21 + 4.0 liters/min. The averages 
of the standard deviations for the thermodilution and 
Doppler cardiac output measurements within each time 
period were 0.64 and 0.47 liter/min, respectively. The 
low standard deviation within time periods reflects a 
narrow spread of values around the mean cardiac out- 
put value for a time period. 

The pooled data from the 14 patients for the ther- 
modilution and Doppler cardiac outputs arranged into 
84 time periods are shown in Figure 4. The correlation 
coefficient for the 2 determinations was 0.76, and the 
standard error of the estimate was 1.76 liters/min. The 
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period represents an average of 2 to 5 determinations temporally close to each other. The solid line represents thermodihition 





— mean difference between the 2 methods was 1.38 + 2.2 
-liters/min (range 0.04 to 16.8). When the individual 


: - cardiac output measurements (as opposed to time peri- 
ods) were similarly plotted, the correlation coefficient 
| was 0.75 (n = 246, standard error of the estimate = 


_ 2.69 liters/min, Doppler cardiac output = 0.91 X ther- 
modilution cardiac output + 0.81). Statistical analysis 
of the data was repeated for cardiac output values <10 
liters/min (boxed area in Figure 5). This was done by 
excluding all values from patients 3 and 8, the only 2 
patients with cardiac outputs >10 liters/min. For the 
remaining 74 time periods, the correlation coefficient 
was 0.71 and the regression equation was: Doppler car- 
diac output = 0.85 X thermodilution cardiac output + 
- 0.92, standard error of the estimate = 1.26 liters/min, p 
<0.001 (Figure 5). 

_ During the intra- and interobserver reproducibility 
studies in 8 patients, the mean difference between 2 
measurements made by the same observer was 0.41 + 
0.36 (standard deviation) liter/min with a reliability co- 
efficient of 0.96 (p = 0.19), and that between measure- 
ments by 2 observers was 0.64 + 0.52 liter/min with a 
reliability coefficient of 0.98 (p = 0.13). 

Esophageal Doppler “window”: In all patients, the 
initial Doppler signal was obtained at a mean insertion 
depth of the esophageal probe of 29.6 + 3.2 cm. The 
length of this initial Doppler “window” varied from 2 to 
5 cm (average 3.5). In 5 patients, a second “window” 
was identified at a mean insertion depth of 36.2 + 2.1 
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cm. The mean length of this window was 2 cm (range 
to 3). As discussed earlier, the strength of the Doppler _ 
signal varied considerably with rotation at a given 
depth, and the cardiac outputs were determined only in 
the position in which the signal was maximal. ee 
Limitations: In general, the esophageal probe was 
easy to insert, and the Doppler computer operation was 
simple and aided by instructions on the screen. Limita- 
tions of this method included (1) exclusion criteria; the : 
reasons for exclusion of 6 patients (30%) who agreed to 
participate in the study are listed in the methods sec- _ 
tion; (2) in 1 patient, frequent repositioning of the probe 
was required to maintain an optimal Doppler signal; (3) 
use of electric cautery during surgery interfered with 
functioning of the Doppler computer and resulted in e 
ther an interruption of the Doppler signal level on the 
screen or, rarely, a blank-out of the screen that lasted 5 
to 10 seconds. The brevity of this interruption did not 
interfere with data collection except in the early part of 
surgery when the electric cautery was used frequenti; 
and (4) repositioning of the patient or tilting of the op- 
eration table necessitated minor repositioning of th 
esophageal probe. 


DISCUSSION : 
Several investigators have measured aortic flow by 
Doppler techniques in experimental animals and human 
patients. Studies by Fisher,’ Diagle!® and their co-work: 
ers have shown close correlation between Doppler aorti 
flow measurements and other methods of measuring 
aortic flow and cardiac output, namely, roller pump — 
right-sided heart bypass and implanted electromagnetic 
flow cuffs around the descending aorta. cae 
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FIGURE 5. Correlation between Doppler cardiac output and 
3 and 8 exchided (those outside the boxed area + 1 additional 
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ie , that have used Doppler aortic flow 


-velocity measurements to determine cardiac output in- 
de those by Histand,!! Fourcade* and their co-work- 
ers, who compared Doppler measurements with thermo- 
< dilution cardiac output and found good correlation. Two 
“recent reports by Freund® and Mark et al’ describe car- 
diac output measurements from the Doppler descending 
“aortic velocity signal using equipment identical to that 
-described by us. Freund,° comparing the Doppler meth- 
od with thermodilution, found a correlation coefficient 
- of 0.67 and noted that, with increasing experience, the 
correlation improved. 
"The study by Mark et al’ showed a good correlation 
between the 2 methods, but the data from the Doppler 
method was adjusted for “calibration errors.” The accu- 
racy of esophageal Doppler cardiac output measure- 
ments is linked to the accuracy of the transcutaneous 
_ suprasternal cardiac output measurement made during 
the calibration period at the beginning of the study. 
Theoretically, any calibration error will have a propor- 
tional effect on the esophageal Doppler cardiac output 
- measurement over a wide range of values, and trends in 
cardiac output will still be provided reliably. This phe- 
“nomenon is demonstrated in the study by Mark et al.’ 
In our study, such calibration errors that may lead to 
< parallel differences in cardiac output measurements 
“were only rarely seen. 
-c The Doppler cardiac output measurements in this 
study were validated with simultaneous thermodilution 
cardiac output measurements. The thermodilution tech- 
-nique is the most commonly used method for measuring 
-cardiac output, is fairly reproducible in hemodynami- 
cally stable patients and has, itself, been validated by 
- the dye dilution method.!2-4 
Our study provides additional information on the 
feasibility of measuring cardiac output using the de- 
‘scending aortic Doppler velocity signal. The technique 


requires further study for its usefulness in different 
clinical circumstances. A ee 
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Importance of Early Recurrent Ischemia on One-Year Survival 
After Non-Q-Wave Acute Myocardial Infarction 


William E. Boden, MD, Robert S. Gibson, mp, Robert E. Kleiger, MD, Kenneth B. Schechtman, PhD, 
_ Robert J. Capone, MD, David J. Schwartz, MD, Robert Roberts, MD, 
and the Diltiazem Reinfarction Study Research Group 


Su" studies have emphasized the prognostic im- 

tw portance of early postinfarction myocardial isch- 
emia—defined as angina with transient ST-T wave 
changes =24 hours after an acute myocardial infarction 
` (AMT)—on short-term outcome in patients with non-Q- 
wave AMI.!-5 Risk stratification after AMI is generally 
based an the early clinical features associated with infarc- 
< tion and on the delineation of high-risk predischarge vari- 

ables.°* Thus, the importance of clarifying the prognostic 
significance of early postinfarction angina on late out- 
come after non-Q-wave AMI is apparent. 

Previously, we reported that spontaneous postinfarc- 
tion angina associated with ischemic ST-T wave changes 
was anespecially severe form of early recurrent ischemia 
_ that frequently presaged infarct extension and death 
within 14 days of non-Q-wave AMI.’ Overall, patients 
with early recurrent ischemia exhibited a 4-fold increased 
incidence of MB-creatine kinase-confirmed reinfarction, 
and a 10-fold increased incidence of death within 2 
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IGI REA. One-year outcome variables for 115 non-Q-wave AMI (NQMI) patients who exhibited postinfarction 
ischemic electrocardiographic (ECG) changes (open bars) compared to 461 patients without 


with transient. 


weeks, compared to patients without it.’ In the present _ 
study, we used the extensive database created for the - 
Diltiazem Reinfarction Study for 2 purposes. The first — 


was to determine if post-AMI angina complicating non- 


Q-wave AMI before hospital discharge was associated 
with a worse late prognosis (ie., higher reinfarction and 
mortality at 1 year) in those patients surviving until hos 
pital discharge. The second was to assess whether sponta- 
neous angina associated with transient ischemic electro- 
cardiographic changes during the early recovery phase 
non-Q-wave AMI was as predictive of adverse long-ter 
outcome as it was of poor short-term outcome during ; 
hospitalization. 

This was a retrospective analysis of 544 Diltiazer 
Reinfarction Study patients, all of whom underwent 
variety of clinical, laboratory and electrocardiograph 
evaluations during hospitalization for acute non-Q-wav 
AMI, as previously detailed.’* All patients had seri, 
blood samples (every 12 hours for up to 14 days) fo 
plasma total creatine kinase and MB-creatine kinas 
activity, which were assayed in a core laboratory t 
quantitate enzymatic reinfarction. By trial design, 2 
dimensional echocardiography, radionuclide ventric 


ulography and coronary angiography were not obtained : 
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FIGURE 2. Kaplan-Meier survivorship curves plotting cumulative mortality from hospital discharge 
with no postinfarction angina (PIA) before hospital (HOSP) discharge (dashed 
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: line) and PIA before hospital discharge (solid line). Patients with reinfarction between hospital discharge and 1 year of follow-up 
were censored from this analysis. Thus, this life table analysis details percent survival without reinfarction versus days of follow- 


up after non-Q-wave myocardial infarction (NQMI). 


systematically on all study patients. Blinded therapy 

“with diltiazem or placebo concluded 14 days after ran- 
-domization, and subsequent therapy was individualized 
at the discretion of the attending physician. 

"All discharged patients underwent uniform follow- 
up for selected outcome variables at 1 year after the 
index non-Q-wave AMI by telephone questionnaire with 
patients, referring physicians, family or friends. Com- 
plete follow-up data were achieved in 515 patients, or 
95% of the initial data set. 

To determine whether postinfarction angina before 
hospital discharge predicted both adverse short- and 
long-term outcome, we examined prospectively several 

- outcome variables before hospital discharge and during 
a 1-year follow-up of those patients who survived hospi- 
talization. These variables included early (<14 days) 
reinfarction, postinfarction angina, early recurrent isch- 
emia (defined as postinfarction angina associated with 
new transient ischemic electrocardiographic changes), 
late reinfarction (between hospital discharge and l 
year), 1-year mortality, need for myocardial revascular- 
ization (coronary artery bypass graft surgery or coro- 
nary angioplasty), readmissions for chest pain or a com- 

bination of any ischemic cardiac event. 

Of the original study population of 576 patients, 32 
were excluded because a retrospective examination of 
-serial electrocardiograms revealed the presence of new, 
acute Q waves. Of the remaining 544 non-Q-wave AMI 
patients, 330 (57%) exhibited no angina after AMI, 
whereas 246 (43%) exhibited 21 episode of spontaneous 
_ postinfarction angina after the index non-Q-wave AMI. 


oP its with postinfarction angina were further dichot- 


omized on the basis of the presence (n = 115) or the 
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absence (n = 131) of associated ischemic ST-T wave 
changes.’ 

Figure 1 summarizes late outcome in the subgroup of 
115 patients who exhibited postinfarction angina with 
ischemic electrocardiographic changes, compared to the 
461 patients without postinfarction angina and ischemic 
electrocardiographic changes. The non-Q-wave AMI pa- 
tients with early recurrent ischemia who survived until 
hospital discharge had significantly higher rates of 1- 
year mortality (20 vs 9%; p <0.0001), late reinfarction 
(27 vs 18%; p = 0.023), need for myocardial revascular- 
ization (25 vs 13%; p <0.0001) and any ischemic cardiac 
event (33 vs 16%; p <0.0001). 

Figure 2 is a Kaplan-Meier survivorship curve of 1- 
year mortality for the 2 subgroups of non-Q-wave AMI 
patients with and without early recurrent ischemia. For 
the purpose of this analysis, patients with early in-hospi- 
tal death or reinfarction were censored, and percent sur- 
vival between hospital discharge and 1 year was plotted 
for the 2 groups. There was a highly significant 1-year 
cardiac event rate in the subgroup of non-Q-wave AMI 
patients who exhibited early recurrent ischemia before 
hospital discharge. 

The results of this study show that spontaneous isch- 
emia after non-Q-wave AMI was not only a predictor of 
adverse in-hospital mortality and reinfarction, but was 


also associated with a poor long-term (1-year) prognosis 


in those patients who survive to hospital discharge. 


These findings emphasize the importance of early re- : 


current ischemia as a harbinger of poor short- 
term outcome after non-Q-wave AMI. W 
studies have demonstrated the uniformly poc 
in patients with early postinfarction angina,’ 








sent findings document an incremental, 2-fold higher 

| event rate at 1 year in those patients with early recurrent 
ischemia who survived hospital discharge after non-Q- 
wave AMI. While this was not, strictly speaking, a “natu- 
ral history” study (diagnosis and therapy was individual- 
ized for each patient after discharge), these observations 
nonetheless provide useful clinical information regarding 

the. Jate risk associated with early recurrent ischemia 
after non-Q-wave AMI. Indeed, non-Q-wave AMI pa- 
tients probably constitute the highest risk subset of post- 
infarction patients. In them, predischarge coronary angi- 

-ography and myocardial revascularization would appear 
te be strongly indicated. 
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Ambulatory Electrocardiographic Findings in Out-of-Hospital Cardiac 
Arrest Secondary to Coronary Artery Disease ae 


Sergio J. Dubner, MD, Sergio Pinski, MD, Susana Palma, MD, Benjamin Elencwaig, MD, 
and Jorge E. Tronge, MD 


» udden death is a frequent cause of mortality world- 
wide, affecting people with either known or unknown 
heart disease. Coronary artery disease is its most common 
etiology.! The causal mechanisms of sudden death have 
become better understood with the study of animal mod- 
els? and patients resuscitated from cardiac arrest.34 Pa- 
tients in whom an electrocardiographic recording is avail- 
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FIGURE 1. Patient 8: sudden death 
caused by asystole in a patient with 
“angina at rest and ST-segment 
depression. 





able at the time of death offer valuable information, but 
are scarce.>!® We present data from 8 patients wit! 
coronary artery disease in whom out-of-hospital cardiac. 
arrest was documented by ambulatory electrocardio- 
graphic recording. re 
Since 1978, 17,000 recordings of ambulatory electro- 
cardiograms were performed in our department. During. 
this period 9 episodes of out-of-hospital cardiac arrest 
were recorded. 8 of these patients with coronary artery 
disease (all men, aged 59 + 7 years, mean + standard 








Patient 4: A, the beginning 
setting of a prolonged QTc interval 
while receiving high dose prenilamine 
(100 mg 3 times daily). 


the short-long-short sequence (arrow), 
B, onset of torsades de pointes in the 


FIGURE 3. 
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FIGURE 4. Patient 3: top 3 strips 
show episodes of nonsustained ventric- 
ular tachycardia initiated by ventricular 
premature complexes with either short 
(280 to 320 ms) or long (620 to 800 

_ ms) coupling intervals. Bottom strip 
shows a similar ventricular tachycardia 
o that turned polymorphic and then 
quickly degenerated into ventricular 
fibrillation. 


deviation) are discussed here (Figures 1 through 9). We 
excluded from analysis a previously reported young 
woman without heart disease.'* The diagnosis of coro- 
nary artery disease was made on the basis of a typical 
history of angina, evidence of myocardial infarction or 
coronary angiographic findings. In 1 patient there was a 
spontaneous reversion of ventricular fibrillation (VF). 
The other 7 patients fulfilled criteria for sudden death: 
an unexpected, nontraumatic, non-self-inflicted fatality, 
with or without preexisting disease, with death occurring 
within 1 hour of the onset of the terminal event °? Holter 
monitoring was performed using a DelMar Avionics 
model 445 (2 channel) recorder. The tapes were ana- 
lyzed on Avionics 660 and 9900 scanners. 

Patient data are summarized in Table I. One patient 
died in asystole. The remaining 7 died in VF, which was 
preceded by sustained monomorphic ventricular tachy- 
cardia (VT) in 3, nonsustained monomorphic VT in 1, 
polymorphic VT in 2 and typical torsades de pointes in 1 
` patient. These tachycardias were triggered by an early 
ventricular premature beat in 3, by early couplets in 2 
and by late ventricular premature beats in 2 patients. 

Malignant ventricular arrhythmias can be considered 
as being caused by a trigger acting on vulnerable myocar- 
dium.” This vulnerability is composed, in variable pro- 
portions, by a relatively fixed anatomic substrate (the 
scarring that can harbor the circuits responsible for 
chronic recurrent VT) or by transient and potentially 
reversible “predisposing” factors. Among these are myo- 
cardial ischemia, autonomic nervous system activation 
and proarrhythmic drug effects. Surely there are several 
other factors not yet known. The arrhythmogenic poten- 
tial of myocardial ischemia varies according to whether it 
is produced by a sudden and severe restriction of coronary 
~ blood flow (coronary thrombosis or spasm) or whether it 
arises from an augmented oxygen demand that cannot be 
paced. Ischemia and reperfusion can depolarize fibers, 
producing abnormal automaticity and inhomogeneity of 
conduction and refractoriness, leading to reentry.) The 
isphemic myocardium may also generate potent reflex- 
es. 

_ The autonomic nervous system contributes to modu- 
latio of the myocardium’s electrophysiologic state on a 
y-minute basis. Therein lies its vulnerability, in 


mediating the output of higher integrative centers.” Ney- 
ertheless, it is very difficult to guess from the electrocar- 
diogram the level of the system’s activation. Sinus rate is. 
the only clue. 
The proarrhythmic effects of some drugs are now well __ 


known.”4 They are obvious when the arrhythmic event — 


appears soon after the start of drug therapy; however, 
they may be delayed until some other variable changes. 
(e.g., the patient develops ischemia or electrolyte imbal- 

ance). a 
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FIGURE 5. Patient 6: polymorphic ventricular tachycardia 
followed by ventricular fibrillation during an episode of 
ST-segment elevation. The morphology of the salvo of 3 


ventricular premature beats that initiated the tachy- 
cardia is similar to previous ectopic beats. 
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FIGURE 6. Patient 7: while the patient 
experienced angina after climbing stairs, 
a late ventricular premature beat initiated 
a sustained monomorphic ventricular 
tachycardia, which spontaneously reverted 
to sinus rhythm. A new early ventricular 
premature beat initiated a similar tachy- 
cardia (arrow) that became faster and de- 
generated into ventricular fibrillation. 



















FIGURE 7. Patient 1: an early ventric- 
ular premature beat (the first in the 
entire recording) initiated a mono- 
morphic ventricular tachycardia (cycle 
length of 270 ms), which degenerated 
inte ventricular fibrillation after 

11 minutes. 












FIGURE 8. Patient 2: a couplet with R- 
on-T phenomenon initiated a ventricu- 
lar tachycardia rapidly degenerating 
into ventricular fibrillation. It turned 
into sustained ventricular tachycardia 





20 seconds later and lasted 10 minutes 
before degenerating to the final 
ventricular fibrillation. 
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Disease 


TABLE I Clinical Characteristics and Holter Monitoring Findings During Cardiac Arrest in Eight Male Patients with Coronary Heart 





Previous Cardiac 
History 


2 


Cardioactive Drugs 
(time from start 
in weeks) 


Ventricular 
Arrhythmias 
on Holter 


ST 
Changes 


Preceding Final 


Symptoms Arrhythmias Arrhythmia 





AMI-A, CABG, An 
AMI-A, CHF, NSVT 
Cres AP, Palpit 

St AP, Dizziness 
Cres AP 





0 

D, Fu, K, Amio (2) 
0 

Pren (2) 

At, Nif (4) 


0 
vec, C 
VPC, C, NSVT 
vec, TdP 
vec 


(0) 
0 
0 
0 
Syncope 


AMI-A, NSVT Amio (4) VPC 
AMI-A, CABG, SVT Flec (32) VPC 
Cres AP 9 


ON HO Whe 


A = anterior; AMI = acute myocardial infarction; Amio = amiodarone; An = aneurysmmectomy; AP = angina pectoris; Asys = asystoie; At = atenolol: © = couplets; CABG = coronary 
artery bypass grafting; CHF = congestive heart failure; Cres = crescendo; D = digoxin: EPS = electrophysiologic study; EST = exercise stress test; Flec = flecainide: Fu = furosemide: | 
= inferior; K = oral potassium; Nif = nifedipine; NSVT = nonsustained ventricular tachycardia; Palpit = palpitations: Pren = prenilamine; PVT = polymorphic ventricular tachycardia; 


0 
Effort AP 
Rest AP 





SB = sinus bradycardia; SR = spontaneous reversion; St = stable; SVT = sustained ventricular tachycardia; TdP = torsade de pointes; VF = ventricular fibrillation: VPC = ventricular 


premature complexes. 





We speculate that triggering events are necessary but 
not sufficient to precipitate the arrhythmia. Sometimes 
arrhythmias were triggered by R-on-T phenomenon, but 
many times they occurred in the same patient without 
generating repetitive activity. Our findings regarding the 
predisposing factors of lethal arrhythmias are even more 
interesting: in only 3 patients can we ascribe them to a 
clear dominant factor. In patients 8 and 5 it was acute 
ischemia. Patient 8, the oldest, was the only 1 who died in 
asystole. The ischemic event precipitating death was 
probably an inferior wall acute myocardial infarction, in 
which bradyarrhythmias are common. Patient 5 had 
polymorphic VT and self-limited VF in the setting of an 
acute inferior wall myocardial infarction. There are few 
reports of spontaneous recovery from VF.!85 In this pa- 
tient it is tempting to link the reversion to loss of the 
critical mass of myocardium needed to sustain the ar- 
rhythmia as the infarction occurred.”6 

Patient 4 represents a typical case of a proarrhythmic 
effect due to prenilamine. Although this drug lengthens 
the QT interval and can produce torsades de pointes, it 
was used as an antianginal drug some years ago. 

In 3 of the remaining patients, 2 or more factors 
` seemed to interact. Patient 3 was treated with amioda- 

rone. Although he obviously had the anatomic substrate 
capable of producing sustained VT, a proarrhythmic ef- 
fect of amiodarone cannot be ruled out, because the ar- 
-thythmia had not occurred before drug administration. 
Patients 6 and 7 both had scarred myocardium and were 
treated with amiodarone and flecainide, respectively.?’ 
Flecainide seemed to protect the patient from malignant 
arrhythmias during the electrophysiologic evaluation. In 
both patients the final arrhythmia was precipitated dur- 


= ing an acute ischemic event; the change of the electro- 


physiologic milieu could have promoted proarrhythmic 
effects.?8 

In patients 1 and 2 we could not find a clear predispos- 

Ing factor. In patient 1, the first premature ventricular 

beat on the recording initiated the VT. Patient 2 had the 

couplets all the time, and although nothing appar- 

ad changed (there was neither an increasing num- 

sctopic beats nor ST or heart rate changes) they 

lated VT and then VF. ke ae 
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These recordings leave us with many questions. They . 
do not answer why a ventricular premature beat, some- i 
times repeated hundreds of times during the day, some- 
times initiates a VT, or why a VT changes from nonsus-- 
tained to sustained VT or VF. We do not believe that 
these final arrhythmias are true random events. We agree 


with others that there are transient factors capable of _ 


diminishing the fibrillatory threshold at a given moment 
and they require further research.”9 a T 
Prevention of sudden death will only be possible witha 
better understanding of its various mechanisms. From 
our data and others??3° some recommendations, applica- 
ble to patients with known heart disease, can be made. 
Myocardial ischemia, especially when symptoms are _ 
changing, must be intensively treated. High risk patients - 














FIGURE 9. Patient 2: top and middle tracings were taken 30 
and 15 minutes before the onset of ventricular tachycardia 
(bottom). Similar couplets of premature ventricular complexes 


did not trigger repetitive activity. Heart rate during sinus 


rhythm was also similar. 
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(those with previous myocardial infarction and spontane- 

‘ous VT) may benefit from antiarrhythmic therapy, in- 
“cluding drugs, surgery or automatic implantable cardio- 
verter defibrillators. In these patients proarrhythmic 
effects should be avoided. Although a similar arrhyth- 
mia—VF—ultimately causes the patient’s death, its 
mechanisms seem to vary greatly. 
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Evaluation of a Microprocessor-Controlled Sphygmomanometer for 
Recording Blood Pressure During Exercise 


Sadamasa Ogasawara, MD, S. Ben Freedman, MB, PhD, Jai Ram, MB, and David T. Kelly, MB 


easurement of blood pressure (BP) in the exer- 
cise laboratory is performed routinely by ausculta- 
‘tion during sphygmomanometry,' but is often difficult 
because of noise and artifacts produced by patient mo- 
tion. Automated sphygmomanometers have been devel- 
oped to overcome some of the difficulties of BP measure- 
ment during exercise, but still have limitations.*3 A novel 
approach has been the application of differential sensors 
and a microprocessor to eliminate noise (PARAMED). 
Such devices are claimed to produce an accurate estimate 
of intraarterial BP‘ and could potentially replace intraar- 
terial recording in hemodynamic assessments. A previous 
comparative study with this device* used standard regres- 
-sion analysis or correlation to show agreement between 
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automated and direct intraarterial recordings. This may 
have been inappropriate, because high correlation coeffi- 
cients do not exclude poor agreement. We evaluated the 
PARAMED device against direct intraarterial record- 
ings during exercise in patients with effort angina. 

We studied 6 men, mean age 56 years (range 41 to 63) 
with angiographically documented coronary artery dis- 
ease. One had a past history of systemic hypertension, 
and with B-blocker treatment, was normotensive at rest. 
All had stable effort angina, and a positive exercise 
electrocardiogram while taking metoprolol (100 to 200 
mg/day). Patients exercised on a semiupright (45°) bicy- . 
cle ergometer with an initial workload of 30 watts. This < 
was increased by 20 watts every 4 minutes until patients . 
stopped because of chest pain, fatigue or dyspnea. A - 
second exercise test was performed 2 hours later in 5: 
patients, 4 after receiving oral nisoldipine, 10 mg, and1 
after diltiazem, 60 mg. The mean maximal workload 
over the 11 tests was 54 watts, and the mean maxima 
heart rate was 115 beats/min. 





TABLE I Comparison of Blood Pressure Measurements with PARAMED and Intraarterial Recordings 


SBP 
(n= 191) 


166 + 23 
173 4 25 
0,93 
<0.001 
—~7.6* 


‘PARAMED BP (mm Hg) 
c| Direct BP (mm Hg) 
“Correlation coefficient 
P value 
Mean difference 
(PARAMED — direct, mm Hg) 
Range of differences 
(PARAMED — direct, mm Hg) 
95% confidence limits 
for the difference (mm Hg) 


All + values are mean. standard deviation. 
* p <.0.01 for paired comparisons of PARAMED and Direct BP. 


—31 to +19 


£17 


—15 to +29 


+12 


Mean BP 
(n = 191) 


11743 
122 + 16 
0.89 
<0.001 
=5.1* 


126 + 34 
129 + 38 
0.98 
<0.001 
—3.6* 


—22 to +20 ~31 to +29 


+13 +16 


BP = blood pressure; D = diastolic; Direct BP = intraarterial radial artery BP; PARAMED BP = automated sphygmomanometer BP; S = systolic. 


proved by this institution’s ethics review committee and 
all patients gave written informed consent. 
A short 21-gauge cannula was inserted percutane- 
| ously into the right radial artery, and connected by short, 
_. stiff wide-bore tubing to a transducer mounted on the 
_wrist. The tubing was flushed before each BP reading. 
Continuous recordings of phasic and mean arterial pres- 
sure were made using an Electronics for Medicine VR 12 
recorder with electronic damping. The resonant frequen- 
cy in the system was 28 Hz and the damping coefficient 
was 0.26. The automated microprocessor-controlled dif- 
ferential auscultatory sphygmomanometer (PARA- 
MED, model 9300) was placed on the left upper arm 
using a standard adult cuff. Simultaneous automated 
cuff and intraarterial BP recordings were obtained at 1- 


SYSTOLIC BLOOD PRESSURE 


INTRA-ARTERIAL BLOOD PRESSURE 
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minute intervals at rest and during exercise and recovery. 
A linear cuff inflation rate of 6 mm Hg/s was used, 
total of 191 BP recordings were obtained. 

Inverse regression (the standard instrument re- 
gressed on the instrument to be calibrated) was used as 
suggested by Brown. Agreement was expressed as the 
95% confidence limits for the difference between intr 
terial pressure and PARAMED measurements (+ 
X standard error of estimate of inverse regression). Indi- 
vidual paired data points were compared using a paire 
test, with a p value <0.05 considered significant. _ 

The results are summarized in Table I and Figure 1. 
Automated cuff measurements showed a good correla- 
tion with intraarterial recordings for systolic, diastolic, 
mean and total BP (total BP = combined systolic, dia- 
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` TABLE I Comparison of Automated Cuff and Direct 
‘Measurement for Systolic Blood Pressure in the Two Patients 
With and the Four Patients Without Systolic Hypertension 
-During Exercise 






Hypertension 










Without 
(n= 131) 


With 
(n = 60) 


183 + 25 















{L PARAMED BP (mm Hg) 158 + 17 





























Direct BP 195 + 27 163 + 16 
Correlation 0.93 0.88 
coefficient 
P value <0.001 <0.001 
“Mean difference ~12.3* —5.4* 
(PARAMED — direct, mm Hg) 
Range of differences ~31 to +16 ~25to +19 
(PARAMED — direct, mm Hg) 
95% confidence + 20 +15 


o imits (mm Hg) 


All + values are mean + standard deviation. 
*:p <0.01 for paired comparisons of PARAMED and Direct BP. Abbreviations as in 
Table t. 





stolic and mean BP, r = 0.98, p <0.001). Automated cuff 
“measurements were significantly lower than intraarteri- 
al recordings for systolic BP (mean difference —7.6 mm 
Hg, p <0.01) and mean BP (mean difference —5.1 mm 
Hg, p <0.01). Automated diastolic BP measurements 
were slightly higher than intraarterial recordings, but 
this was not significant. Of 191 automated cuff measure- 
ments, 108 (56%) systolic BP recordings and 171 (90%) 
diastolic BP readings were within 10 mm Hg of the 
intraarterial measurement. The 95% confidence limits 
for the difference between the 2 measurements were clos- 
er for diastolic and mean BP (+ 12 and + 13 mm Hg, 
_ respectively) than for systolic BP (+ 17 mm Hg). The 
: -95% confidence limits for total BP were + 16 mm Hg. 
Two patients (1 with a past history of hypertension) 
had a peak systolic BP >220 mm Hg during exercise. 
Because direct systolic BP measurements in peripheral 
arteries may be spuriously augmented by increased pe- 
ripheral resistance,’ the comparisons for systolic BP 
were carried out separately for the 2 patients with and 
the 4 patients without systolic hypertension during exer- 
cise (Table II). There was a greater difference between 
-automated cuff and direct BP readings in the patients 
with systolic hypertension during exercise, and there 
were wider 95% confidence limits of the difference. 
Sphygmomanometry with auscultation is the usual 
method of assessing BP in the exercise laboratory.! How- 
ever, comparisons with simultaneous direct intraarterial 
recordings show differences, partly due to problems with 
accurate registration of Korotkoff sounds when there is 
_ background noise, as well as the usual concerns with 
rapid cuff deflation and terminal digit bias.®° Instru- 
_ ments using differential sensor technology may potential- 
y overcome many of these problems, and theoretically 
- should reduce disagreement between direct and indirect 
_measurements.* We compared the PARAMED device 
_ with intraarterial measurement. The correlations were 
_ high, but agreement was less than ideal. For example, 















































there was a higher correlation coefficient for systolic than. 


_ diastolic BP, but the range of differences between mea- 
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surements using the 2 methods was wider for systolic BP, 
with more readings differing by >10 mm Hg, and wider 
95% confidence limits. This disparity confirms that stan- 
dard correlation analysis is inappropriate to assess agree- 
ment between 2 techniques measuring the same vari- 
able.) High correlation coefficients do not exclude poor 
agreement for an individual automated systolic BP mea- 
surement, which could vary by as much as + 17 mm Hg 
from the intraarterial BP. 

Some of the difference between the automated sphyg- 
momanometer and direct intraarterial measurements 
may be due to the site and methodology of the intraarteri- 
al measurements. These problems have often been ig- 
nored in previous comparisons, as reviewed by Bruner et 
al.” As the pulse wave travels from the heart to the wrist, 
the systolic BP is augmented, probably by summation of 
incident and reflected waves.'° This factor probably ac- 
counts for the systematically higher intraarterial BP 
measurements in our study, while the diastolic BP 
showed no systematic difference. These differences in 
systolic BP would be augmented by increases in peripher- 
al resistance, and may account for the greater difference 
in systolic BP seen in the 2 patients with a hypertensive 
exercise response. 

A second potential problem stems from the use of 
fluid-filled systems for direct intraarterial recordings. 
These systems have an inherently poor high frequency 
response with a low resonant frequency producing over- 
shoot of systolic BP. This was minimized by strapping the 
transducer to the wrist and using a short, stiff wide-bore 
connector, taking care to eliminate tiny bubbles. The 
measured resonant frequency and damping coefficient of 
this system indicates that this was not a significant prob- 
lem. . 

Automated sphygmomanometry using differential 
sensors is adequate to measure and follow BP during 
routine exercise testing and could replace auscultation. 
Confidence intervals for individual measurements, how- 
ever, are too wide to allow it to substitute for direct 
intraarterial measurement of systolic or mean BP when | 
accurate estimates of these are required for hemodynam- 
ic studies. 
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‘Detection of Diastolic Atrioventricular Valvular Regurgitation 
_ by “M-Mode” Color Doppler Echocardiography 


Veronica A. Covalesky, MD, John Ross, Jr., 
and Gary S. Mintz, MD 


De mitral regurgitation (MR) is a phenome- 
non that has been evaluated by a large variety of 
techniques. It is thought to result from abnormal mitral 
valve closure.' It was initially studied by hemodynamic 
methods in the animal laboratory and in the angiography 
suite. Eventually it was observed in the echocardiography 
laboratory. The original observations were made in dogs 
with surgically produced atrioventricular block and then 
in humaa patients with prolonged PR intervals. This pro- 
longation of the PR interval causes a delay in the se- 
quence of atrial and ventricular contraction resulting in 
ar incomplete closure of the mitral valve, which may be 
followed by diastolic MR. We describe the ability of M- 
mode color Doppler to enhance understanding of mitral 
valve dynamics and diastolic MR. 

Eighi patients who underwent a comprehensive echo- 
cardiographic study as part of a routine in-hospital car- 
diovascular evaluation (Table I) comprise the study 
population. Studies were performed using an Aloka 860 
unit and standard transthoracic windows, and were re- 
viewed by 2 senior echocardiographers. Figures 1 and 2 
Hlustrate diastolic MR. 

Several invasive and noninvasive techniques have 
been used to study the dynamics of mitral valve closure 
and detect diastolic MR. Thermodilution techniques and 
left ventricular angiography'~> were the initial invasive 
methods that demonstrated the occurrence of diastolic 
MR in hamans. Nonsimultaneous transmitral flow mea- 

_ surements performed in open-chest dogs were then com- 
pared with M-mode tracings of the mitral valve.° As 
echocardiography improved and Doppler technology be- 
came available, these techniques were also applied to the 
study of mitral valve flow and closure.’ 

In our laboratory, nonsimultaneous M-mode and 
Doppler studies were performed in 20 patients with vary- 
ing degrees of conduction delays and used to evaluate 
mitral vaive flow. The longer the PR interval in patients 
with first-degree heart block, the more likely was diastolic 
MR. All patients with second- and third-degree heart 
black had diastolic MR. It is also well known that diastol- 
‘ic left ventricular dysfunction or acute aortic insufficien- 
cy can increase left ventricular end-diastolic pressure 
higher than left atrial diastolic pressure, and can cause 
reversal of flow, premature closure of the mitral valve and 

diastolic MR. In both of these pathophysiologic pro- 
cesses, diastolic MR is probably of little hemodynamic 

consequence. 
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TABLE I Patient Characteristics 


Age (yrs), 


Pt Sex PR interval Rhythm Cardiac Disease 


SH, LVH, AR 
AVR, AR, IE 
Trauma 
Trauma 


72,F 
29,M 
55, F 
56, F 
35, F 
24, F 
68, M 0.26 
60, M 0.36 : 
AR = aortic regurgitation; AVR = aortic valve replacement: IE = infective endocardi. J 


tis: LVH = left ventricular hypertrophy; RBBB = right bundle branch block: SH = 
systemic hypertension. 


0.17 
Variable 
0.12 
0.30 
0.08 
0.21 


Sinus 

Paced 

Sinus 

Sinus, RBBB 
Sinus. 

Sinus 

Sinus 

Sinus 


OANA PWD 














The advent of M-mode color Doppler technology al- 


lows simultaneous assessment of mitral valve flow and 


motion in a noninvasive fashion. By using the capability 
for simultaneously displaying derived M-mode and color: 
Doppler flow, we obtained a dramatic illustration of dia- 

stolic MR. Color M-mode can provide a more precise 
understanding of the timing of transvalvular flow in rela- < 
tion to valve closure under a variety of conditions. It is 
applicable in a large number of pathologic states. Lastly, 


it offers a better understanding of the relation of valve 


structure and function in other disease states. This is best 
seen in Figure 2. 


FIGURE 1. Apical, 4-chamber, color Doppler image (patient 1, 
Table 1) demonstrating calcified mitral anulus and mitral : 
leaflet (MVL) and the mitral regurgitation jet. Note the 

timing of the regurgitant jet is in diastole as shown by 
electrocardiogram (arrow). LA = left atrium; LV = left 
ventricle; RA = right atrium; RV = right ventricle. — 
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BRIEF REPORTS 


COLOR M/MODE 


FIGURE 2. Color Doppler M-mode echocardiogram from patient no. 2 demonstrates diastolic mitral regurgitation (MR). The 
transducer is at the cardiac apex. Time is on the x axis. Distance along the M-mode echocardiographic beam (from the apex of 
the left ventricle at the top; through the mitral valve to the left atrium at the bottom) is on the y axis. Blood flow direction and 
velocity at each point (or depth) along the M-mode echocardiographic axis are shown in colors: flow toward the apex is in 
shades of red/orange up to an aliasing velocity of 0.39 m/s faster than when it aliases into blue; flow away from the apex is 
shown in shades of blue up to an aliasing velocity of 0.39 m/s faster than when it aliases into red/orange. The M-mode echocar- 
diogram of mitral valve motion is in the middle in white. Direction and velocity of blood flow are analyzed for each point in time 
(compared to the electrocardiogram and mitral valve echogram) and each point in space along the M-mode axis. 1 = left ventric- 
ular ejection. Blood flows from the apex to the base of the heart away from the transducer. Low velocity flow (nearest the apex) 
is in blue; higher velocity flow is nearest the outflow tract, exceeds 0.39 m/s, aliases and is in shades of red/orange. 2 = isovolu- 
mic relaxation. There is low velocity (red/orange) flow within the left ventricular cavity toward the apex and the transducer, 
starting at the peak of the T wave and ending with mitral valve opening. 3, 4 = left ventricular filling. Flow is toward the trans- 
ducer. With the mitral valve open, left ventricular filling begins in the pulmonary veins, flows through the left atrium (3) as low 
velocity (red/orange) flow, accelerates through the mitral valve (4) as higher velocity (aliased blue flow), and then disperses with- 
in the ventricular cavity as lower velocity (red/orange) flow. 5 = diastolic MR. During this cycle, the P wave falls on the end of 
the T wave with a PR interval of 0.5 s. There is diastolic MR that begins with mitral valve closure, is displayed as low velocity 
(blue) flow away from the transducer and the left ventricle (5a), and then across the mitral valve into the left atrium (5b). Dia- 
stolic MR is typically low velocity without aliasing. MR continues into systole. Systolic MR has higher velocity components with 
some aliasing. 6, 7, 8 = events described in 1, 2 and 3 that are repeated. However, the PR interval is normal (0.20 s), and, after 
mitral valve closure in mid-diastole, there is minimal diastolic MR presumably because the PR interval is normal. 9 = atrial 
contribution to left ventricular filling. As with early diastolic filling, flow is toward the ventricular apex and the transducer. 

The normal PR interval allows atrial contribution to left ventricular filling; this is displayed as low velocity (red/orange) flow 
from the left atrium across the mitral valve into the left ventricle. 
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Coronary Artery Disease in 


: _ with Valvular Aortic Stenosis 


“Ronny Chobadi, MD, Mordechai Wurzel, MD, 


and Ide Tamari, MD 


Are pectoris is a common symptom of both aor- 
tic stenosis (AS) and coronary artery disease 
(CAD): Some reports of AS!-3 stress the necessity of 
performing coronary angiography in all patients. Other 
-studies*” showed that absence of angina was considered 
adequately reliable to exclude CAD. Because the report- 
ed prevalence of angina pectoris and CAD in patients 
with AS is controversial, we reviewed our experience in 
146 patients with AS, aged 35 years and older, who were 
studied in our cardiac catheterization laboratory. 
One hundred forty-six patients with isolated AS ex- 
_. amined between 1977 and 1988 were included. Patients 
with a peak systolic aortic valve gradient <20 mm H gor 
> grade I aortic regurgitation (defined as a small 


| amountof contrast material that enters the left ventricle 


in diastole, is essentially cleared with each beat and 
never fills the ventricular chamber) as well as other 
valvular diseases were excluded. 
Typical angina pectoris was defined as chest discom- 
fort lasting up to 15 minutes precipitated by effort, emo- 
tion or exposure to cold, which was relieved by rest or 
nitrates.. Atypical chest pain was defined as chest dis- 
comfort lasting sometimes for hours without a clear 
-relation to effort, frequently occurring at rest and not 
__ relieved by nitrates. Left ventriculography and coronary 


_ arteriography were performed in all patients using the 


-Sones technique. A significant coronary lesion was de- 


| fined as: a >50% reduction in luminal diameter. The 


_ calculation of left ventricular ejection fraction was done 
-inthe right anterior oblique projection. The peak to peak 
gradient across the aortic valve was measured from a left 
ventricle to aorta pullback pressure tracing. Statistical 
analysis ‘was performed using the chi-square test. 

Of the 146 patients there were 88 (60%) men and 58 
_ (40%) women. The prevalence of CAD did not differ 
significantly between sexes. The total frequency of CAD 
was 37%.(54 patients). 

The age of the patients ranged from 38 to 80 years, 

the average age was 61 among men and 66 years among 

women. The frequency of significant CAD increased with 

the age group (p <0.004) (Table 1). 

Half che patients had angina and the rest had atypi- 
cal chest pain or no pain at all. In patients with typical 
angina pectoris, almost half had coronary artery ob- 
|. Structionwhile in patients with atypical chest pain or no 
pain the frequency of CAD was significantly lower (p 
` <0.01) (Table II). 
>c The patients were divided into 3 groups according to 
_the gradient across the aortic valve: 20 to 30, 51 to 100 
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TABLE I Presence of Coronary Artery Disease in Different : 
Age Groups 


Presence = 
of CAD (A) 


CAD = coronary artery disease. 





Angina pectoris 
Nonspecific chest pain 
No pain 





CAD = coronary artery disease. 








TABLE Ill Chest Pain Relative to Aortic Pressure Gradient. > 


Anginal 
Syndrome (%} 


20 (57) 


46 (59) 
13 (39) 





Nonspecific 
Chest Pain (%) 


9 (26) 
13 (17) 
6 (18) 


No Pain (%) 


6 (17) 
19 (24) 
14 (42) 











TABLE IV Comparison Between Aortic Pressure Gradient 
and the Presence of Coronary Artery Disease 


No. of Narrowed 
Coronary Arteries 


>1(%). 
Beyi 
30 (38) 20 (25) 10 (13) 


4(12) 3 (9) 143) 
p <0.0006 p<0.0002. ` 


CAD = coronary artery disease. 


and >100 mm Hg, which were considered mild, moder- 

ate and severe AS, respectively. The correlation between 
chest pain and aortic gradient was not Statistically sig- 
nificant. However, there was a lower frequency of angi- 


1 (%) 
7 (20) 


Gradient CAD (%) 


20 (57) 





nal syndrome in the patients with severe AS (Table MD 


When comparing the presence of CAD to the Severity 
of aortic stenosis, we observed a reverse relation {p 
<0.0006) (Table IV). Moreover, the correlation between 


aortic gradient and the number of obstructed coronary — a 
arteries showed that in patients with mild AS the preva- 


lence of multivessel CAD was higher than l-vessel CAD. — 
The opposite was found in patients with moderate and 


severe AS (p <0.0002) (Table IV). In 20 patients in 





whom aortic gradient was >110 mm Hg, no CAD was 
found. 

- In our group of 146 patients with valvular AS, 54% 
(79 patients) had angina pectoris, and 48% of these 79 
patients had CAD. Similar results have been reported: 
angina pectoris was found in 40 to 70% of patients, of 
whom 20 to 60% had CAD.°* Therefore, in patients with 
AS and angina, a coronary angiogram should be per- 
formed before aortic valve operation. There is uncertain- 
ty whether coronary angiography should be performed in 
patients with AS without chest pain.24-79-!2 Our results, 
revealing a 25% prevalence of CAD in patients without 
chest pain, support the necessity of performing coronary 
arteriography in all patients with AS older than 40 under- 
-going operations. Our study also shows the reverse rela- 
tion between aortic pressure gradient and frequency of 
CAD. In the groups with higher aortic pressure gradients 
a smaller number of patients had significant CAD (p 
<0.0006). In those with a small gradient the frequency of 
CAD was significantly higher. Moreover, almost all the 
patients with severe AS had 1-vessel CAD, while in pa- 
tients with lower aortic valve gradient the frequency of 
multivessel CAD was signficantly higher (p <0.002). 

Similar findings were reported in 1975 for a smaller 
number of patients.'°-!! The reverse relation between aor- 
tic pressure gradient and frequency of CAD was particu- 
larly emphasized in our study—which revealed absence 
of CAD in all the patients in whom aortic pressure gradi- 
ent was >110 mm Hg. Comparison between chest pain 
and aortic valve pressure gradient did not show signifi- 


cant correlation but there was a tendency toward a de- 
creased frequency of angina in the patients with higher 
pressure gradients, which could be caused by the lower 
frequency of CAD in these patients. 
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Localization of a “‘Postreceptor’’ Defect in Human Dilated 


Cardiomyopathy 


Michael Bohm, MD, Peter Gierschik, MD, Karl H. Jakobs, MD, Petra Schnabel, MS, 


Bernhard Kemkes, MD, and Erland Erdmann, MD 


I: the human failing heart, subsensitivity to 8-adreno- 
ceptor agonists and phosphodiesterase inhibitors oc- 
curs.'2 Besides a down-regulation of 8 adrenoceptors, a 
second “postreceptor” defect has been suggested. There 
are 3 possibilities for postreceptor defects: a decrease in 
the stimulatory guanine-nucleotide-binding regulatory 
protein (G,), an increase in the inhibitory guanine-nucle- 
otide-binding regulatory protein (Gj) or a decrease in the 
catalytic subunit of the cardiac adenylate cyclase. 
Recent reports have suggested the localization of 
these defects. Karliner and Scheinman? suggested a de- 
fect of G,, since in myocardial biopsies from patients with 
varying degrees of heart failure, the guanine nucleotide- 
stimulated adenylate cyclase activity was depressed. 
However, an increase of a 40 kDa pertussis toxin sub- 
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strate (presumably identical with Gj) in explanted failing 
hearts has also been reported. In patients with heart 
failure, Erne et al’ observed diminished effects of isopro- 
terenol on contraction velocity, but an unchanged re- 
sponse to forskolin. They° argued that postreceptor de- 
fects might not occur in the human failing heart. These 
conclusions were noted by Reithmann and Werdan,® who 
also reported a diminished cyclic adenosine monophos- 
phate formation by forskolin in cultured rat heart cells. 
treated with norepinephrine. They® argued, however, that — 
a postreceptor defect might be involved. 

Because these data are contradictory, we studied Gi 
and G, with pertussis toxin- and cholera toxin-induced 
adenosine diphosphate ribosylation in 5 severely failing i 
human hearts with dilated cardiomyopathy from pa- 
tients undergoing cardiac transplantation. Two nonfail- ` 
ing donor hearts served as controls. To determine if the 
catalytic subunit was involved, we studied the effects of 
forskolin on adenylate cyclase and force of contraction. — 
Inorder to study only effects on lytic subunit, we 
measured the effects of forskolin in a washed membrat 





G PROTEINS IN THE HUMAN HEART 
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"FIGURE 1. Pertussis toxinainduced incorporation of phosphorus-32-adenosine 
tein (G)) in failing (F) and (NF) myocardium. 
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ADENYLATE CYCLASE ACTIVITY 
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preparation without guanine nucleotides. The effects of 


isoprenaline were investigated for comparison. Adeny- 
- Jate cyclase activity was determined with a protein bind- 
-ing assay. Isometric force of contraction was measured 
as described elsewhere? at 37°C. The stimulation rate 
was 1 Hz. Myocardial samples were delivered from the 
- operating. room to the laboratory within 10 minutes. 
- Failing and nonfailing myocardium was processed in the 
same way and the biochemical and functional experi- 
ments were performed in the same tissue. Myocardial 
membranes were separated by 10% SDS Page gel elec- 
trophoresis. The nonrelated bands of the SDS-Page gels 
and the number of 3H-ouabain binding sites were similar 
in failing and nonfailing myocardium—indicating that 
the yield of myocardial membranes was not different. 


-= Choleratoxin- and pertussis toxin-induced adenosine di- 


_ phosphate ribosylation was performed with phosphorus- 
32 NAD at pH 7.4. For quantitation of G;, the bands of 


40 kDa were cut out and Cerenkov radiation was mea- 


-= sured in a scintillation counter. 
Figure 1 shows autoradiograms from nonfailing and 
failing hearts of pertussis toxin-labeled G; at 40 kDa and 
cholera toxin-labeled G; at 45 kDa. Gs was not detecta- 
bly altered, whereas the labeling of G; at 40 kDa was 
-more pronounced in the failing than in the 2 nonfailing 
hearts. Forskolin probe for the catalytic subunit in- 
` creased both force of contraction and adenylate cyclase 
activity, in failing and nonfailing myocardium similarly 
(Figure 2). In contrast, the effects of isoprenaline on 
adenylate cyclase activity and force of contraction were 

markedly reduced. 

Although the number of nonfailing hearts is limited, 
‘we conclude from these data that the postreceptor defects 
in the failing human heart are identified by an increase in 
Gi G; and the catalytic subunit are not altered. This 
agrees with the earlier reported unchanged effects of 
forskolin on adenylate cyclase activity* and force of con- 
traction in isolated cardiac preparations, and the similar 
effects on contraction velocity in patients with or without 
heart failure.5 However, the data by Erne et al? and our 


current findings do not contradict a postreceptor defect — 
since alterations beyond receptor stimulation but. proxi- 
mal to the catalytic subunit might occur. This defect is 
clearly located at G; but not G,. Since guanine nucleo- 
tides activate not only G, but also G;, the diminished 
guanine-nucleotide-stimulated adenylate cyclase? can 
easily be explained by augmented G;-mediated inhibition 
in failing myocardium. 

The same explanation holds true for the reduced cy- 
clic adenosine monophosphate formation in noradrena- 
line-treated intact cells. This reduction of forskolin-stim- 
ulated cyclic adenosine monophosphate formation could 
also be due to augmented G;-mediated inhibition facili- 
tated by endogenous guanosine triphosphate. Moreover, 
alterations in noradrenaline-treated cultured cells from 
hearts of neonatal rats might be considerably different 
from the failing human heart. The unchanged effects of 
forskolin on force of contraction in intact preparations 
can easily be explained by the great effectiveness of for- 
skolin in enhancing cyclic adenosine monophosphate for- 
mation. Hence, the increased levels of G; can reduce- 
cyclic adenosine monophosphate formation only toa level 
where force of contraction is already maximally activat- 
ed. 
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S Nephrotoxicity of Nonionic Contrast Media After Cardiac 


Angiography 


Charles P. Taliercio, MD, Scott H. McCallister, MD, 
“Duane M. Ilstrup, MS, and Ronald E. Vlietstra, MD 


AQ cute renal dysfunction after radiographic inves- 

"A tigations with conventional radiocontrast media is a 
common cause of acute renal failure.!? Recently, new 
radiocontrast agents with altered physical properties in- 
cluding lower osmolarity and nonionicity have been ap- 
proved and are being increasingly used. The purpose of 
our investigation was to define the prevalence and associ- 
ated risks for contrast nephropathy after cardiac angiog- 
raphy with iohexol (an agent with low osmolarity and 
> Bonionicity) in a large group of patients at high risk for 
radiocontrast renal injury. 

Cardiac catheterization records from May 1986 
through December 1987 were retrospectivel ly reviewed to 
identify all patients who met the following criteria: (1) 
cardiac angiography performed with iohexol, 755 mg/ml 
(Omnipaque 350); (2) patients not on dialysis but with 
preexisting renal insufficiency (defined as baseline se- 
-crum creatinine 22.0 mg/dl measured within 4 days be- 
fore angiography); and (3) at least 1 follow-up serum 
creatinine 24 to 72 hours after angiography. The selec- 
tion of iohexol was at the discretion of the responsible 
angiographer and not according to randomized protocol. 
Patient hydration status was individually maximized at 
the discretion of attending physicians. 

Extensive demographic and clinical data were re- 
-corded in all study candidates. Contrast nephropathy 
was defined as a = 1.0 mg/dl maximal increase in follow- 
< upserum creatinine compared to baseline. Demographic, 
clinical and angiographic data were analyzed to define 
-any relation to contrast nephropathy. A univariate asso- 
ciation was identified by Fisher’s exact test Sor discrete 
_ variables and either the 2-sample t test or rank sum test 
when appropriate for continuous variables. A p value 

30:05 was considered statistically significant in analyz- 
_ Ing the association of the clinical variables to contrast 
: nephropathy. 

During the study period, 63 patients with a serum 
| creatinine 22.0 mg/dl underwent cardiac angiography 
_ with iohexol. In 3 patients, a follow-up serum creatinine 
- within 3 days of cardiac angiography was not obtained: 

they were excluded from further analysis. Mean age in 
| the study population of 60 patients was 68 years (range 
29 to 94). The median baseline serum creatinine was 2.5 
| mgjdl (range 2.0 to 9.4). 
Contrast nephropathy (increase in serum creatinine 
_ 21.9 mg/dl over baseline) occurred in 9 (15%) of 60 
| patients (Table I). Nineteen of 60 patients (32%) had an 
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TABLE I Profile of Patients Developing Contrast 
Nephropathy 


Peak 
Creatinine 
(mg/dl) 


Baseline 
Creatinine 
(mg/dl) 


Dosage 
lohexol 


Oliguria Dialysis 


OOnNA ON HRWrHe 
O+r+ 00000 + 
+O+ 000004 








+ = present; 0 = absent. 





increase in serum creatinine 20.5 mg/dl. There was no 
difference in the baseline serum creatinine in those pa- 
tients developing contrast nephropathy (median baseline - 
creatinine 2.3 mg/dl) compared to the overall group (me- 
dian creatinine 2.5 mg/dl). Patients with greater eleva- 
tions in baseline serum creatinine did, on average, receive 
a lower contrast dosage (p = 0.009). 

Of 22 clinical variables analyzed, 2 demonstrated a 
statistically significant association with the occurrence 
of contrast nephropathy: dosage of iohexol administered” 
and patient age. Mean iohexol dosage was 110 ml (range 
40 to 235). Patients developing contrast nephropathy 
received a mean dosage of 148 ml compared to a mean of 
104 ml in those without contrast nephropathy (p = 
0.008). In patients receiving 2125 ml iohexol, 32% (8 of 
25) developed contrast nephropathy compared to only - 
3% (1 of 34) of those receiving <125 ml. In 1 patient 
without contrast nephropathy, dosage was not recorded. 
Median age was 61 years in patients developing contrast 
nephropathy compared to 70 years in those without con- 
trast nephropathy (p = 0.01). Other clinical factors, 
including diabetes mellitus, heart failure or treatment 
with calcium antagonists, did not influence the occur- 
rence of contrast nephropathy in this patient cohort. 

There are 2 major findings of this study. Clinically 
significant contrast nephropathy developed in 15% of 
high-risk patients studied with iohexol at cardiac angiog- 
raphy and contrast nephropathy was Statistically corre- 
lated (p = 0.008) to dosage of iohexol administered. 

A major issue concerning the new contrast agents 
with low osmolarity is their degree of nephrotoxicity. 
Previous studies examining the nephrotoxicity of these — 
agents have not been entirely satisfactory due to the small S 
patient numbers, the predominant inclusion of patientsat 
low risk or the study of parameters of questionable clini- _ 


cal utility.>! A recent randomized study by Schwab et = 
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al? comparing conventional and nonionic media showed 
no substantial difference in relative nephrotoxicity and no 
association of nephropathy and contrast dosage. How- 
ever, Schwab et al? primarily examined patients with 
normal renal function, a population at very low risk for 
clinically significant contrast nephropathy. No patient 
required dialysis after angiography and the investigators 
clearly point out that their conclusions do not apply to 
patients with significant preexisting renal insufficiency.’ 
The relation of dosage of radiocontrast administered 

to contrast nephropathy with conventional agents in high- 
risk patients has been suggested by a previous study.!! 
‘Thus, the demonstration of a higher prevalence of con- 
~ trast nephropathy with larger doses of iohexol is not unex- 
„pected. Of practical importance, however, is the clear 

clinical message derived from our data. In high-risk pa- 


tients receiving 2125 ml of iohexol, there was a preva- 


“lence of contrast nephropathy of 32%, or roughly 1 in 3. 
-This compared to a prevalence of only 3%, or 1 in 30, in 
those receiving <125 ml. These data yield an incentive to 
economize the amount of low osmolar dye administered 
in high-risk patients. 
In the current study, patients with contrast nephropa- 
thy were somewhat younger (median 61 vs 70 years) than 
- those without contrast nephropathy. The significance and 
clinical importance of this finding are uncertain. Older 
age may be a risk factor for contrast nephropathy with 
standard agents.!2 Our data refute older age as an addi- 
tional risk factor with iohexol. 

We were unable to define other risk factors for con- 
trast nephropathy in this patient cohort. The degree of 
preexisting renal insufficiency was not related to the oc- 
currence of contrast nephropathy although patients with 
the highest serum creatinines did receive lower doses of 
iohexol. Severe heart failure and diabetes mellitus en- 
hance the risk of contrast nephropathy with conventional 
agents in patients with renal impairment.!! A relatively 
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small number of patients (21 with diabetes, 8 i 
heart failure) had these abnormalities in the current” 
study. ee ee ee 
A major question not addressed by our study is wheth-- 
er these new agents are less nephrotoxic than convention- 
al agents in high-risk patients. Large trials comparing the 
relative nephrotoxicity of the 2 classes of agents in highs, 
risk patients are currently being performed. 
Insummary, contrast nephropathy occurred in 15% of | 
high-risk patients studied at cardiac angiography with 
iohexol and was related to the dosage of iohexol adminis- — 
tered. Mg 
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New OPTIRAY. (ioversol) is a nonionic contrast medium with a demonstrated safety and 
patient-comfort profile. OPTIRAY offers significant advantages over conventional ionic contrast 
media, as well as a new approach to nonionic contrast media. 


In clinical trials involving over 1,100 patients across a broad range of imaging procedures, the 
incidence of individual drug-related adverse reactions with OPTIRAY was less than 1%.’ 


Overall incidence of drug-related adverse reactions: All studies (n= 1,186)' 


ALLERGIC: Urticaria 0.2% CNS: Headache 
Sneezing 0.3% Blurred vision 
Periorbital edema 0.1% Disorientation 
Pruritus 0.1% Lightheadedness 


CARDIO- Angina 0.29% Vertigo 


VASCULAR: Bradycardia 0.1% Vasovagal reaction 
RESPIRATORY: Coughing 0.1% GASTRO- Nausea 


Nasal congestion 0.3% INTESTINAL: Vomiting 


Hypoxia 0.1% MISCEL- Shaking, chills 
LANEOUS: Bad taste 





Hydrophilicity: A key to low toxicity 
OPTIRAY is more hydrophilic (‘‘water-loving”) and less lipophilic (“lipid-loving”) than iohexol or 


iopamidol.* The more hydrophilic an agent, the less likely it will be to enter cells or cross the 


blood-brain barrier*** 
*Caution must be used to avoid drawing clinical conclusions based solely upon nonclinical data. 


Improved patient comfort 


Clinical studies comparing OPTIRAY with conventional contrast agents have shown significantly 
less heat and discomfort with OPTIRAY.”* 


New nonionic 


OPTIRAY 


lioversol) 


THE PERCENTAGES ARE IN YOUR FAVOR 


Please see final page for brief summary of prescribing information. 
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OPTIRAY 320 provides overall diagnostic quality equivalent to iopamidol-370 or diatrizoate-370 
in coronary arteriography and left ventriculography with 14% less iodine.°° 


It has not been established that low osmolality or nonionic contrast media are less nephrotoxic 
than conventional agents. However, there have been reports that show a direct relationship 
between nephrotoxicity and the dosage of contrast media administered. "'"? The lower concentra- 
tion of OPTIRAY 320 provides a means for reducing the amount of medium administered, while 
still achieving a diagnostic study. 


Favorable hemodynamic and ECG profile 


In comparative studies with diatrizoate-370, OPTIRAY 320 had less effect on key hemodynamic 
and ECG parameters following coronary angiography and left ventriculography.°"°" 


CHANGE IN LVEDP (mm Hg) 


CHANGE IN T-WAVE 
AMPLITUDE (mv) 





LVEDP changes following ^ OPTIRAY 320 Cardiac output changes following 


left ventriculography’ : Aapee aA left ventriculography’ 


*p<0.01 


CHANGE IN CARDIAC 
OUTPUT (L/min) 
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TIME AFTER INJECTION (min) TIME AFTER INJECTION (min) 


* T-wave changes following Q-T interval changes following 
left coronary injection? . left coronary injection” 
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THE PERCENTAGES ARE IN YOUR FAVOR 


Please see final page for brief summary of prescribing information. 








DIAGNOSTIC- 
QUALITY IMAGES 
IN CORONARY 
ANGIOGRAPHY 
STUDIES 
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In clinical studies involving patients undergoing coronary arteriography and left ventriculography, 
OPTIRAY 320 produced diagnostic-quality images in 100% of cases, 94.7% of which were rated 
excellent or good. %0 


Overall radiographic quality: Coronary arteriography with left ventriculography °°" 
Contrast No. of No. of Procedures No. of Procedures 
Medium Patients Good or Excellent Rated Diagnostic 


OPTIRAY 320 180 (94.7%) 190 (100%) 


lopamidol-370 77 (98.7%) 78 (100%) i 
Diatrizoate-370 75 (94.9%) 79 (100%) 


ications for OPTIRAY 
PTIRAY 320 is indicated for a broad range of cardiac imaging procedures, including: 
Coronary arteriography and left IE Aortography, visceral and renal 
ventriculography arteriography 
| Peripheral arteriography E Cerebral arteriography 
OPTIRAY 160 is indicated for intra-arterial digital subtraction angiography (IA-DSA). 





All nonionic iodinated contrast media currently available inhibit blood coagulation, in vitro, less 
than ionic contrast media. Clotting has been reported when blood remains in contact with 
syringes containing nonionic contrast media. Therefore, meticulous intravascular administration 
technique is necessary to minimize thromboembolic events. 


Osmolality and viscosity of nonionic contrast agents 

Contrast Concentration Osmolali Viscosi 

Medium (mg lodine/mL) (mOsm/kg H,0) at 37°C (CPS) 
lopamidol* 370 796 9.4 

Iohexol’ 350 844 10.4 

OPTIRAY 3205 320 702 5.8 

OPTIRAY 240 240 502 3.0 E 
OPTIRAY 160 160 355 1.9 | 





* Marketed by Se Diagnostics under license from Bracco Industria Chimica, S.p.A., Italy. 
tMarketed by Winthrop Pharmaceuticals under license from Nycomed AS, Norway. 
§Marketed by Mallinckrodt Medical, Inc. Developed and manufactured by Mallinckrodt Medical, Inc. in the U.S.A. 
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DESCRIPTION: Each milliliter of OPTIRAY 160 (ioverso! injection 
34%} provides 339 mg of ioversol with 3.6 mg of tromethamine as a buffer 
and 0.2 mg of edetate calcium disodium as a stabilizer. OPTIRAY 160 pro- 
vides 16% (160 mgmL} organically bound iodine. 

Each milliliter of OPTIRAY 240 (ioverso! injection 51%) provides 509 mg 
of ioverso! with 3.6 mg of tromethamine as a buffer and 0.2 mg of edetate 
calcium disodium as a stabilizer. OPTIRAY 240 provides 24% (240 mg/mL} 
organically bound iodine. 

Each milliliter of OPTIRAY 320 (ioversot injection 68%) provides 678 mg 
of ioversol with 3.6 mg of tromethamine as a buffer and 0.2 mg of edetate 
calcium disodium as a stabilizer. OPTIRAY 320 provides 32% (320 mg/mL} 
organically bound iodine. 


CONTRAINDICATIONS: None. 


WARNINGS: Nonionic iodinated contrast media inhibit blood 
coagulation, in vitro, less than ionic contrast media. Clotting has been re- 
ported when blood remains in contact with syringes containing nonionic 
contrast media. 

Serious, rarely fatal, thromboembolic events causing myocardial infarc- 
tion and stroke have been reported during angiographic. procedures with 
both ionic and nonionic contrast media. Therefore, meticulous intra- 
vascular administration technique is necessary, particularly during angio- 
graphic procedures, to minimize thromboembolic events. Numerous 
factors, including length of procedure, catheter and syringe material, un- 
derlying disease state and concomitant medications may contribute to the 
development of thromboembolic events, For these reasons, meticulous 
angiographic techniques are recommended including close attention to 
guidewire and catheter manipulation, use of manifold systems and/or 
three-way stopcocks, frequent catheter flushing with heparinized saline 
solutions and minimizing the length of the procedure. The use of plastic 
syringes in place of glass syringes has been reported to decrease but not 
eliminate the likelihood of in vitro clotting 
Serious or fatal reactions have been associated with the administration of 
iodine-containing radiopaque media. It is of utmost importance to be com- 
pletely prepared to treat any contrast medium reaction. 

As with any contrast medium, serious neurologic sequelae, including 
permanent paralysis. can occur following cerebral arteriography. selective 
spinal arteriography and arteriography of vessels supplying the spinal cord. 
Acause-effect relationship to the contrast medium has not been established 
since the patients’ pre-existing condition and procedural technique are 
causative factors in themseives. The arterial injection of a contrast medium 
should never be made following the administration of vasopressors since 
they strongly potentiate neurologic effects 

Caution must be exercised in patients with severely impaired renal 
function, combined renal and hepatic disease. severe thyrotoxicosis. 
myelomatosis, or anuria, particularly when large doses are administered 

intravascularly administered iodine-containing radiopaque media are 
potentially hazardous in patients with muitipie myeloma or other 
paraproteinemia, particularly in those with therapeutically resistant anuria 
Myeloma occurs most commonly in persons over age 40. Although neither 
the contrast agent nor dehydration has been proved separately to be the 
cause of anuria in myelomatous patients, it has been speculated that the 
combination of both may be causative. The risk in myeiomatous patients is 
not a contraindication to the procedure; however. special precautions, 
including maintenance of normal hydration and close monitoring. are 
required. Partial dehydration in the preparation of these patients prior 
to injection is not recommended since this may predispose the patient to 
precipitation of the myeloma protein. 

Administration of radiopaque materials to patients known or suspected 
of having pheachromocytoma shouid be performed with extreme caution. 
if, in the opinion of the physician. the possible benefits of such procedures 
outweigh the considered risks, the procedures may be performed: 
however, the amount of radiopaque medium injected should be kept to an 
absolute minimum. The blood pressure should be assessed throughout the 
procedure, and measures for treatment of a hypertensive Crisis should 
be available. 

Contrast media may promote sickling in individuals who are homozygous 
for sickle cel! disease when administered intravascularly. 

Reports of thyroid storm following the intravascular use of iodinated 
radiopaque agents in patients with hyperthyroidism or with an auton- 
omously functioning thyroid nodule, suggest that this additional risk be 
evaluated in such patients before use of any contrast medium. 


PRECAUTIONS: General: Diagnostic procedures which involve the 
use-of iodinated intravascular contrast agents should be carried out under 
the direction of personnel skilled and experienced in the particular pro- 
cedure to be performed. A fully equipped emergency cart, or equivalent 
supplies and equipment, and personnel competent in recognizing and treat- 
ing adverse reactions of all types should always be available. Since severe 
delayed reactions have been known to occur. emergency facilities and com- 
petent personnel should be available for at teast 30 to 60 minutes after 
administration. 

Preparatory dehydration is dangerous and may contribute to acute renal 
failure in patients with advanced vascular disease. diabetic patients. and in 
susceptible. non-diabetic patients (often elderly with pre-existing renal 
disease). Patients should be well hydrated prior to and following the 
administration of OPTIRAY. 

The possibility of a reaction, including seriaus, life-threatening, fatal, 
anaphylactoid or cardiovascular reactions, should always be consid- 
ered (See ADVERSE REACTIONS). Increased risk is associated with a his- 
tory of previous reaction toa contrast medium, a known sensitivity to iodine 
and known allergies (i.¢.. bronchial asthma, hay fever and food allergies} or 
ete 

‘he occurrence of severe idiosyncratic reactions has prompted the use of 
several pretesting methods. However, pretesting cannot be relied upon to 
predict severe reactions and may itself be hazardous to the patient. Itis 
suggested that a thorough medical history with emphasis on allergy and 
hypersensitivity, prior to the injection of any coritrast medium. may be more 
accurate than pretesting in predicting potential adverse reactions. A posi- 
tive history of allergies or hypersensitivity does not arbitrarily contrain- 
dicate the use of a contrast agent when a diagnostic procedure is thought 
essential, but caution should be exercised. Premedication with antihis- 
tamines or corticosteroids to avoid or minimize possible alergic reactions 
in such patients should be considered. Reports indicate that such pretreat- 
ment does not prevent serious life-threatening reactions, but may reduce 
both their incidence and severity. 

General anesthesia may be indicated in the performance of some proce- 
dures in selected patients: however, a higher incidence of adverse reactions 
has been reported in these patients. and may be attributable to the inability 
of the patient to identity untoward symptoms or to the hypotensive effect 
of anesthesia which can prolong the circulation time and increase the dura- 
ton of exposure to the contrast agent. 

in angiographic procedures, the possibility of dislodging plaques or 
damaging of perforating the vessel walt should be considered during cathe- 
ter manipulations and contrast medium injection. Test injections to insure 
proper catheter placement are suggested. 

Angiography should be avoided whenever possible in patients with 
homocystinuria because of the risk of inducing thrombosis and embolism. 

Patients with congestive heart failure should be observed for sev- 
erai hours following the procedure to detect delayed hemodynamic 


disturbances which may be associated with a transitory increase in 
the circulating osmotic toad. 

Selective coronary arteriography shouid be performed only in selected 
patients and those in whom the expected benefits outweigh the procedural 
risk. The inherent risks of angiocardiography in patients with chronic pui- 
monary emphysema must be weighed against the necessity for performing 
this procedure 

Extreme caution during injection of a contrast medium is necessary to 
avoid extravasation. This is especially important in patients with severe 
arterial or venous disease 

Drug Interactions: Renal toxicity has been reported in a few patients with 
liver dysfunction who were given oral chalecystographic agents followed by 
intravascular contrast agents. Administration of any intravascular contrast 
agent should therefore be postponed in patients who have recently received 
a cholecystographic contrast agent. 

Other drugs should not be mixed with ioversol injection. 

Drug Laboratory Test interactions: The results of PBI and radioactive 
iodine uptake studies, which depend on iodine estimation, will not accu- 
rately reflect thyroid function for up to 16 days following administration of 
iodinated contrast media. However, thyroid function tesisnot depending on 
iodine estimations, e.g.. T3 resin uptake and total or free thyroxine (74) 
assays are not affected 

Carcinogenesis, Mutagenesis, Impairment of Fertility: No long term 
animal studies have been performed to evaluate carcinogenic potential 
However, animal studies suggest that this drug is not mutagenic and does 
not affect fertility. 

Pregnancy Category B: No teratogenic effects attrbutable to ioverso! 
have been observed in teratology studies performed in animals. There are. 
however. no adequate and well controlled studies in pregnant women. It is 
not known whether ioversot crosses the placental barrier or reaches fetal 
tissues. However, many injectable contrast agents cross the placental bar- 
rier in humans and appear to enter fetal tissue passively. Because animal 
teratology studies are not always predictive of human response. this drug 
should be used during pregnancy only if clearly needed. X-ray procedures 
involve a certain risk related to the exposure of the fetus 

Nursing Mothers: ìt is not known whether ioversol is excreted in human 
milk. However. many injectable contrast agents are excreted unchanged in 
human milk. Although it has not been established that serious adverse reac- 
tions occur in nursing infants, caution should be exercised when 
intravascular contrast media are administered to nursing women because 
of potential adverse reactions. and consideration should be given to tempo- 
rarily discontinuing nursing 

Pediatric Use: Safety and effectiveness in chilcren have not been 
established 


ADVERSE REACTIONS: Adverse reactions following the use 
of OPTIRAY formulations are usually mild to moderate. of short duration 
and resolve spontaneously {without treatment). However. serious. 
lite-threatening and fatal reactions, mostly of cardiovascular origin, have 
been associated with the administration of iodine-containing contrast 
media 

Injections of contrast media are often associated with sensations of 
warmth and pain. in controlled double-blind clinical studies. significantly 
iess warmth and pain were associated with the injection of OPTIRAY than 
with iothalamate megiumine, diatrizoate meglumine. and diatrizoate meg- 
lumine and diatrizoate sodium. 

When OPTIRAY 320 is used for coronary arteriography and ventriculog- 
raphy in double-blind clinical trials, electrocardingraphic and hemodynamic 
changes occur with less frequency and severity with ioversol injection than 
with diatrizoate meglumine and diatrizoate sodium. 

Following coronary artery and teft ventricular injection. electrocardio- 
graphic parameters were affected less wih OPTIRAY {ioversol injection) 
than with diatrizoate meglumine and diatrizoate sodium injection. These 
parameters included the following: bradycardia. tachycardia. T-wave 
amplitude. ST depression and ST elevation. 

OPTIRAY has aiso been shawn to cause fewer changes in cardiac func- 
tion and systemic blood pressure than conventional ionic media. These 
include cardiac output, ‘eft ventricular systolic and end-diastolic pressure. 
right ventricular systolic and pulmonary artery systolic pressures and 
decreases in systolic and diastolic blood pressures. 

The following table of incidence of reactions is based upon clinical trais 
with OPTIRAY formulations in over 1100 patients. This listing includes ail 
adverse reactions which were coincidental to the administration of ioversol 
regardless of their direct attributability to the drug or the procedure 
Adverse reactions are listed by organ system and in decreasing order of 
occurrence. Significantly more severe reactions are listed before others ina 
system regardiess of frequency. 


Adverse Reactions 


> 1% 21% 


System 





Cardiovascular none angina pectoris 
hypotension 
vascular spasm 
bradycardia 
conduction defect 
false aneurysm 
hypertension 
transient arrhythmia 


vascular trauma 


nausea 
vomiting 


cerebral infarct 
headache 
blurred vision 
vertigo 
lightheadedness 
vasovagal reaction 
disorientation 
dysphasia 
paresthesia 
visual hallucination 
laryngeal edema 
nasai congestion 
sneezing 
coughing 
hypoxia 
periorbital edema 
urticaria 
facial edema 
flush 
pruritus 
extravasation 
shaking chills 
bad taste 
general pain 

Regardless of the contrast medium employed. the overall incidence of 
serious adverse reaction is higher with coronary arteriography than with 
other procedures. Cardiac decompensation. serious arrhythmias. myocar- 
dial ischemia or myocardial infarction may occur during coranary 
arteriography and teft ventriculography. 

General Adverse Reactions to Contrast Media 

The following adverse reactions are possible with any parenterally admin- 
istered iodinated contrast medium. Severe life-threatening reactions and 
fatalities. mostly of cardiovascular origin. have occurred. Most deaths 


Digestive none 


Nervous none 


Respiratory none 


Skin 


none 


Miscellaneous 


occur during injection or 5 te 10 minutes later; the main feature being car- 
diac arrest with cardiovascular disease as the main aggravating factor. 1S0- 
lated reports of hypotensive collapse and shock are found in the literature. 
Based upon clinical ferature, reported deaths from the administration of 
conventional iodinated contrast agents range from 6.6 per 1 million 
(0.00066 percent) to 1 in 10.000 patients (0.01 percent). 

The reported incidence of adverse reactions to contrast media in patients 
with a history of allergy is twice that ofthe general population. Patients with 
a history of previous reactions to a contrast medium are three times more 
susceptible than other patients. However, sensitivity to contrast media does 
not appear to increase with repeated examinations 

Adverse reactions to injectable contrast media fali into two categories 
chemotoxic reactions and idiosyncratic reactions 

Chemotoxic reactions result from the physicochemical properties of the 
contrast medium, the dose and the speed of injection. Ail hemodynamic 
disturbances and injuries to organs or vessels perfused by the contrast 
medium are included in this category. 

Idiosyncratic reactions include all other reactions. They occur more tre- 
quently in patients 20 to 40 years old. Idiosyncratic reactions may or may 
not be dependent on the dose injected. the speed of injection, the mode of 
injection and the radiographic procedure. Idiosyncratic reactions are sub- 
divided into minor. intermediate and severe. The minor reactions are 
self-limited and of short duration; the severe reactions are life-threatening 
and treatment is urgent and mandatory. 

in addition to the adverse reactions reported for ioversol. the follow- 
ing additional adverse reactions have been reported with the use of othet 
contrast agents and are possible with any water soluble, iodinated con- 
trast agent 

Nervous: muscular spasm. convulsions, aphasia, syncope, paralysis, 
visual field losses which are usually transient but may be permanent, coma 
and death 

Cardiovascular: angioneurotic edema. peripheral edema, vasodilation. 
thrombosis and rarely thrombophlebitis, disseminated intravascular 
coagulation and shock 

Skin: maculopapular rash, erythema, conjunctival symptoms, ecchyma- 
sis and tissue necrosis 

Respiratory: choking, dyspnea, wheezing which may be an initial man- 
ifestation of more severe and infrequent reactions including asthmatic 
attack, laryngospasm and bronchospasm. pulmonary edema, apnea 
and cyanosis. Rarely these allergic-type reactions can progress into 
anaphylaxis with toss of consciousness, coma. severe cardiovascular 
disturbances and death. 

Miscellaneous: hyperthermia. temporary anuria or other nephropathy. 

Other reactions may also occur with the use of any contrast agent as a 
consequence of the procedural hazard; these inciude hemorrhage or 
pseudoaneurysms at the puncture site, brachial piexus palsy following axil- 
lary artery injections, chest pain, myocardial infarction, and transient 
changes in hepatarenal chemistry tests. Arterial thrombosis, displacement 
of arteria! plaques, venous thrombosis. dissection of the coronary vessels 
and transient sinus arrest are rare complications. 

in cerebral arteriography, cardiovascular reactions that may occur with 
some frequency are bradycardia and either an increase or decrease in 
systemic biood pressure. Neurological reactions that. may occur are: 
seizures, drowsiness. transient paresis. and mild disturbances in vision. 

Central nervous system reactions with OPTIRAY in controlled clinical 
studies in cerebral arteriography that occurred with frequencies greater 
than 1% were: vertigo (4%) and blurred vision (3%). 

in aortography. depending on the technique employed, the risks of this 

procedure aiso include the following: injury to the aorta and neighboring 
organs, pleural puncture. renal damage including infarction and acute tubu- 
jar necrosis with Gliguria and anuria, retroperitoneal hemorrhage from the 
transiumbar approach and spinal cord injury and pathology associated with 
the syndrome of transverse myelitis. Under conditions of slowed aortic 
circulation there is an increased likelihood for aortegraphy to cause muscle 
spasm. Occasional serious neurologic complications. including paraplegia, 
have also been reported in patients with aortoiliac obstruction, femoral 
artery obstruction. abdominal compression. hypotension, hypertension, 
spinal anesthesia, and injection of vasopressors to increase contrast. in 
these patients the concentration. volume. and number of repeat injections 
of the medium should be maintained at a minimum with appropriate 
intervals between injections. The position of the patient and catheter tip 
shouid be carefully monitored 

Entry of a large aortic dose into the renal artery May cause. even m 
the absence of symptoms. albuminuria. hematuria, ang an elevated creat- 

ine and urea nitrogen. Rapid and complete return of function usually 
follows 

Cardiovascular system reactions with OPTIRAY in controlled clinical 
studies in coronary arteriography with left ventriculography that occurred 
with frequencies greater than 1% were: angina (1.2%) and nausea 1.2%} 


PRECAUTIONS FOR SPECIFIC PROCEDURES: 


Cerebral Arteriography 

Extreme caution is advised in patients with advanced arteriosclerosis. 
severe hypertension. cardiac decompensation, senility, recent cerebral 
thrombosis or embolism. and migraine. 


Peripheral Arteniography 

Puisation should be present in the artery to be injected. in thromboan- 
giitis obliterans. or ascending infection associated with severe ischemia. 
angiography should be performed with extreme caution. if at all. 
Coronary Arteriography and Left Ventriculography i 

Mandatory prerequisites to the procedure are specialized personnel, ECG 
monitoring apparatus and adequate facilities for immediate resuscitation 
and cardioversion. Electrocardiograms and vital signs should be routinely 
monitored throughout the procedure 


Venography 

Special care is required when venography is performed in patients with 
suspected thrombosis. phlebitis, severe ischemic disease. local infection 
or a totally obstructed venous system. |n-order to minimize extravasation 
during injection, fluoroscopy is recommended. 


OVERDOSAGE: The adverse effects of overdosage are tife- 
threatening and affect mainly the pulmonary and cardiovascular system. 
Treatment of an overdosage is directed toward the support of alt vital 
functions, and prompt institution of symptomatic therapy. 

loversol does not bind to plasma or serum protein and is therefore, 
dialyzabie. 

The intravenous LDgo values (gl/kg) for ioversol. in animals were 
17 (mice), and 15 (rats) 


DOSAGE AND ADMINISTRATION: Detaiis on dosage 
are provided in the package insert. CONSULT FULL PACKAGE INSERT 


BEFORE USE. 
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| Differential Sensitivity of the RVs:RV5 Voltage Ratio by Pathogenesis _ 
| Of Left Ventricular Hypertrophy and Diagnostic Cutpoint 


David: H. Spodick, MD, DSc, and Hitoshi Koito, MD 


T: ratio of R-wave voltage between leads Vs and 
Vs was shown, in a consecutively measured echocar- 
diographic-Doppler laboratory population, to be linearly 
related to left ventricular mass. The regression equation 
_ was: y = 0,00123x + 0.683 (r = 0.607, p <0.01).! Earlier 
studies showed that a ratio >1.0 (RVs > RVs) was a 
highly specific, although not very sensitive, sign of left 
¿ventricular hypertrophy when applied to electrocardio- 
graphic tracings with QR configurations in these leads.” 
The recent investigation measuring left ventricular mass 
was performed with any QRS configuration. The same 
cutoff ratio, >1.0, performed effectively. Results were as 
_ good or better than 3 sets of voltage criteria in this popu- 
lation with a high disease prevalence.! Moreover, the 
ratio is independent of absolute voltages, which is a poten- 
ial advantage because of voltage decreases associated 
th advanced illness.3 Recently, the RV¢:RV; ratio was 
shown to vary significantly with mass in a large, epidemi- 

_ ologic, community population although, as expected, 


| with lower correlation coefficients (D. Levy, personal 


communication). We therefore analyzed 102 consecu- 
tively studied patients by individual lesions and, because 
ofthe ratio’s significant linear relation to mass, we used 
additional cutpoints <1.0. 
Two-dimensional and M-mode echocardiograms, 
- Doppler and color Doppler flows and 12-lead electrocar- 
diograms were obtained in 102 consecutive patients with 
single left-sided heart lesions who were free of right- 
sided heart and chest wall abnormalities. 
Echocardiographic and Doppler diagnostic criteria 
were applied to all measurements and structural and 


flow abnormalities.4 Left ventricular mass was calculat- 


ed by the Penn convention. Left ventricular mass (g) = 
. 1.04 [(LVID + PWT + VST)? — LVID?| — 13.6, where 

LVID = end-diastolic left ventricular internal dimen- 
sion; PWT = end-diastolic posterior wall thickness; and 

-VST = end-diastolic ventricular septal thickness. Nor- 

` „mal left ventricular mass is $215 g.5 Consecutive pa- 
tients with normal echocardiographic-Doppler findings 
served as control subjects. Lesions associated with in- 
creased left ventricular mass were determined by ventric- 
ular septal and left ventricular free wall thicknesses, by 
their distribution and by echocardiographic-Doppler re- 
`- sults for mitral and aortic valve abnormalities of config- 
uration, movement, size and flow.* 

_ Electrocardiograms were measured for the RV&RV5 
oltage ratio. Control subjects and each subgroup by 
lesion were compared with RV RV; for degree of abnor- 

lity. These included deviations by left ventricular 
on, Saint Vincent Hospital, Worcester, 

and the Department.of Medicine, University 

ical School, Worcester. Manuscript received 

ised manuscript received. June 23, 1989, and ac- 





TABLE ! Left Ventricular Measurements and RVa: RVs 


LVIDd 
(cm) 





VS +LVPW LV Mass 
(cm) (g) 


4714046 18740.24 176439 
5.27 +0.60* 2.53 +0.27* 333493* 
4.88 +0.39 2.7540.35* 329+60* 1.15 + 0.23*| 
6.54 +0.70* 2.01 +0.39 347 +93* 1.27 +0.26*| 
4.58 +0.54 2.97 +0.39* 342+ 112* 0.95+0.12 
5.25 + 0.46* 2.2540.32* 273 +44* 1.00+0.11* 


* p <0.01. — 


AR = aortic regurgitation; AS = aortic stenosis; HC = hypertrophic cardiomyopa- 
thy; IDC = idiopathic dilated cardiomyopathy; LVIDd = left ventricular end-diastolic 
diameter; LVPW = left ventricular posterior wall thickness; MR = mitral regurgitation; 
VS = ventricular septal thickness. 


RVE RVs 


0.88 + 0.11 
1.09 + 0.13* 


Control 














Specificity 
Control < Cutpoint 





Sensitivity 








-Abbreviations as in, Table 1. 





mass, left ventricular diastolic internal diameter and- 
ventricular septal and left ventricular posterior wall 
thicknesses by the t test for unpaired samples. 

Of the 102 patients (49 men and 53 women, ages 22 to 
89), there were 44 control subjects, 11 with aortic regur- 


gitation, 16 with aortic stenosis, 11 with mitral regurgi- - 


tation, 10 with dilated cardiomyopathy and 10 with hy- 
pertrophic cardiomyopathy. eee 


Table I and Figure 1 summarize all measurements : : 2 


and significant differences by lesion versus control. For 


each lesion subgroup, left ventricular mass significantly 


(p <0.01) exceeded control. With the exception of the 
hypertrophic cardiomyopathy group, RV: RV; always — 
significantly (p <0.01) exceeded control, In aortic and — 


mitral regurgitation patients, both left ventricular diam- 


eters and wall thicknesses exceeded control. For aortic 
stenosis and hypertrophic cardiomyopathy subgroups; 
wall thickness, but not left ventricular diameters, ex- 
ceeded control. In contrast, the dilated cardiomyopathy 
subgroup had the largest left ventricular diameter (sig-. 


nificantly exceeding control) but wall thickness was not. 


significantly different. The control group's RVe:RVswas 
0.88. Although significantly different, the mean — 


RV¢:RVs for mitral and aortic regurgitation subgroups _ i 


was only 1.00 and 1.09, respectively, all their other mea- 
surements differed significantly from control. (In all 


other subgroups RVs:RVs was higher, but each had 1 eS 


measurement insignificantly different from control). 
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-Because a major practicality of a ratio >1 is that it 


ean be determined on inspection, we reexamined the sub- 
` groups for the RV¢:RVs cutoff of 1.0 (Table IT). There 
“was a clear differential sensitivity for lesion-specific 
pathogenicities linked to left ventricular hypertrophy. 
-. The individual sensitivities were mitral regurgitation 
18%, hypertrophic cardiomyopathy 30%, aortic stenosis 
69%, aortic regurgitation 72% and dilated cardiomyopa- 
thy 80%. We therefore examined other cutpoints for 
RV6:RVs. Table I summarizes sensitivities by diagnosis 
and specificity (identification of control subjects) by 
RV&RV; cutpoint. Differential sensitivity by lesion is 
clearest at the 1.0 cutpoint, best for dilated cardiomyop- 
athy and worst for mitral regurgitation, with a specific- 
‘ity of 93%. Cutpoints of 0.95 and 0.90 show expected 
improvements. However, at 0.95 specificity falls to 77% 
and at 0.90 it falls to 50%. 


‘Each subgroup had a much larger left ventricular | 
mass than the control group (control mean 176 g) andthe 
mean for each subgroup was >215 g (Table I). Sensitiv- 
ity of RVę:RVs was lesion-related. There was good sensi- 
tivity for dilated cardiomyopathy, aortic regurgitation 
and aortic stenosis, but very low sensitivity for mitral 


regurgitation and hypertrophic cardiomyopathy sub- a 


groups. We therefore sought to determine whether par- 
ticular architectural features of left ventricular hypertro- 
phy by lesion would explain the effect on RV6:RVs5: For 
example, the cardiomyopathy subgroup findings suggest ` 
that left ventricular dilation is more important. Patients 
with hypertrophic cardiomyopathy (not significantly di- 
lated) and those with dilated cardiomyopathy (markedly 
dilated) had significantly increased left ventricular mass 
(Table I and Figure 1). The highest RV¢:RVs and the 
largest left ventricular internal diameter were in the dilat- 





| CONTROL 
LVIDd 


LV Moss 


RV6:RV5 
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ed cardiomyopathy subgroup. The lowest RV¢:RVs but 
greatest wall thickness was in the hypertrophic cardiomy- 
-apathy subgroup. Yet aortic stenosis produced an inter- 
nal diameter statistically the same as in both control 
subjects and hypertrophic cardiomyopathy patients but 
_ much greater wall thickness. Interestingly, for aortic ste- 
“nosis RVg:RV5 was second only to dilated cardiomyopa- 
thy and well above hypertrophic cardiomyopathy sub- 
groups. Finally, in aortic and mitral regurgitation sub- 
groups both left ventricular size and wall thickness 
significantly exceeded control with significantly greater 
RV¢:RVs, but were less than in aortic stenosis and dilated 
cardiomyopathy subgroups. We therefore calculated left 
ventricular wall volume (LVID + 2 X wall thickness? — 


e LVID?), but rank order did not correspond to increasing 


RV&RV;. 

¿o=o Despite the voltage independence of RVRV;, our 
_ results correspond to conclusions from voltage-dependent 
studies. Murphy et al® found that single electrocardio- 


~ - graphic criteria were often sensitive for particular dis- 
_ eases. Devereux et al*7 found voltage increase to be inde- 


pendent of left ventricular dilation and other geometric 
variables. Also, prediction of left ventricular mass was 
_ identical in left ventricular hypertrophy pressure and vol- 
ume overload.>” Roberts and Day’ reported that dilation 
did not magnify QRS voltage generated by a given mass 
of myocardium. 
_. We hoped RV¢:RVs would perform independently of 
absolute voltages (9 patients with increased left ventricu- 
_ lar mass had RV, <10 mV, but > RVs). Nine of Roberts 
and Day’s 30 patients with severe aortic regurgitation 
had RVg > RV;® (30%, a sensitivity identical to our 
patients with aortic regurgitation). In this regard, Rei- 
kek and Devereux? concluded that R-wave voltage ra- 


tios in Vs and Ve “carry little useful information about 
left ventricular hypertrophy,” but showed marginally bet- 
ter correlation for RV, than RVs with left ventricular 
mass. 


RYV¢ is posterior to other precordial leads so thatin 
particular patients left ventricular enlargement could fa- __ 
vor that electrode. Warner and Hill!° demonstrated that 
left ventricular enlargement produces leftward depolar- 


ization, which should also be posterior. Although RV. 
correlated well with distance between heart and elec- 
trode,'' others failed to improve results using distance 
correction.? 
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Echocardiographic Detection of 
Pericardiocentesis-Induced Subepicardial 
and Intramyocardial Hematoma 


Jon N. Meliones, MD, A. Rebecca Snider, MD, Robert H. Beekman, MD, 
A. Resai Bengur, MD, and Michele A. Bogaards, MD 


p ericardiocentesis has been wide- 
ly used to relieve significant 
pericardial effusion and, in most 
cases, can be performed safely and 
without complications. We describe 
a rare complication of pericardiocen- 
tesis not previously reported in a pe- 


centesis. Before pericardiocentesis, a large 
. a large subepicardial and intramyocardial echo-dense hematoma 


diatric patient. The crucial role of 2- 
dimensional echocardiography in the 
detection of this rare complication is 
illustrated. 

RB was hospitalized at 3 months 
of age for failure to thrive, hydro- 
cephalus and dysmorphism. On ad- 


D 


. Two-dimensional echocardiographic 


„ventricle; RA = right atrium. 


pericardiocentesis, 


mission, the infant's weight was 3.08 > 
kg (< fifth percentile), his hemoglo- 
bin was 8.7 g/dl, and he had severe 
diarrhea and vomiting. On the tenth 
hospital day, RB developed septice- 
mia and Candida parapsilosis was 
grown from blood cultures. Therapy 
was begun with amphotericin B and 





From the Department of Pediatrics, F1609, 
C.S. Mott Children’s Hospital, University of 
Michigan Medical Center, Ann Arbor, Michi- 
gan 48109-0204. Manuscript received June 
19, 1989; revised manuscript received and ac- 
cepted July 13, 1989. 


FIGURE 1 _dwoiimansional schocardiographic images Trom the porasternal long-axis view before {4) and altic (B portónrdio- ce 
is seen anteriorly and posteriorly. After pericardiocentesis, ; 


is seen in the diaphragmatic surface 
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J-fluorocytosine. Despite therapy, 
respiratory distress worsened and 
_ the infant was intubated on the twen- 

_ ty-fourth hospital day. Serial chest 
_ roentgenograms demonstrated an 
_ Increasing cardiothoracic silhouette, 

and a 2-dimensional echocardio- 
gram performed on the twenty- 
eighth hospital day showed a mod- 
erate pericardial effusion. On the 

-< thirty-third hospital day, RB devel- 

-oped acidosis, increased central ve- 
nous. pressure, increased heart size 
and decreased perfusion. An emer- 

-gent 2-dimensional echocardiogram 

| demonstrated a large pericardial ef- 

_ fitsion with tamponade (Figure 1). 
x Pericardiocentesis was per- 

formed from a subxiphoid approach 
with a 16-gauge needle. Sixty-two 

ml of straw-colored fluid was with- 


drawn without difficulty. Shortly 


after the procedure, the infant devel- 
Oped a heart rate of 200 beats/min, 
central venous pressure of 20 mm 
_ Hg and blood pressure of 60/45 mm 
_ Hg. A chest roentgenogram showed 
aright pneumothorax, which was re- 
lieved by placement of a chest tube. 
An electrocardiogram showed evi- 
| dence of myocardial injury with 
| -massive elevation of the ST-T wave 


Segments in the anterior chest leads. 
An emergent 2-dimensional echo- 
cardiogram was performed; it 
showed an echo-dense fluid mass 
within the myocardium of the right 
ventricle (Figure 1). The fluid mass 
involved the anterior and diaphrag- 
matic surfaces of the right ventricle 
and was associated with severe right 
ventricular compression. The infant 
was taken immediately to the oper- 
ating room where a large subepicar- 
dial and intramyocardial hematoma 
was found in the anterior and dia- 
phragmatic walls of the right ventri- 
cle. The hematoma was evacuated 
and a pericardial tube was placed. 
Despite relief of the tamponade and 


inotropic support, the infant died ap- 


proximately 2 hours after surgery. 
At autopsy, a subepicardial and in- 
tramyocardial hematoma was con- 
firmed. 
Pericardiocentesis can be difficult 
in infants and this case represents a 
rare complication not previously re- 
ported in a pediatric patient. A re- 
view of previous reports disclosed 4 
adult patients with this unusual com- 
plication.'~* The use of echocardiog- 
raphy for the diagnosis of pericardial 
effusion and for guidance of the nee- 


dle during pericardiocentesis has 


been well described.5 Our ca 

trates that echocardiography — 
also provide important informatio: 
concerning the results and complica. 
tions of pericardiocentesis. In any p: 
tient with deterioration after perica 
diocentesis, 2-dimensional echoca: 
diography provides a technique for 
the rapid, noninvasive diagnosis of 
complications. This application of 2- 
dimensional echocardiography is e 
pecially important in the critically ill, 
unstable infant. Es 
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Spontaneous Reversible Spasm in an 
Internal Mammary Artery Graft Causing 
Acute Myocardial Infarction 


Gregg W. Stone, MD, and Geoffrey O. Hartzler, MD 


G rancon spasm occurring in 
native coronary arteries in the 
absence of fixed atherosclerotic dis- 
ease carries a generally favorable 
prognosis!; only occasionally does it 
result in myocardial infarction. 
Spasm of saphenous vein and left in- 
ternal mammary artery grafts has 
been demonstrated in the immediate 
postoperative period, and can result 
in hemodynamic collapse.” In addi- 
tion, although rare, spasm of both 
saphenous vein and left internal 
mammary artery grafts presenting 
with recurrent angina pectoris sever- 
al years postoperatively has been an- 
giographically documented.4> To 
our knowledge, late postoperative 
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spasm in a bypass conduit has never 
been linked to transmural myocardi- 
al infarction. We recently studied a 
patient who sustained a transmural 
anterior myocardial infarction relat- 
ed to spontaneous reversible spasm of 
a left internal mammary artery graft. 
A 60-year-old man underwent 
coronary artery bypass grafting for 
progressive angina 9 years before the 
present admission. At that time ven- 
tricular function was normal. A left 
internal mammary artery graft was 
placed to the left anterior descending 
artery, and 2 saphenous vein grafts 
were placed to the left circumflex 
artery and right coronary artery. 
The patient remained asymp- 
tomatic until December 1988, when 
he had an uncomplicated anterior 
myocardial infarction, developing Q 
waves in V; through V4. The pre- 
discharge coronary and graft angi- 
ography was performed at an out- 
side institution 7 days after the in- 


farct while the patient was not taking 

any cardiac drugs. An 80% stenosis 
was present in the proximal left an- 
terior descending artery. The midleft 
anterior descending artery was total- 
ly occluded distal to the first septal 
perforator. The left circumflex ar- 
tery was totally occluded proximal- 
ly; the first and second obtuse mar- 
ginal branches filled sequentially 
from a patent saphenous vein graft. 
The right coronary artery and sa- 
phenous vein graft to the right coro- 
nary artery were both totally occlud- 
ed. Collaterals from the distal cir- 
cumflex supplied the distal right 
coronary territory. 

The left internal mammary ar- 
tery was cannulated with a Judkins 
right catheter without the use of a 
guidewire. A discrete aneurysm was 
present in the proximal third of the 
artery. Shortly thereafter, the artery 
tapered down to a long tubular zone 
that was approximately 90% stenot- 
ic in several areas. The distal left 
internal mammary artery, anasto- 
mosis and distal left anterior de- 
scending artery appeared normal 
(Figure 1). Left ventriculography in 
the right anterior oblique 30° pro- 
jection revealed normal contraction 


FIGURE 1. Selective visualization of the left internal mammary artery graft in the right anterior oblique and left anterior oblique 
projections 7 days after transmural anterior myocardial infarction. 


822 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 64 








FIGURE 2. Selective visualization of the left internal 


in Figure 1). 


of the anterobase, akinesia of the 
midanterior wall and apex and only 
mild hypokinesia of the inferior 
wall. 

Five days after discharge the pa- 
tient had an episode of exertional 
angina. Low level treadmill exercise 
testing precipitated chest pain and 
resulted in 1 to 2-mm of horizontal 
ST-segment depression in the in- 
ferolateral leads. The patient was 
referred to our institution for percu- 
taneous transluminal angioplasty of 
the left internal mammary artery. 
The procedure was performed 12 
days after the previous catheteriza- 
tion. As per routine, the patient was 
premedicated with 5 mg of isosor- 
bide dinitrate sublingually and 5 mg 
of verapamil intravenously. Selec- 
tive visualization of the left internal 
mammary artery just before the 
planned angioplasty is shown in Fig- 
ure 2. The graft was found to be 
widely patent with no focal narrow- 
ing; the proximal aneurysm ap- 
peared unchanged. The coronary 
arteries, saphenous vein grafts and 
left ventricular function were also 
unchanged from the previous study. 

Uncomplicated angioplasty of 
the proximal left anterior descend- 
ing artery was performed. The pa- 
tient was maintained on aspirin, di- 


pyridamole and a calcium antago- 
nist. He has remained asymptomatic 
since discharge. 

Although provocative testing was 
not performed, the complete normal- 
ization of the long tubular stenosis in 
the body of the left internal mamma- 
ry artery strongly suggests spontane- 
ous reversible spasm as the cause of 
the anterior myocardial infarction. 
No angiographic filling defects were 
seen, although transient platelet 
plugging or thromboembolic phe- 
nomena cannot be excluded. The re- 
lation of the spastic arterial segment 
to the proximal aneurysm in the left 
internal mammary artery is unclear. 
It is conceivable that disruption of 
the endothelium in the aneurysm 
may have resulted in abnormal vaso- 
constrictor tone.§ 

To our knowledge, no previous re- 
port has linked reversible spasm in a 
bypass conduit, either saphenous 
vein or internal mammary artery, to 
transmural myocardial infarction 
several years postoperatively. This 
finding has therapeutic implications. 
The unusual appearance of the steno- 
sis in this case strongly suggested 
fixed organic disease; the planned an- 
gioplasty of the internal mammary 
graft was aborted only after resolu- 
tion of the lesion following sublingual 


mammary artery graft 12 days after previous angiography (projections as 


nitrates and intravenous verapamil. — 


Alternatively, spasm may have spon- — 
taneously resolved in the 12-day peri- 
od between the 2 procedures. Of 
note, the patient had not previously 
been taking calcium antagonists, 
which may be associated with im- 
proved infarction-free survival in pa- 
tients with variant angina.' The find- 
ing of 21 stenoses in a mammary 
graft, even if not of typical appear- 
ance for focal spasm, should prompt 
a trial of nitrates or calcium antago- 
nists before further mechanical or 
surgical revascularization. 
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Acquired Coronary Artery-Left Ventricular 
-Pseudoaneurysm Fistula After Myocardial 


Infarction 
~ and Joseph Lindsay, Jr., MD 


cquired coronary artery fistu- 
AA ilas have been reported as com- 
plications of chest trauma and coro- 
nary angioplasty, or after rupture of 
a coronary aneurysm. We describe a 
patient who developed a circumflex 
coronary artery fistula that commu- 
nicated with a left ventricular false 
aneurysm after myocardial infarc- 
‘tion. 
A71-year-old man was admitted 
-with a prolonged episode of subster- 
nal chest pain and dyspnea. The ad- 
mission electrocardiogram showed 
ST-segment depression in Vi, V2, 
and V3; subsequent tracings demon- 
strated a new prominent R wave in 
Vi consistent with a transmural pos- 
terior wall myocardial infarction. 
The creatine phosphokinase-MB 
fraction rose at the time of infarc- 
tion. The hospital stay was uncom- 
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GURE 1. A, late phase angiogram of the circumflex artery demonstrating 


- Kenneth M.H. Lee, MD, Augusto D. Pichard, MD, 


plicated. One month after the myo- 
cardial infarction, during exercise 
treadmill testing, the patient experi- 
enced chest pain accompanied by an- 
terolateral ST-segment depression. 
Cardiac catheterization was per- 
formed. Angiography revealed a 
90% proximal left anterior descend- 
ing diameter stenosis with critical le- 
sions in the first and second diagonal 
branches. The circumflex artery had 
a 99% stenosis in its mid-third and a 
fistulous connection from its distal 
end into a left ventricular false aneu- 
rysm adjacent to the posterior wall 
(Figure 1). The right coronary ar- 
tery was free of narrowing. Ventric- 
ulography confirmed the presence of 
a small posterior wall aneurysm that 
communicated with the false aneu- 
rysm. The remainder of the left ven- 
tricle contracted normally. During 
cardiac surgery, the false aneurysm 
was obliterated with pledget-sup- 
ported mattress sutures and the cir- 
cumflex artery was ligated proximal 
to the fistulous communication. Sa- 
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phenous vein grafting of the left 






anterior descending coronary artery 
and first diagonal branch was also 
performed. The postoperative course | 
was uncomplicated. ea 

Acquired coronary artery-left _ 
ventricle fistulas are uncommon and 
usually occur as a complication of 
chest trauma,! or coronary angio- 
plasty? or after rupture of a coronary 
artery.? There are 3 reported casesof | 
coronary artery to left ventricle fistu- 
las detected after myocardial infarc- 
tion.46 In each case the fistula in- 
volved the infarcted wall segment; 
however, in only 1 case (through seri- 
al coronary angiograms) could it. be 
proven that the fistula was an ac- 
quired defect.® In our patient angiog- 
raphy was not performed before the 
infarct; thus, it is possible that his 
fistula was congenital and was coin- 
cidentally discovered at catheteriza- 
tion. However, we feel that it is more 
plausible to attribute it to his posteri- 
or wall infarction. We suggest that 
after the infarct, a limited rupture. 
into the pericardial space occurred | 
accompanied by erosion through the 
distal circumflex artery and created 
the coronary artery-false aneurysm 
fistula. 

The angiographic recognition of 
coronary artery-cameral fistulas is 
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EXTRAVASATION - 
INTO FALSE 
ANEURYSM 





contrast extravasation (arrows) into the left 


Clinically important for 2 reasons. 
‘irst, fistulas can produce myocardi- 
| ischemia through the “coronary 

steal” phenomenon even in the ab- 

sence of critical coronary artery ste- 
nosis.” Second, these fistulas should 

- be surgically obliterated and the car- 
diac surgeon should be alerted to 

their presence before surgery.?:! 


To our knowledge this is the first 
report of a fistula between a coronary 
artery and a left ventricular false an- 
eurysm. This abnormality should be 
suspected whenever there is abnor- 
mal extravasation of contrast into or 

adjacent to the left ventricle, espe- 


cially when it occurs in an infarcted 
wall segment. 
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~ Diffuse Coronary Vasospasm and 
_ Accelerated Atherosclerosis 
in a Transplanted Human Heart 


_ Thomas Little, MD, John Macoviak, MD, Pedro Villanueva, MD, 
Walter E. Lawrenson, MD, and Anantha Rao, MD 


oronary vasospasm is rare in 
transplanted hearts. We report a 

-case of diffuse coronary vasospasm 
followed by rapidly progressive coro- 

- -nary atherosclerosis in a transplanted 
heart. 

» A 32-year-old man underwent 
orthotopic heart transplantation in 

October 1987 after myocardial in- 

_ farction complicated by cardiogenic 
shock, The donor was a 22-year-old 
man without cardiac symptoms who 
died from isolated head trauma. The 

-. patient returned to work and re- 

= mained in New York Heart Associa- 
tion functional class I except for a 
brief episode of rejection in June 
1988. Subsequent endomyocardial 

«biopsies showed no evidence of acute 
‘rejection. 

One year after transplantation 
the patient underwent routine re- 
evaluation, including coronary angi- 
ography. His medications included 
azathioprine, prednisone and cyclo- 
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sporin. The physical examination 
results were normal. The serum cho- 
lesterol was 165 mg/dl. The right- 
and left-sided cardiac hemodynam- 
ics were normal. Coronary angiogra- 
phy using Hexabrix® demonstrated 
a 25% proximal right coronary ar- 
tery narrowing. This increased to 
70% during subsequent contrast in- 
Jjections and resolved with nitroglyc- 
erin. Initially, the mid-left anterior 
descending artery showed an elon- 
gated 30% narrowing and the left 
circumflex artery was normal. Dur- 
ing subsequent injections, coronary 
spasm developed in both arteries. 
The spasm improved after nitroglyc- 
erin administration (Figure 1). Dil- 
tiazem and gemfibrizol therapy was 
begun. 

Two months later, he developed 
congestive heart failure and electro- 
cardiographic changes indicative of 
anterior wall infarction. Coronary 
angiography showed occlusion of the 
anterior descending artery (Figure 
2). The circumflex artery demon- 
strated a long 30% proximal nar- 
rowing. The right. coronary artery 
appeared normal. The serum choles- 
terol was 157 mg/dl. The high densi- 
ty and low density lipoproteins were 
24 and 97 maa, respectively. 
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Seven weeks later the patient 
died suddenly. At autopsy the ante- 
rior and posterior walls demon 
strated old myocardial infarcti 
The lateral wall showed degenerat 
muscle fibers, proliferating capilli 
ies and lymphocytic infiltration cc 
sistent with myocardial infarction of 
4 days’ duration. The anterior de- 
scending (Figure 3) and circumflex 
arteries showed occlusion by fibro 
muscular and fibrofatty intimal pro- 
liferation with lipid-laden macro 
phages. The results of immunofluo-- 
rescence for immunoglobulin G and 
histochemistry for factor VII were 
negative. 

Isolated coronary vasospasm dur 
ing angiography typically involves 
the proximal right coronary artery 
and is attributable to catheter irrita- 
tion. Multivessel spasm is much rar- 
er, occurring in approximately 0.02% 
of coronary arteriograms. Even after 
methergine provocation, coronary 
spasm is induced in only 10% of pa- 
tients and involves multiple vesselsin 
just 1%.! ; 

There have been rare reports of 
coronary spasm independent of cath- 
eter irritation in transplanted hearts, 
A transplant recipient with exercise- 
induced myocardial ischemia and 
noncritical coronary narrowing de- ` 
veloped complete right coronary oc- 
clusion after ergonovine.? Retrans- 
plantation was eventually required _ 
for graft atherosclerosis (A.J. Buda, — 
personal communication). Cattan et 
al? reported a transplant recipient 
with | syncope during spontaneous 
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FIGURE 1. A, coronary arteriogram 


has developed in a large obtuse mar- 
ginal artery (arrow). 


FIGURE 2. Total occlusion of the mid- 
left anterior descending artery (arrow). 











- ST-segment elevation. Angiography 
-during ST-segment elevation re- 
vealed atherosclerosis and multifocal 
_ coronary spasm. The patient died 
suddenly 7 months later, despite 
-therapy with nitrates and nifedipine. 


Autopsy revealed multivessel coro- 
“nary. thrombosis superimposed on 
‘moderate atheromatous narrowing. 
- Boffa et al* reported spontaneous 
ST-segment changes in a transplant 
recipient with multivessel spasm dur- 


- ing angiography who died suddenly 4 


“months later. 


The present case and those previ- 
ously reported suggest that coronary 
vasospasm not induced by a catheter 
may be a marker of rapidly progres- 
sive and often fatal coronary athero- 
sclerosis in transplant patients. Be- 
cause transplanted patients do not 
experience angina and atherosclero- 
sis may progress rapidly, we recom- 
mend that these patients with spasm 
undergo frequent coronary angiogra- 
phy. Retransplantation may be re- 
quired, if rapid atherosclerotic pro- 
gression is observed. 
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E recent years a number of arti- 
cles and books have focused on 
various coronary anomalies.'-4 One 
of the least frequent coronary anom- 
alies is the combination of retroaortic 
epicardial course of the left circum- 
flex (LC) coronary artery and an- 
teroaortic intramyocardial course of 
the left anterior des: ending (LAD) 
coronary artery. Her iin, we describe 
another such case anc provide a clas- 
sification for such cases based on the 
present and previously published 
cases. 

AS., an 87-year-old man, who 
during life never had evidence of 
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Retroaortic Epicardial Course of the Left 
-Circumflex Coronary Artery and 
Anteroaortic Intramyocardial (Ventricular 
Septum) Course of the Left Anterior 
Descending Coronary Artery: An Unusual 
Coronary Anomaly and a Proposed 
Classification Based on the Number 

of Coronary Ostia in the Aorta 


Allen L. Dollar, MD, and William C. Roberts, MD 


myocardial ischemia or cardiac dys- 
function, died from complications of 
gastrointestinal bleeding. At necrop- 
sy, the heart weighed 405 g. None of 







Coronary Artery 





Pt 





TABLE I Clinical Findings and Anomaly Class of Six 
Previously Reported Necropsy Patients with Retroaortic 
Epicardial Course of the Left Circumflex and Anteroaortic 
Intramyocardial Course of the Left Anterior Descending 


the 4 chambers was dilated. No 


grossly visible foci of myocardial fi- 
brosis or necrosis were present. The 4 
cardiac valves were normal. The ori- 
gins and courses of the coronary. . 
arteries are shown in Figure 1. 
There have been at least 6 previ- 
ously reported necropsy patients*-° 
with combined retroaortic epicardial 
course of the LC and anteroaortic 
intramyocardial course of the LAD 
coronary arteries (Table I). None of 
the 6 previously reported patients 
had symptoms of cardiac dysfunction 
or myocardial ischemia. One? of the 
6 patients, however, was found dead 














Study Age Cardiac Cause Anomaly 
(Reference) Year (yrs), Sex of Death Class* 
Bachdalek5 1867 60,F — i 

Sanes® 1937 4.M 0 | 

White” 1948 39,M re) t 
Schulte® 1985 7LF 0 i 
Virmanit 9 1989 64,M + H 
Virmani? 1989 62,M 0 ila 













* See Figure 2. t This patient died suddenly in bed at home and at necropsy had 
extensive coronary atherosclerosis with severe luminal narrowing. 
+ = present; 0 = absent; — = no information available. 















_ FIGURE 1. Heart from above in the 87-year-old man. The right coronary artery (RCA) arises from the right (R) sinus of 
_ Valsalva and within a centimeter of its origin, it gives rise to the left circumflex coronary artery (LCCA) and the left ; 

descending coronary artery (LADCA). The latter artery courses caudally to penetrate into the ventricular septum . is 
located posteriorly to the right ventricular outflow tract (RVOT). The LADCA enters epicardium again anterior to the ventricular 


: septum and quickly divides into 3 branches, one of which courses in the usual location of the LADCA. The initial portion of the 


“RCA is very large and after origin of the LCCA and the LADCA, the RCA is very tortuous, so tortuous 


loops around itself. 


: 1n oonirast, neither the retronortic LOCA tom the Intramyocardial portion of the LADGA is tortuous, P ~ “posia aL = bto 


z tieus Vena 
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ONE. AORTIC 


OSTIUM 


TWO AORTIC 
OSTIA 
7 


FIGURE 2. Four drawings of the complex of retroaortic epicardial left circumflex (LC) and antes rti int E dille 


__ Fight (R) coronary artery. In type I (/eff) only a single coronary artery arises from the aorta and both LC and LAD co 


artery and either the LAD (Type IIA) or the LC (Type 


there are 3 coronary ostia in the aorta, LC, right and LAD coronary arteries. 


in bed and necropsy disclosed severe 
atherosclerosis of all 3 major coro- 
= nary arteries and a left ventricular 
sear. In these 6 patients, the LC and 
-the LAD arose either from the right 
coronary artery or from the right 
acrtic sinus. 
_ A useful way to classify this com- 
_ bination of anomalies is according to 
number of coronary ostia in the 
rta, Three possible variations of 
complex exist (Figure 2). If 2 
artic ostia are present, there are 2 
further variations based on whether 
the LC or the LAD arises from the 


right coronary artery (Figure 2, Ha 
and IIb). 
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Fatal Azide-Induced Cardiomyopathy 
Presenting as Acute Myocardial Infarction 


Kevin W. Judge, MD, and Needham E. Ward, MD 


Sun azide (NaN3) is a 
chemical preservative commonly 
found in bacteriostatic saline solu- 
tions. Seven. previous fatal ingestions 
have been reported, all of which in- 
volved gram quantities of sodium 
azide salt. In this report, accidental 
ingestion of a solution containing 700 
mg of azide caused fulminant toxic 
cardiomyopathy and death due to 
myocardial failure within 84 hours. 

A previously healthy 29-year-old 
woman. participating in a communi- 
ty college course accidentally ingest- 
ed 700 ml of a commercial buffering 
solution that contained 0.1% sodium 
azide. She immediately became nau- 
seated, weak and confused, prompt- 
ing hospital admission. After over- 
night observation she was released. 


From the Division of Cardiology, University of 
Washington, Division of Cardiology, RG-22, 
Seattle, Washington 98195. Manuscript re- 
ceived May 15, 1989; revised manuscript re- 
ceived and accepted June 27, 1989. 








During the next 24 hours, she devel- 
oped exertional dyspnea. Three days 
after the ingestion she developed 
severe and unexplained precordial 
chest pain radiating to the left arm. 
An admission electrocardiogram 
(Figure 1) showed widespread ST- 
segment elevation in leads II, III, 
aVF and V; through Vs with recipro- 
cal ST depression. She was admitted 
with the presumptive diagnosis of an 
acute myocardial infarction. 

On admission she was acutely ill, 
but alert, with chest pain and dys- 
pnea. The pulse was 118 beats/min, 
and blood pressure was 160/70 mm 
Hg. Jugular venous pressure was not 
elevated and the chest was clear. An 
S4 gallop was heard. The epigas- 
trium was mildly tender. Chest x- 
ray revealed a cardiac silhouette at 
the upper limit of normal size. No 
pulmonary vascular enlargement or 
infiltrates were seen. During labora- 
tory examination the hematocrit was 
39, white count 16,800, serum sodi- 
















































































































































































oe FIGURE 1- Electrocardiogram 7 our after side anton, Widespread ST- ae 


th ditfuse myocardial injury. 


um 135 mEg/liter, potassium 46 


mEqjliter, carbon dioxide 18 mEq/ 


liter, chloride 99 mEgq/liter and cre- 
atinine 0.7 mg/dl. Total creatine ki- 
nase was 269 IU/liter (normal range: ~ 
0 to 150 IU/liter) with a 14% MB 
fraction. Four hours later, total. cre- | 
atine kinase was 413 IUfliter. a 
Shortly after admission, cardiac ` | 
catheterization disclosed a pulmo- — 
nary artery pressure of 30/22. mm 
Hg, pulmonary capillary wedge _ 
pressure of 19 mm Hg and aortic 


pressure of 96/76 mm Hg. The left © 


ventriculogram showed diffuse hy- 
pokinesia, particularly in the region. 
of the anterolateral wall. The ejec- 
tion fraction was 28%. The coronary 
arteries were normal. : 
Over the next several hours the 
patient developed recurrent episodes 
of sustained and nonsustained ven- 
tricular tachycardia (150 to 200 
beats/min) that were refractory to 


multiple drug therapy. Pressor. | 
agents and an intraaortic balloon 


pump were used to treat progressive. 
hypotension but, despite these ef- 


forts, the patient died inasystolicar- | 


rest. 


At autopsy the heart weighed 325 a 


g. The anterior and lateral ventricu- 
lar walls were pale and soft on gross 
examination. Histologic examina- 
tion (Figure 2) showed interstitial — 
edema and widespread myofibrillar 
degeneration without cell infiltrate. 
The lungs were congested. ae 
In the previous 7 reports of fatal 
azide ingestions, death ensued within — 
2 to 28 hours after consumption of 
several grams of sodium azide salt.’ __ 
Deaths were caused by rapidly pro- 
gressive hypotension and profound — 
metabolic acidosis. Pulmonary ede- 
ma, usually deemed to be nonca 
diac, has been typically observed 
Atrial and ventricular arrhythmias ©. 
have been reported and are consis- 


tent with myocardial toxicity, but no 
histopathologic evidence of direct 
myocardial cell damage has been _ 


previously reported. The patient de- 


scribed here developed signs and 


symptoms. of myocardial ischemia, - 


Jeft ventricular dysfunction and elec- — 


trocardiographic evidence of diffuse. - 
myocardial injury. Both cardiac _ 


catheterization and histopathologic ] 











FIGURE 2. Representative histologic section from the left ventricle at autopsy. 
Marked interstitial edema and myofibrillar degeneration are noted. No mono- 

nuclear cell infiltrate is present to suggest an inflammatory etiology of 

injury. (Photomicrograph courtesy of Dr. John Howard, Pierce County Medical 
Examiner.) 


findings in this case reflect a pro- 
found myocardial poisoning that ac- 
„counted for the terminal clinical pre- 
sentation of refractory ventricular 
arrhythmias and cardiogenic shock. 
At 13 mg/kg, this is the lowest 
documented fatal dose of sodium 
 azide.!-> At 84 hours, this is the lon- 
gest documented interval between 
: -azide ingestion and death. Perhaps as 
-a result of the more rapidly fatal 


courses in the previous cases, gross 
pathologic changes of myocardial in- 
jury did not have time to develop. 
Nonfatal ingestions have been 
characterized by acute nausea, hypo- 
tension, tachyardia and severe head- 
ache followed by gradual recovery. 
8 Signs and symptoms of myocardial 
ischemia have been observed in 2 pre- 
viously reported nonfatal inges- 
tions,” one of which documented 


electrocardiographic abnormalities 
described as “T-wave changes.”? 
Our findings suggest that all such pa- 
tients should be electrocardiographi- 
cally monitored for 3 to 5 days and 
undergo noninvasive evaluation to 
detect possible myocardial injury. 
Sodium azide has been observed 
in vitro to interfere with oxidative 
phosphorylation and inhibit cyto- 
chrome oxidase.* Although the pre- 
cise mechanism of in vivo toxicity is 
unclear, azide toxicity bears several 
similarities to the actions of cyanide. 
No effective treatment for azide poi- 
soning currently exists. As azide is 
routinely found in laboratory solu- 
tions, it is of vital importance that 
technical personnel be made aware of 
the extreme dangers of this poison. © 
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Surgery for. Expected 
Ventricular Tachycardia 







` We would like to comment on a brief 
-teport by Woelfel et al published recently 
in’ The American Journal of Cardiology.' 
E They performed programmed stimulation 
< in:22 patients who had a left ventricular 
“aneurysm, and no symptoms suggestive of 
“tachyarrhythmia. Nine (41%) were in- 
ducible to ‘sustained monomorphic ven- 
‘tricular tachycardia (VT), and another 2 
had nonsustained VT induced, which was 
sustained after the addition of an antiar- 
« rhythmic drug. These patients were then 
subjected to aneurysmectomy and an en- 
docardial resection procedure. 

We are concerned about this report for 
several reasons. Most important, these pa- 
tients never had spontaneous VT. As the 
authors state in their final sentence, “ 
only a prospective study of untreated pa- 
tients will firmly establish the significance 
of monomorphic VT induced in patients 

¿` without prior spontaneous arrhythmia.” 
< To treat with antiarrhythmic drugs based 
on uncertain information is questionable. 
To proceed with a surgical procedure that 
has considerable risk is unreasonable. The 
endocardial resection procedure is associ- 
ated with an appreciable operative and in- 
hospital mortality, as attested to in recent 
reports.? 

There is considerable information that 
is critical for interpretation of this study 
but which is not presented. Was the 
arrhythmia created in the laboratory re- 
producible? Did the patients have late po- 
tentials on signal averaged electrocardio- 
grams? Were drugs tested preoperative- 
ly? Was postoperative testing carried 
out? Did any of their successfully treated 
patients require postoperative drug or 
device therapy? Were there any deaths 

- intraoperatively or in the early follow-up 
» period? 

The approach taken by these authors 

was, in part, based on their prior experi- 
“ence with 5 patients who developed sus- 
tained VT after left ventricular aneurys- 
mectomy.? We agree that patients who 
have an incidental aneurysmectomy per- 
formed blindly can present with a new 
rhythm disturbance, and we have previ- 
ously presented similar data.‘ It is not rea- 
sonable to assume that this reflects the 
clinical manifestations of a substrate pre- 
sent. preoperatively that was not dealt 
with in an adequate fashion. It is just as 
likely that the surgery creates a scar from 
which the postoperative arrhythmia ema- 
nates. If that is the case, aneurysmecto- 
my, as performed in this study, might not 
benefit the patient and could just as well 
increase the odds of a postoperative ar- 
< rhythmia. 


















“Letters (from the United States) concerning a 
-particular article in the Journal must be. re- 
‘ceived within 2 months of the article’s publica- 
‘tion, and-should be limited (with rare excep- 
- tions) to 2: double-spaced’ typewritten pages. 
‘Two copies: must be. sübmitted. 











tion regarding the prognostic significance 
of inducible VT in patients without a prior 
arrhythmic event is required before we 
embark on such aggressive forms of thera- 
py.* There is by no means any consensus 
regarding the outcome of these patients 
primarily because, as the authors state, 
natural history studies have not been com- 
pleted. As things stand, we are afraid that 
a surgical approach, such as that under- 
taken in this study, may subject asymp- 
tomatic patients, with an unknown prog- 
nosis, to a risky procedure without an ap- 
preciable chance of benefit. We urge 
restraint until all of the facts are in. 


Peter R. Kowey, mp 


Ted D. Friehling, mo 
Roger A. Marinchak, mo 
Philadelphia, Pennsylvania 
9 January 1989 
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REPLY: The stated purpose of our recent 
article was simply to report “how often 
aneurysms provide a substrate for VT de- 
tectable by programmed stimulation, and 
whether any clinical or angiographic vari- 
ables predict arrhythmia inducibility.” 
Patient management and follow-up were 
outside the scope of this brief report. 
However, we appreciate the interest of 
Kowey et al in these issues of considerable 
importance, and are pleased to provide a 
brief summary of our results for discus- 
sion purposes. 

Nine of our 11 patients with inducible 
sustained monomorphic VT underwent 
coronary bypass grafting, aneurysmecto- 
my and subendocardial resection. (In 2 
patients, the original decision to operate 
was reversed and no surgery was per- 
formed.) The resection was limited to visi- 
ble endocardial scar and was usually not 
map-guided because of inability to rein- 
duce VT after the ventriculotomy. All 9 
operated patients survived the procedure 
without: significant morbidity, and VT 
was no longer inducible in 5 of the 8 pa- 
tients who consented to postoperative 
electrophysiologic testing. The 11 pa- 


OURNAL OF CARDIOLOGY VOLUME 64 


We feel that more definitive informa- 


-and surgically removing any potential 
substrate during this procedure... 






tients without inducible VT: before si: 
gery received coronary bypass. grafting 
only. In this group, there was 1 nona’ 
rhythmic perioperative death. None of the 
21 operative survivors received antiar- 
rhythmic therapy. In follow-up, 2 of the 5: 
patients with inducible VT at discharge (1. 
of the 2 who received no surgery, and 1 of 
the 3 who had persistently inducible VT 
postoperatively) have developed sponta- 
neous sustained VT. The 16 patients with- 
out inducible VT at discharge have re- 
mained arrhythmia-free. : 

With respect to the risk of our aps +) 
proach, Kowey et al cite an abstract that” 
reports a 15% perioperative mortality for = 
arrhythmia surgery. It is incorrect for sev- 
eral reasons to infer that our decision to 
add aneurysmectomy and endocardial re- 
section to our patients’ operations subject- 
ed them to this degree of risk. First, the 
patient population in the cited abstract 
would be expected to have a higher opera- 
tive mortality than ours, because it includ- 
ed patients with more severe left ventricu- 
lar dysfunction, patients without discrete 
aneurysms, and patients operated on —. 
emergently. In addition, our resection was. 
more conservative than would generally 
be used in patients with clinically mani- 
fest VT. Finally, we reemphasize that the. 
decision to operate on our patients was. 
unrelated to the electrophysiologic study 
results: each patient was already sched- 
uled for coronary bypass surgery, with = 
concomitant aneurysmectomy for nonar="" 
rhythmic indications planned in 3 of the 
patients as well. Thus, all our patients had “> 
already accepted the risk of open-heart 
surgery. We believe that in appropriately 
selected patients, judicious resection of 
visible endocardial scar adds little or no 
additional morbidity or mortality to the 
operative procedure, especially when it is 
already to include aneurysmectomy. 

We know of no evidence to support the 
statement that the surgical management 
of our patients “could just as well increase = < 
the odds of a postoperative arrhythmia.” 
It has been well established that the VT 
substrate is usually located in the suben- 
docardial scar tissue at the aneurysm 
margin. Removal of this tissue along with’. 
the aneurysm, as was done in our patients, 
has been highly effective in curing VT and 
has not been reported to be arrhythmo- 
genic. We acknowledged that convention- 
al aneurysmectomy without subendocar: 
dial resection in patients with no previous: 
VT might contribute to the appearance o 
VT postoperatively. However, the results: 
of our study demonstrate not only that the 
VT substrate is detectable before surgery 
in many such patients, but also that its 
incidence is highest in patients with the 
most discrete. aneurysms, who are the‘ 
same patients most likely to undergo an 
eurysmectomy for nonarrhythmic indica- 
tions. The possibility that conventional 






























































































‘aneurysmectomy is arrhythmogenic only 








strengthens the rationale for identifying - 






We would welcome definitive determi- 
ation of the natural history of patients 
ith inducible VT who have had no spon- 
neous arrhythmia. However, until this 
lusive information is available, we and 
others do not feel that efforts to detect and 
ablate VT substrate in patients undergo- 
ing cardiac surgery are “unreasonable.” 
-The same authors that reported a 15% 
mortality from arrhythmia surgery have 
ecently stated! that in “patients with a 
post infarction left ventricular aneurysm 
having no history of spontaneous ventric- 
ular tachycardia who are undergoing open 
heart surgery (often with aneurysmecto- 
` my) . . . it might be reasonable to consider 
performing prophylactic ‘blind’ subendo- 
“cardial resection on these patients at the 
time of aneurysmectomy. Another possi- 
le approach would be the use of pre- or 
intraoperative electrophysiologic stimula- 
tion to select patients who should undergo 
ubendocardial resection with or without 
ndocardial mapping.” 
Our preliminary data suggest that this 
can be done safely, with reasonable effec- 
‘tiveness and likelihood of benefit. We 
-agree with Kowey et al that caution and 
“restraint should be exercised; however, 
the accumulating evidence of a strong re- 
-lation between LV aneurysms and clinical 
| NT should not be ignored. i 
Alan Woelfel, mo 
Chapel Hill, North Carolina 
1 February 1989 


4 Miller JM, Vassallo JA, Kussmaul WG IH, 
“Cassidy DM, Hargrove WC HI, Josephson 
“ME. Anterior left ventricular aneurysm: fac- 
ors associated with the development of sus- 
tained ventricular tachycardia. JACC 1988; 
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Nouns Versus Adjectives in 


_ [read the report of Pasquini et al! con- 

_ cerning hearts having discordant connec- 
-tions between the cardiac segments at the 
atrioventricular junction yet a concordant 
connection of the ventriculoarterial seg- 
“ments of the heart. It seems that a degree 
of inconsistency has developed in the way 
in which Pasquini et al are using the terms 
concordance” and “discordance.” If I 

- understand earlier reports correctly, and I 
hope the Boston investigators will correct 
me if Lam wrong, the terms were initially 
uggested to describe concordance or dis- 
cordance between adjacent segmental to- 
pology. For example, if the atrial cham- 
bers were arranged in usual fashion (situs 
olitus), and there was a d-ventricular 
loop. (right-hand pattern ventricular to- 
pology), the arrangement was described 
interms of “concordance” irrespective of 
the way the atrial chambers interconnect- 
ed with the ventricular mass. As my col- 
eagues and I pointed out in a recent 
tudy,?. usage of “concordance” or “dis- 
cordance” in this fashion has the potential 
nfuse those situations in which the 
combinations are harmonious 


yet the segmental interconnections are 


-discordant, or when the reverse arrange- 


ment pertains. The problem stems exclu- 
sively from use of “concordance” and 
“discordance” as nouns rather than using 
“concordant” or “discordant” in adjecti- 
val fashion. Exactly the same problem is 
found in the current report from Pasquini 
et al. In terms of segmental harmony, a d- 
ventricular loop is expected to support ar- 
terial trunks that are both normally relat- 
ed to each other and normally connected 
to their respective ventricles. ““Ventricu- 
loarterial concordance,” therefore, would 
be represented by the segmental combina- 
tion of either {-.D,S} or {-,L,I}. Yet, in 
cases discussed,* we find the arrange- 
ments {S,L,S}, {S,L,D} and {1,D,L} all 
grouped as showing “ventriculoarterial 
concordance.” Does this mean that Pas- 
quini et al have now abandoned their con- 
vention of using the nouns “concordance” 
and “discordance” to account for segmen- 
tal harmony or disharmony and are, in- 
stead, using them to describe the way in 
which the segments are interconnected? 
As we suggested recently,” any uncer- 
tainty in this respect could be dispelled 
unequivocally by the simple convention of 
using “concordant” or “discordant” in ad- 
jectival fashion. In the cases described, for 
example, there could be no potential for 
confusion if the segmental interconnec- 
tions were described as discordant at the 
atrioventricular level but concordant at 
the ventriculoarterial junction. It is also of 
interest to note that the Boston group 
seems to be ignoring the very important 
“morphologic method” established by 
Van Praagh as a means of recognizing the 
cardiac segments. In essence, this conven- 
tion established that the most constant 
feature of any given segmental structure 
should be used as the criterion for its iden- 
tification. Yet, in their current work, Pas- 
quini et al have chosen variable features of 
both atrial and ventricular morphology 
for use as markers. The anatomy of the 
appendage is a much more constant fea- 
ture than the septum as an arbiter’ of 
atria. In contrast, as Van Praagh himself 
has pointed out so many times, the apical 
trabeculations are the best morphologic 
markers of the ventricles. 
Robert H. Anderson, mo, FRCPath 
London, United Kingdom 
23 January 1989 
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Diltiazem and Left Ventricular 
Mass Regression 


Szlachcic et al! recently reported. left 
ventricular mass regression in hyperten- 
sive patients after treatment with diltia- 
zem. They also made the point that this 
change did not correlate with blood pres- 
sure alone. In their discussion..they fel 
that little information was available abou: 
the effect of diltiazem on mass regression | 
in humans. : 

They referenced an article I wrote on. 
this subject? as an “uncontrolled study.” 
This was in fact a double-blind, con- © 
trolled, randomized study in which pa-.- 
tients were treated either with diltiazem 
or propranolol. Only those patients treat-. 
ed with diltiazem showed mass regression... 
As in their study the reduction in mass 


was due to a reduction in left ventricular . © 


internal dimensions and not to changes in 
wall thickness. Changes in end-systolic. 


stress also did not correlate with mass-re- 


gression. 
The present study confirms my work: 
and should have been well known to the 


investigators. It was done on a subset of = 


patients from a larger trial, which the pre= 
sent author and I have previously report- 
ed. es 
Robert J. Weiss, mp - 


Auburn, Maine 


30 January 1989 
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2. Weiss RJ, Bent B. Diltiazem-induced left- 


ventricular mass regression in hypertensive pa- 
tients. Am J Hypertens 1987 ;3:135~143. 
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REPLY: We appreciate the opportunity to. 


correct our statement! suggesting that 
Weiss’s study” was uncontrolled. In fact, 
we meant that it was not placebo-con- 


trolled since in their study the comparison 


group received propranolol. In addition, : 


Weiss’s data are somewhat difficult to in- < 


terpret because a significant proportion of 
patients in both groups also received a di- 
uretic for blood pressure control. 


This aside, we would concur with Weiss. i 


that the results of both studies are similar 
and reflect a reduction of left ventricular 
mass mostly as a result of a decrease in 
left ventricular end-diastolic dimension. 
In our study, these changes can be attrib- 
uted to diltiazem alone without the possis 
ble influence of diuretics: 
Jadwiga Szlachcie, mo 
Julio F. Tubau, a 
Barry M. Massie, mo 
San Francisco, Californi: 
T March 198: 
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Pulmonary Extraction of Atrial 
“Natriuretic Factor in Humans 


In a study of 15 open-chest dogs, Bates 
et al! demonstrated that plasma atrial na- 
triuretic factor (ANF) levels were 32% 
lower in the pulmonary vein when com- 
pared with the pulmonary artery. This 
confirms a previous report? and suggests 
that in dogs ANF is extracted by the 
lungs. However, studies in man have dem- 
onstrated no decrease in ANF levels from 
pulmonary arterial to systemic arterial 
samples,*-’ with the conclusion that the 
lungs are not a site of significant ANF 
extraction. An alternative explanation for 
these findings is that ANF is extracted in 
the pulmonary circulation, but levels are 
restored by direct secretion of the peptide 
into the left atrial cavity through the- 
besian veins.!? 

To test this hypothesis it is necessary to 
obtain pulmonary venous samples from 
humans. We have done this in 5 patients 
undergoing open-heart surgery. Blood 
samples were taken before the institution 
of cardiopulmonary bypass, and plasma 
“was separated and stored at —20°C. ANF 
levels were determined by radioimmunc- 
assay after extraction on Sep-pak car- 
tridges.2 Plasma ANF levels (mean + 
standard error of the mean) in the inferior 
vena cava, pulmonary artery, pulmonary 
vein, left atrium and aorta were 29 + 5, 45 
+4,30+ 2,37 + 4and 40 + 3, respective- 
ly. Thus, there was a 33% decrease in pep- 
tide levels across the lungs, with a subse- 
quent increase in systemic arterial levels. 

Our observations are similar to those in 
dogs, and confirm that ANF is extracted 
by the lungs. Plasma levels are subse- 
quently restored by direct secretion of the 
peptide into the left atrial cavity. 


Glasgow, United Kingdom 
11 April 1989 
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Rapid Enzyme Measurements in 
Patients with Suspected Acute 
Myocardial infarction 


We read with interest the report by Du- 
four et al! concerning the utility of serial 
enzyme measurements in patients pre- 
senting with suspected myocardial infarc- 
tion. Their study reaffirms the limited 
usefulness of initial cardiac enzyme anal- 
ysis in the management of these patients. 
In their retrospective review, a rise of an 
initially normal creatine kinase level hada 
positive predictive value of 60%, and an 
unchanged or declining creatine kinase 
level had a negative predictive value of 
99%. 

In a smaller prospective study involving 
a different patient population, we found 2 
normal creatine kinase levels to have a 
negative predictive value for myocardial 
infarction of 98% in patients presenting 
with unstable angina pectoris.? In con- 
trast, the positive predictive value for 
myocardial infarction of 1 (or both) ele- 
vated creatine kinase level was only 47%. 

The management of patients with chest 
pain without diagnostic electrocardio- 
graphic changes remains difficult. Indi- 
vidual clinical features have a poor pre- 
dictive value? Although clinical judg- 
ment by the caring physician is of primary 
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importance, short-term: sequential: en- 
zyme analysis appears to be a safe method — 
for identifying patients at low risk of hav- 

ing an acute myocardial infarction. : 


Carey Kimmelstiel, mp 
Worcester, Massachusetts. 
John Quale, mo 

Brooklyn, New York: 

14 April 1989: 


1. Dufour DR, LaGrenade A, Guerra J. Rapid 
serial enzyme measurements in evaluation of. 
patients with suspected myocardial infarction. 
Am J Cardiol 1989;63:652-655. 

2. Quale J, Kimmelstiel C, Lipschik G, Schrem 
S. Use of sequential cardiac enzyme analysis in 
stratification of risk for myocardial infarction ` 
in patients with unstable angina. Arch Intern 
Med 1988;148:1277~1279. ‘ 
3. Quale J, Kimmelstiel C, Schrem S, Lipschik = 
G, Stavens C. Identification of risk factors for 
development of acute myocardial infarction or 


life threatening ventricular arrhythmia in un- `+\ 


stable angina pectoris. Am J Cardiol 1987;59: 
703-704, 


Biockpnea as an Angina 
Equivalent 


I read with interest the article by Cook = 
and Shaper (Am J Cardiol 1989;63:921= 
924) entitled “Breathlessness, Angina 
Pectoris and Coronary Artery Disease.” 
Breathlessness on exertion as an angina 
equivalent was first described in 1933 by. 
Gallavardin,! who coined the word 
“blockpnea.” Strangely enough this im- 
portant equivalent expression of painless 
angina received little recognition. in the. 
American journals, despite its revival in. 
an editorial by Chevalier in the American. 
Heart Journal in 1967.2 Blockpnea is a = 
very descriptive, although somewhat awk- 
ward (because it combines Latin and 
Greek) term that is found in few modern: 
textbooks of cardiology. Chevalier? tried 
to differentiate it from tachypnea in pa-’ 
tients with pulmonary emphysema. As < 
Cook and Shaper pointed out, the associa- 


tion between breathlessness and angina: 


was independent of cigarette smoking, 


Tsung 0. Cheng, mo 
Washington, DC. 


19 April 1989. 
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inactive ingredients: magnesium stearate, microcrystalline cellulose, povidone. sodium starch 
lycolate. 
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“hypertension. It may be used alone or concomitantly with other antihypertensive agents, particulary 
with a thiazide-type diuretic 
Angina Pectoris Due to Coronary Atherosclerosis: TENORMIN is indicated for the long-term 
management of patients with angina pectaris 
CONTRAINDICATIONS: TENORMIN is contraindicated in sinus bradycardia, heart biock greater 
han first degree. cardiogenic shock. and overt cardiac failure. (See WARNINGS } 
S WARNINGS: Cardiac Failure: Sympathetic stimulation is necessary in supporting circulatory 
~ Funetion in congestive heart failure, and beta blockade carries the potential hazard of further 
“depressing myocardial contractility and precipitating more severe laiture_in hypertensive patients who 
have congestive heart failure controlled by digitalis and diuretics. TENORMIN should be administered 
Cautiously. Both digitalis and atenolol slow AV conduction. 
in Patients Without a History of Cardiac Failure: Continued depression of the myocardium with 
= Beta-biocking agents over a period of time can. in some cases, lead to cardiac failure. At the first sign 
OF symptom of impending cardiac failure. patients shouid be fully digitalized and/or be given a 
diuretic and the response observed closely. if cardiac failure continues despite adequate digitali- 
zation and diuresis, TENORMIN should be withdrawn. (See Dosage and Administration.) 


Cessation of Therapy With TENORMIN: Patients with coronary artery disease. who are being 
treated with TENORMIN. should be advised against abrupt discontinuation of therapy. Severe 
exacerbation of angina and the occurrence of myocardial infarction and ventricular arrhythmias 
have Deen reported in angina patients following the abrupt discontinuation of therapy with other 
beta blockers. The last two complications may occur with or without preceding exacerbation of 
Ahe angina pectoris. To date. there has been no report of myocardial infarction or severe angina 
upon withdrawal of TENORMIN, probably due to its long plasma halt-ife. Because of the 
“problems-encountered with other beta blockers, when discontinuation of TENORMIN is planned. 
the patients should be carefully observed and advised to limit physical activity to a minimum. ff 
the angina worsens or acute coronary insufficiency develops. il is recommended that 
TENGRMIN be promptly reinstituted, at least temporarily. (See Dosage and Administration.) 


“>. Bronchospastic Diseases: PATIENTS WITH BRONCHOSPASTIC DISEASE SHOULD, IN 
‘GENERAL, NOT RECEIVE BETA BLOCKERS. Secause of its relative beta, selectivity, however, 
2 TENORMIN may be used with caution in patients with bronchospastic disease who do not 
:: Fespond to, or cannot tolerate, other anti ypertensive treatment. Since beta, selectivity is not 
„absolute, the lowest possible dose of TENORMIN shouid be used with therapy initiated at 
t (bronchodilator) should be made available. if dosage 
se should be considered in order to achieve tower peak 
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Anesthesia and Major Surgery: As with aii beta-receptor blocking drugs it may be decided to 
withdraw TENORMIN before surgery. In this case, 48 hours should be allowed to elapse between the 
- last dose and anesthesia. if realment is continued. care should be taken when using anesthetic 
agents which depress the myocardium such as ether, cyclopropane. and tnchioroethylene 
TENORMIN, like other beta blockers, is a competitive inhibitor of bela-receptor agonists and its 
effects on the heart can be reversed by administration of such agents (eg. dobutamine or isoproterenol 
with caution--see section on Overdosage). Manifestations of excessive vagal tone (eg. profound 
¿i bradycardia, hypotension) may be corrected with atropine (1-2 mg IV} 
- Diabetes and Hypoglycemia: TENORMIN should be used with caution in diabetic patients if a 
beta-blocking agent is required. Beta blockers may mask tachycardia occurring with hypoglycemia, 


“put other manifestations such as dizziness and sweating may not be significantly affected 


TENORMIN does not potentiate insulin-induced hypoglycemia and, un 
blockers, does not delay recovery of blood glucose to normal leveis 
Thyretoxicosis: Beta-adrenergic blockade may mask certain clinical signs (eg. tachycardia) of 
hyperthyroidism. Abrupt withdrawal of beta blockade might precipitate a thyroid storm, therefore. 
patients suspected of developing thyrotoxicosis from whom TENORMIN therapy is to be withdrawn 
shouid be monitored closely {See Dosage and Administration ) 
PRECAUTIONS: Impaired Renal Function: The drug should be used with caution in patients with 
_.mpaired tenal function. (See Dosage and Administration } 
: interactions: Catecholamine-depieting drugs (eg. reserpine) may have an additive effect 
when given with beta-blocking agents. Patients treated with TENORMIN plus a catecholamine 
“-depletor Should theretore be closely observed for evidence of hypotension and/or marked 
bradycardia which may produce vertigo, syncope. or postural hypotension 
Should it be decided to discontinue therapy in patients receiving beta blockers and clonidine 
goneurtently the beta blocker should be discontinued several days before the gradual withdrawal of 
cloniding 
Carcinogenesis, Mi jis, Impairment of Fertility: Two iong-term (maximum dosing duration 
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ssecommended human dose, did sot indicate a carcinogenic potential in rodents. Results of various 
Mutagenicity studies support this finding 
. Fertility of male or female rats (evaluated at dose levels as high as 200 mg/kg/day or 100 times the 
maximum recommended human dose) was unatfected by atenolol administration 
co Animal Toxicology: Chronic studies performed in animals have revealed the occurrence of 
“vacuolation of epithelial cells of Brunner’s glands in the duodenum of both mate and female dogs 
“tested dose levels of atenolol (starting at 15 mg/kg/day or 7.5 times the maximum recommended 
‘human dose), and-incteased incidence of atrial degeneration of hearts of male rats at 300 mg but not 
150 mg atenolol/kg/day (150 and 75 times the maximum recommended human dose, respectively) 
‘USAGE : NCY: Pregnancy Category C. Atenolol has been shown to produce a dose- 
; Telated increase in embryo/tetal resorptions in rats at doses equal to or greater than 50 mg/kg/day or 
25 or more limes the maximum recommended human dose. Although similar effects were nol seen in 
the compound was not evaluated in rabbits at doses above 25 mg/kg/day or 12.5 times the 
maximum recommended human dose. There. are no adequate and well-controlled studies in pregnant 
women. TENORMIN should be used during pregnancy only if the potential benelit justifies the 
; Potential risk to tħe fetus. 3 
Nursing Mothers: Atenolol is excreted in puman breastmilk at a ratio of 1.5 to 6.8 when compared 
t the concentration in plasma. Caution should be exercised when TENORMIN is administered to a 
ursing woman. > eyo eai : 
Use: Safety and effectiveness in children have not been established. 
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ADVERSE REACTIONS: Most adverse effects tiave been mild andtransient. Frequency estimates 
were derived from controlled studies in. which adverse réactions were either volunteered by the patient 
(US studies) orelicited, eg. by checklist (foreign studies). The reported frequency of elicited adverse 
effects was higher for both TENORMIN {atenolol} and placebo-treated patients than when these 
reactions were volunteered. Where frequency of adverse effects for TENORMIN and placebo is similar, 
causal relationship to TENORMIN is uncertain. ; a 

The following adverse-reaction data present frequency estimates in terms of percentages: lirst from: 
the US studies (volunteered side effects) and then from both US and foreign studies (volunteered and 
elicited side effects). $ 

US STUDIES (% ATENOLOL-% PLACEBO): 

CARDIOVASCULAR: bradycardia (3%-0%). cold extremities (0%-0.5%), postural hypotension 
(2%-1%), leg pain (0%-0.5%) 

CENTRAL NERVOUS SYSTEM/NEUROMUSCULAR, dizziness {4%-1%), vertigo (2%-0.5%), 
light-headedness (1%-0%), tiredness (0.6%-0 5%), fatigue (3%-1%)}, lethargy (1%-0%). drowsiness 
(0.6%-0%), depression (0.6%-0.5%), dreaming (0%-0%) 

GASTROINTESTINAL: diarrhea (2%-0%). nausea (4%-1%) 

RESPIRATORY (see WARNINGS): wheeziness (0%-0%), dyspnea (0.6%-1%) 

TOTALS US AND FOREIGN STUDIES: 

CARDIOVASCULAR: bradycardia (3%-0%), cold extremities (12%-5% ), postural hypotension 
(4%-5%), leg pain (3%-1%} 

CENTRAL NERVOUS SYSTEM/NEUROMUSCULAR: dizziness (13%-6%). vertigo (2%-0 2%), 
light-headedness (3%-0. 7%), tiredness (26%-13%), fatigue (6%-5%). lethargy (3%-0.7%), drowsiness 
(2%-0.5%), depression (12%-9%), dreaming (3%-1%) 

GASTROINTESTINAL: diarrhea (3%-2%), nausea {3%-1%) 

RESPIRATORY (see WARNINGS}: wheeziness (3%-3%), dyspnea (6%-4%) 

MISCELLANEOUS: There have been reports of skin rashes and/or dry eyes associated with the use 
of beta-adrenergic blocking drugs. The reported incidence is small and. in most cases, the symptom: 
have cleared when treatment was withdrawn. Discontinuance of the drug should be considered ifar 
such reaction is not otherwise explicable Patients should be closely monitored following cessation.ol 
therapy. 

POTENTIAL ADVERSE EFFECTS: in addition. a variety of adverse elfects have been reported with 
other beta-adrenergic blocking agents. and may be considered potential adverse effects of 
TENORMIN 

HEMATOLOGIC: Agranulocytosis. nonthrombocytepenic purpura, thrombocytopenic purpura 

ALLERGIC. Fever, combined with aching and sore throat, !aryngospasm. and respiratory distress. 

CENTRAL NERVOUS SYSTEM: Reversibie mental depression progressing to catatonia, visual 
disturbances, hatiucinations, an acute reversidie syndrome characterized by disorientation of time 
and place. short-term memory toss, emotional lability with slightly clouded sensorium. decreased 
performance on neuropsychometrics 

GASTROINTESTINAL. Mesenteric arteria! thrombosis. ischemic colitis 

OTHER: Reversible alopecia. Peyronie's disease. erythematous rash, Raynaud's phenomenon 

MISCELLANEOUS. The oculomucocutaneous syndrome associated with the bela blocker practolol 
has not been reported with TENORMIN during investigational use and foreign marketing experience. 
Furthermore. a number of patients who had previously demonstrated established practolol reactions. 
were lransterred to TENORMIN therapy with subsequent resolution or quiescence of the reaction. 
OVERDOSAGE: To date. there is no known case of acute overdosage. and no specific information on 
emergency treatment ot overdosage is availabie. The most common effects expected with overdosage. 
of a beta-adrenergic blocking agent are bradycardia. congestive heart failure, hypotension, i 
bronchospasm, and hypoglycemia. : 

in the case of overdosage, treatment with TENORMIN shouid be stopped and the patient carefully 
observed TENORMIN can be removed from the general circulation by hemodialysis. in addition to 
gastric lavage. the following therapeutic measures are suggested if warranted: 

BRADYCARDIA. Atropine or another anticholinergic drug 

HEART BLOCK {SECOND OR THIRD DEGREE}: isoproterenol or transvenous cardiac pacemaker. 

CONGEST! “ART FAILURE: Conventional therapy 

HYPOTENSION (DEPENDING ON ASSOCIATED FACTORS): Epinephrine rather than isoproterenol 
or norepinephrine may be uselul in addition lo atropine and digitalis 

BRONCHOSPASM: Arninophylline, isoproterenol, or atropine. 

HYPOGLYCEMIA: intravenous glucose. ey 
DOSAGE AND ADMINISTRATION: Hypertension: The initial dose of TENORMIN is 50 mg given as": 
one tablet a day either atone or added to diuretic therapy. The full effect af this dose will usually be ` 
seen within 1 to 2 weeks Hf an optimal response is not achieved. the dosage should be increased to 
TENORMIN 106 mg given as one table! a day. increasing the dosage beyond 100 mg a day is unlikely 
to produce any further benefit 

TENORMIN may be used alone or concomitantly with other antihypertensive agents including 
thiazide-type diuretics, hydralazine. prazosin. and alpha-methyidopa 

Angina Pectoris: The initial dose of TENORMIN is 50 mg given as one tablet a day. tf an optimal 
response is not achieved within 1 week, the dosage should be increased to TENORMIN 100 mg given 

ablet a day. Some patients may require a dosage of 200 mg once a day for optimal effect 

t'y-fourhour contro! with once-daily dosing is achieved by giving doses larger than necessary 
to achieve an immediate maximum effect. The maximum early elfect on exercise tolerance occurs 
with doses of 50 to 100 mg, but al these doses the effect a! 24 hours is attenuated. averaging about 
60% to 75% of that observed with once-a-day oral doses of 200 mg. 

Patients with Renal Impairment: Since TENORMIN is excreted via the kidneys, dosage 
should De adjusted in cases o! severe impairment of renal function. No significant accumulation of 
TENORMIN occurs until creatinine clearance falls below 35 mL/min/1.73 m? (normal range is 
100-150 mL/min/1 73 m2), therefore, the following maximum dosages are recommended 
for patients with rena! impairment, 


Creatinine Clearance Atenolol 


{mL/min 1.73 m2) Elimination Half-life (h) 


15-35 16-27 50 mg daily. a 
<15 >27 50 mg every other'day | 


Patients on hemodialysis should be given 50 mg after each dialysis; this should be done under 
hospital supervision as marked falls in blood pressure can occur. 

Cessation of Therapy: li withdrawal of TENORMIN therapy is planned, it shouid be achieved 3 
gradua'ly over a period of about 2 weeks. Patients should be carefully observed and advised to limit 
Fic sical pea o a minimum 

PPLIED: Tablets of 50 mg atenolol. NDC 0310-0105 (round, fat, uncoated white tablets 
identified with ICI debossed on one side and 105 debossed on the other side, bisected) are supplied 
in bottles of 100 tablets and unit-dose packa es of 100 tablets : at 

Tablets of 100 mg atenofol, NDC 0310-030T (round. flat, uncoated white tablets identified with ICI 
debossed on one side and 101 debossed on the other side) are supplied in bottles of 100 tablets and 
unit-dose packages of 100 tablets : 
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platelet aggregation. 
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Lopressor” 


metoprolol tartrate USP 
Tablets 


Ampuls 
Prafilied Syringes 


BRIEF SUMMARY (FOR FULL PRESCRIBING 
INFORMATION, SEE PACKAGE INSERT) 


INDICATIONS AND USAGE 

Hypertension ; 

Lopressor tablets are indicated for the treatment of hyperten- 
sion. They may be used alone or in combination with other 
antihypertensive agents. 

Angina Pectoris 

Lopressor is indicated in the long-term treatment of angina 
pectoris. 

Myocardial infarction 

Lopressor ampuls, prefilled syringes, and tablets are indicated 
in the treatment of hemodynamically stable patients with defi- 
nite or suspected acute myocardial infarction to reduce cardio- 
vascular mortality, Treatment with intravenous Lopressor can 
be initiated as soon as the patient's clinical condition allows 
(see DOSAGE AND ADMINISTRATION, CONTRAINDICATIONS, 
and WARNINGS). Aiternatively, treatment can begin within 

3 to 10 days cf the acute event (see DOSAGE AN 
ADMINISTRATION). 


CONTRAINDICATIONS 

Hypertension and Angina 

Lopressor is contraindicated in sinus bradycardia, heart block 
reater than first degree, cardiogenic shock, and overt cardiac 
ailure (see WARNINGS). 

Myocardial tafarction 

Lopressor is contraindicated in patients with a heart rate 

< 45 beats/min; second- and third-degree heart block; signifi- 

cant first-degree heart block (P-R interval = 0.24 sec); systolic 

blood pressure < 100 mmHg; or moderate-to-severe cardiac 

failure (see WARNINGS). 


WARNINGS 
Hypertension and Angina rere 
Cardiac Failure: Sympathetic stimulation is a vital component 
supporting circulatory function in congestive heart failure, and 
beta blockade carries the potential hazard of further depressing 
myocardial contractility and precipitating more severe failure. 
in hypertensive and angina patients who have congestive heart 
failure controlled by digitalis and diuretics. Lopressor shouid 
be administered cautiously. Both digitalis and Lopressor slow 
AV conduction. . 

in Patients Without a History of Cardiac Failure: Continued 
depression of the myocardium with beta-biocking agents over 
a period of time can, in some cases, lead to cardiac failure, At 
the first sign or symptom of impending cardiac failure, patients 
should be fully digitalized and/or given a diuretic. The response 
should be observed closely. If cardiac failure continues, de- 
spie adequate digitalization and diuretic therapy, Lopressor 
should be withdrawn. 


ischemic Heart Disease: Following abrupt cessation of 
therapy with certain beta-blocking agents, exacerbations 
of angina pectoris and, in some cases. myocardial infarc- 
tion have occurred. When discontinuing chronically 
administered Lopressor, particularly in patients with isch- 
emic heart disease, the dosage should be gradually 
reduced over a period of 1-2 weeks and the patient should 
be carefully monitored. If angina markedly worsens or 
acute coronary insufficiency develops, Lopressor admin- 
istration should be reinstated promptly, at least tem- 
porarily, and other measures appropriate for the manage- 
ment of unstable angina should be taken. Patients should 
be warned against interruption or discontinuation of 
therapy w:thout the physician's advice. Because coronary 
artery disease is common and may be unrecognized, it 
may be prudent not to discontinue Lopressor therapy 
abruptly even in patients treated only for hypertension. 


Bronchospastic Diseases: PATIENTS WITH BRONCHO- 
SPASTIC DISEASES SHOULD, IN GENERAL, NOT RECEIVE 
BETA BLOCKERS. Because of its relative beta, selectivity, 
however, Lopressor may be used with caution in patients with 
bronchospastic disease who do not respond to, or cannot 
tolerate, other antihypertensive treatment. Since beta, se- 
lectivity is not absolute, a beta,-stimulating agent shouid be 
administered concomitantly, and the lowest possible dose of 
Lopressor shouid be used. In these circumstances it would 
be prudent ght to administer Lopressor in smaller doses 
three times daily, Instead of larger doses two times daily, to 
avold the higher plasma levels associated with the longer 
neh interval. (See DOSAGE AND ADMINISTRATION.) 
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Major Surgery: The necessity or desirability of withdrawing 
beta-biocking therapy prior to major surgery is controversial; 
the impaired ability of the heart to respond to reflex adrenergic 
stimuli may augment the risks of general anesthesia and sur- 
gical procedures. 

Lopressor, like other beta blockers, is a competitive inhibitor 
of beta-receptor agonists, and its effects can be reversed by 
administration of such agents, e.g.. dobutamine or iSo- 
proterenol. However, such patients may be subject to pro- 

‘tracted severe hypotension. Difficulty in restarting and main- 
taining the heart beat has also been reported with beta 
blockers. 

Diabetes and Hypoglycemia: Lopressor should be used 
with caution in diabetic patients it a beta-blocking agent is 
required. Beta blockers may mask tachycardia occurring with 
hypoglycemia, but other manifestations such as dizziness and 
sweating may not be significantly affected. , 

Thyrotoxicosis: Beta-adrenergic blockade may mask certain 
clinical signs (e.g., tachycardia) of hyperthyroidism. Patients 
suspected of developing thyrotoxicosis should be managed 
carefully to avoid abrupt withdrawal of beta blockade, which 
might precipitate a thyroid storm. 

Myocardial infarction net 

Cardiac Failure: Sympathetic stimulation is a vital component 
supporting circulatory function, and beta blockade carries the 
potential hazard of depressing myocardial contractility and pre- 
Cipitating or exacerbating minimal cardiac failure. 





During treatment with Lopressor, the hemodynamic status 
of the patient should be carefully monitored. if heart failure 
occurs or persists despite appropriate treatment, Lopressor 
should be discontinued. 

Bradycardia: Lopressor produces a decrease in sinus heart 
rate in most patients; this decrease is greatest among patients 
with high initial heart rates and least among patients with low 
initial heart rates. Acute myocardial infarction (particularly in- 
ferior infarction) may in itself produce significant lowering of 
the sinus rate. If the sinus rate decreases to < 40 beats/min, 
particularly if associated with evidence of lowered cardiac out- 
put, atropine (0.25-0.5 mg) should be administered intra- 
venously. If treatment with atropine is not successful, 
Lopressor should be discontinued, and cautious administration 
of isoproterenol or installation of a cardiac pacemaker should 
be considered. 

AV Block: Lopressor slows AV conduction and may produce 
significant first- (P-R interval =0.26 sec), second-, or third- 
degree heart block. Acute myocardial infarction also produces 
heart block. 

if heart block occurs. Lopressor should be discontinued and 
atropine (0.25-0.5 mg) should be administered intravenously 
if treatment with atropine is not successful, cautious adminis- 
tration of isoproterenol or installation of a cardiac pacemaker 
should be considered 

Hypotension: if hypotension (systolic blood pressure 
= 90 mmHg) occurs, Lopressor should be discontinued, 
and the hemodynamic status of the patient and the extent of 
myocardial damage carefully assessed. Invasive monitoring 
of central venous, pulmonary capillary wedge, and arterial 
pressures may be required. Appropriate therapy with fluids, 
positive inotropic agents, balloon counterpulsation, or other 
treatment modalities should be instituted. If hypotension is 
associated with sinus bradycardia or AV block, treatment 
should be directed at reversing these (see above) 

Bronchospastic Diseases: PATIENTS WITH BRONCHO- 
SPASTIC DISEASES SHOULD, IN GENERAL, NOT RECEIVE 
BETA BLOCKERS. Because of Its relative beta; selectivity, 
Lopressor may be used with extreme caution in patients 
with bronchospastic disease. Because it is unknown to what 
extent beta,-stimulating agents may exacerbate myocardial 
Ischemia and the extent of infarction, these agents should 
not be used prophylactically. If bronchospasm not related to 
congestive heart failure occurs, Lopressor should be discon- 
tinued. A theophylline derivative or a beta, agonist may be 
administered cautiously, depending on the clinical condition 
of the patient. Both theophylline derivatives and beta, agon- 
ists may produce serious cardiac arrhythmias. 
PRECAUTIONS 
General 
Lopressor shouid be used with caution in patients with im- 
paired hepatic function. 
information for Patients 
Patients shouid be acvised to take Lopressor regularly and 
continuously, as directed. with or immediately following meals. 
if a dose should be missed, the patient should take only the 
next scheduled dose {without doubling it). Patients should not 
discontinue Lopressor without consulting the physician. 

Patients should be advised (1) to avoid operating auto- 
mobiles and machinery or engaging in other tasks requiring 
alertness until the patient's response to therapy with Lopressor 

has been determined: (2) to contact the physician if any diffi- 
culty in breathing occurs: (3) to inform the physician or dentist 
before any type of surgery that he or she is taking Lopressor. 
Laboratory Tests 
Clinical laboratory findings may include elevated levels of 
serum transaminase. alkaline phosphatase, and lactate 
dehydrogenase. 

Drug Interactions 

Catecholamine-depieting drugs {e.g.. reserpine) may have an 
additive effect when given with beta-blocking agents. Patients 
treated with Lopressor plus a catecholamine depietor should 
therefore be closely observed for evidence of hypotension or 
marked bradycardia, which may produce vertigo, syncope, or 
postural hypotension 

Carcinogenesis, Mutagenesis, impalrmoa of Fertility 
Long-term studies in animals have been conducted to evaluate 
carcinogenic potential. in 2-year studies in rats at three oral 
dosage levels of up to 800 mg/kg per day, there was no in- 
crease in the development of spontaneously occurring benign 
or malignant neoplasms of any type. The only histologic 
changes that appeared to be drug related were an increased 
incidence of generally mild focal accumulation of toamy mac- 
rophages in pulmonary alveoli and a slight increase in biliary 
hyperplasia. Neither finding, represents symptoms of a known 
disease entity in man. in a 21-month study in Swiss albino mice 
at three oral dosage ‘eveis of up to 750 mg/kg per day, benign 
lung tumors (small adenomas) occurred more frequently in 
female mice receiving the highest dose than in untreated con- 
trol animals. There was no increase in malignant or total 
(benign plus malignant) tung tumors, nor in the overall inci- 
dence of tumors or malignant tumors. This 21-month study 
was repeated in CD-t mice, and no statistically or biologically 
significant differences were observed between treated and con- 
trol mice of either sex for any type of tumor. 

All mutagenicity tests performed (a dominant lethal study in 
mice, chromosome studies in somatic cells. a Salmonella/ 
mammalian-microsome mutagenicity test. and a nucleus 
anomaly test in somatic interphase nuclei) were negative. 

No evidence of impaired fertility due to Lopressor was ob- 
served in a study performed in rats at doses up to 55.5 times 
the maximum daily human dose of 450 mg. 

Pregnancy Category C 

Lopressor has been shown to increase postimplantation loss 
and decrease neonatal survival in rats at doses up to 55.5 times 
the maximum daily human dose of 450 mg. Distribution stud- 
ies in mice confirm exposure of the fetus when Lopressor is 
administered to the pregnant animai, These studies have 
revealed no evidence of impaired fertility or teratogenicity. 
There are no adequate and well-controlled studies in pregnant 
women. Because animal reproduction studies are not always 
predictive of human response, this drug should be used during 
pregnancy only if clearly needed 

Nursing Mothers 

Lopressor is excreted in breast milk in very smali quantity. An 
infant consuming 1 fiter of breast milk daily would receive a 


dose of less than 1 mg of the drug. Caution shouid be exercised 
when Lopressor is administered to a nursing woman. 
Pediatric Use 

Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS 

Hypertension and Angina 

Most adverse effects have been mild and transient. 

Central Nervous System: Tiredness and dizziness have 
occurred in about 10 of 100 patients. Depression has been 
reported in about 5 of 100 patients. Mental confusion and 
short-term memory loss have been reported. Headache, night- 
mares, and insomnia have aiso been reported. 

Cardiovascular: Shortness of breath and bradycardia have 
occurred in approximately 3 of 100 patients. Coid extremities, 
arterial insufficiency, usually of the Raynaud type: palpitations, 
congestive heart tailure; peripheral edema; and hypotension 
have been reported in about 4 of 100 patients. (ose CON- 
TRAINDICATIONS, WARNINGS, and PRECAUTIONS.) 

Respiratory: Wheezing (bronchospasm) and dyspnea have 
been reported in about 1 of 100 patients (see WARNINGS). 

Gastrointestinal: Diarrhea has occurred in about 5 of 
100 patients. Nausea, dry mouth, gastric pain, constipation, 
flatulence, and heartburn have been reported in about | of 
100 patients. 

Hypersensitive Reactions: Pruritus or rash have occurred in 
about Sof 100 patients. Worsening of psoriasis has also been 
reported. 

Miscellaneous: Peyronie's disease has been reported in 
fewer than 1 of 100,000 patients. Musculoskeletal pain, blurred 
vision, and tinnitus have also been reported. 

There have been rare reports of reversible alopecia, 
agranulocytosis, and dry eyes. Discontinuation of the drug 
should be considered if any such reaction is not otherwise 
explicable. 

he oculomucocutaneous syndrome associated with the beta 
blocker practolo! has nat been reported with Lopressor. 
Myocardial infarction 
Central Nervous System: Tiredness has been reported in 
about 1 of 100 patients. Vertigo, sieep disturbances, haflucina- 
tions, headache, dizziness, visual disturbances, confusion, 
and reduced bido have also been reported, but a drug rela- 
tionship is not clear. 

Cardiovascular: in the randomized comparison of Lopressor 
and placebo described in the CLINICAL PHARMACOLOGY sec- 
tion, the following adverse reactions were reported: 


Lopressor Placebo 

Hypotension 27.4% 23.2% 
systolic BP < 90 mmHg) 

Bradycardia 15.9% 6.7% 
(heart rate < 40 beats/min) 

Second- or 4.7% 4.7% 
third-degree heart block 

First-degree 5.3% 1.9% 
heart biock {P-R = 0.26 sec) 

Heart failure 27.5% 29.6% 


Mice grin Dyspnea of pulmonary origin has been re- 
ported in fewer than 1 of 100 patients. 

Gastrointestinal: Nausea and abdominal pain have been 
reported in fewer than 1 of 100 patients. 

Dermatologic: Rash and worsened psoriasis have been 
reported, but a drug relationship is not clear. 

Miscellansous: Unstable diabetes and claudication have 
been reported, but a drug relationship is not clear. 

Potential Adverse Reactions 

A variety of adverse reactions not listed above have been re- 

porna with other beta-adrenergic blocking apene and shouid 
e considered potential adverse reactions to Lopressor. 

Centrai Nervous System: Reversible mental depression pro- 
gressing to catatonia: an acute reversible syndrome character- 
ized by disorientation for time and place, short-term memory 
joss, emotional lability, slightly clouded sensorium, and de- 
creased performance on neuropsychometrics. 

Cardiovascular: intensification of AV block (see CONTRA- 
INDICATIONS). i 

Hematologic: Agranulocytosis, nonthrombocytopenic pur- 
pura, thrombocytopenic purpura. 

Hypersensitive Reactions: Fever combined with aching and 
sore throat, ‘aryngospasm, and respiratory distress. 
OVERDOSAGE 
Acute Toxicity 
Several cases of overdosage have been reported, some leading 
to death. 

Ora! LDsp’s (mg/kg): mice, 1158-2460; rats, 3090-4670. 
Signs and Symptoms 
Potential signs and symptoms associated with overdosage with 
Lopressor are bradycardia. hypotension, bronchospasm, and 
cardiac failure. 

Treatment 
There is no specific antidote 

in general, patients with acute or recent myocardial infarc- 
tion may be more hemodynamically unstable than other pa- 
tients and should be treated accordingly (see WARNINGS, Myo- 
cardial intarctlon). 

On the basis of the pharmacologic actions of Lopressor, the 
following general measures should be employed: 

Eliminatien of the Drug: Gastric lavage should be 
performed. 

Bradycardia: Atropine should be administered. If there is no 
response to vagal blockade, isoproterenol should be adminis- 
tered cautiously. 

Hypotension: A vasopressor should be administered. e.g., 
levarterenol or dopamine 

Bronchospasm: A beta,-stimulating agent and/or a theo- 
phylline derivative should be administered. 

ardiac Failure: A digitalis glycoside and diuretic should be 
administered. In shock resulting from inadequate cardiac con- 
tractility, administration of dobutamine. isoproterenol, or 
glucagon may be considered. 
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HYDROCHLORIDE TABLETS) 


1,000-mg scored tablet 


Enhances the value of oral procainamide 
for selected cardiac dusrhuthmias 
With modern sustained-release Procan SR, short duration of effect 
no longer impedes the usefulness of procainamide for maintenance therapy. 
A standard medication now assumes greater importance, both in terms of 
convenience and patient compliance. 








Administered half as often as conventional oral procainamide 
Wide versatility in cardiac conditions 
Can be used concomitantly with digoxin 
Ideal maintenance therapy 





Be  Procan SR... ee: 
the original sustained-release oral procainamide 


PARKE-DAVIS 
Division of Warner-Lamibert Company 
Moms Plains: New Jersey 07950 


Please see next page for brief summary of prescribing information. 
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- Procan® SR (procainamide hydrochloride tablets) Bal 
_ SUSTAINED RELEASE 


: Before prescribing, please see full prescribing information. 
A Brief Summary follows. 


The prolonged administration of procainamide often leads to the development of a positive 
antinuclear antibody (ANA) test with or without symptoms of lupus erythematosus-like 
syndrome. If a positive ANA titer develops, the benefit/risk ratio related to continued 
procainamide therapy should be assessed. This may necessitate consideration of alternative 
antiarrhythmic therapy. 


_ INDICATIONS AND USAGE: Oral procainamide is indicated in the treatment of premature 

ventricular contractions, ventricular tachycardia, atrial fibrillation, and paroxysmal atrial 

~ tachycardia. 

CONTRAINDICATIONS: Hypersensitivity to procainamide is an absolute contraindication. In this 

connection, cross-sensitivity to procaine and related drugs must be borne in mind 
Procainamide should not be administered to patients with complete atrioventricular heart block 


rie _ Itis also contraindicated in cases of second degree and third degree A-V nodal block unless an 


electrical pacemaker is operative. 

It has been suggested that procainamide be contraindicated in patients with myasthenia gravis. 
WARNINGS: Granulocytopenia may follow the use of procainamide, and deaths from sepsis have 
occurred. Leukocyte changes are most likely to occur during the first three months of therapy. 
During this time routine blood counts should be done at least every two weeks and thereafter at 
longer intervals throughout maintenance procainamide therapy. Complaints of malaise and aches 
(aflu-type syndrome) are often reported in association with the granulocyte depression 

Patients should be instructed to report such symptoms promptly, as well as any soreness of 
mouth, throat or gums, unexplained fever, or symptoms of an upper respiratory tract infection. If 
these should occur and a complete blood count indicates a granulocyte depression, procainamide 
therapy should be discontinued immediately and appropriate treatment instituted. Recovery of 
leukocyte count usually occurs within a few weeks. 

The incidence of granulocytopenia appears to be higher with procainamide sustained-release 

tablets than with standard tablets. 
PRECAUTIONS: General — During administration of the drug, evidence of untoward myocardial 
responses should be carefully watched for in all patients. In the presence of an abnormal 
myocardium, procainamide may at times produce untoward responses. In atrial fibrillation or flutter, 
the ventricular rate may increase suddenly as the atrial rate is slowed. Adequate digitalization 
reduces, but does not abolish, this danger. If myocardial damage exists, ventricular tachysystole 
is particularly hazardous. Correction of atrial fibrillation, with resultant forceful contractions of the 
‘atrium, may cause a dislodgment of mural thrombi and produce an embolic episode. However, it 
has been suggested that, in a patient whois already discharging emboli, procainamide is more 
likely to stop than to aggravate the process. 

Attempts to adjust the heart rate in a patient who has developed ventricular tachycardia during 
an occlusive coronary episode should be carried out with extreme caution. Caution is also required 
in marked disturbances of atrioventricular conduction such as A-V block, bundle branch block, or 
severe digitalis intoxication, where the use of procainamide may result in additional depression of 
conduction and ventricular asystole or fibrillation. 

Because patients with severe organic heart disease and ventricular tachycardia may also have 
complete heart block, which is difficult to diagnose under these circumstances, this complication 
should always be kept in mind when treating ventricular arrhythmias with procainamide. If the 
ventricular rate is significantly slowed by procainamide without attainment of regular atrioventricular 
conduction, the drug should be stopped and the patient reevaluated since asystole may result 
under these circumstances. 

In patients receiving normal dosage, but who have both liver and kidney disease, symptoms of 
overdosage (principally ventricular tachycardia and severe hypotension) may occur due to drug 
accumulation. 

Serious hypotension can result from peripheral vasodilation and from decreases in cardiac 
output. At high plasma levels, procainamide may produce sinus tachycardia due to reflex sym- 
pathetic response to its hypotensive effect. Large doses may increase cardiac automaticity and 
can induce complete atrioventricular block, cardiac standstill, or ventricular extrasystoles that may 
proceed to ventricular fibrillation. These effects on the myocardium are reflected in the elec- 
trocardiogram: a widening of the QRS complex occurs most consistently; less regularly, the P-R 
and QT intervals are prolonged; and the QRS and T waves show some decrease in voltage. 

Antinuclear antibodies (ANA) are often found in patients receiving long-term procainamide 
therapy. The induction of ANA appears to be independent of dosage. Patients with procainamide- 
induced increases in ANA titers may develop a syndrome resembling systemic lupus 
erythematosus (SLE). The mechanism of this syndrome is uncertain. Polyarthralgia, arthritic 
symptoms, and pleuritic pain are common symptoms; to a lesser extent fever, myalgia, skin lesions, 
pleural effusion, pericarditis, headache, fatigue, weakness, nausea and abdominal pain may occur. 
Rare cases of thrombocytopenia, Coombs positive hemolytic anemia, increased SGOT, SGPT, and 
serum amylase have been reported which may be related to this SLE-like syndrome. 

Itis recommended that tests for systemic lupus erythematosus be carried out at regular intervals 
in patients receiving maintenance or prolonged procainamide therapy. The drug should be 
discontinued if there is a rising ANA titer or clinical symptoms of SLE appear. The SLE-like syndrome 
may be reversible upon discontinuation of the drug. If discontinuation does not cause remission 
of the symptoms, corticosteroid therapy may be effective. Ifthe SLE-like syndrome develops ina 
patient with recurrent life-threatening arrhythmias not controllable by other antiarrhythmic agents, 
corticosteroid suppressive therapy may be used concomitantly with procainamide 
Information for Patient — Practitioners should give the following information and instructions to 
patients receiving ProcanSR. 1.Donotcrush or chew these tablets. Swallow them whole. 2. Take 


Procan® SR (procainamide hydrochloride tablets) 
a 

this medicine exactly as directed by your doctor. Do not miss any doses and do not take more 

medicine than ordered. Do notstop taking this medicine without first checking with your doctor. 

3. lf you miss a dose and remember within one hour or so, take it as soon as possible. Then go back 

to your regular dosing schedule. Do not take double doses. If you have any questions about this, 

check with your doctor. 4. Report to your doctor any flu-type symptoms, such as malaise and 
aches, as well as any soreness of the mouth, throat or gums, unexplained fever, skin rash, unusual 
bleeding or bruising, symptoms that resemble arthritis, or symptoms of an upper respiratory tract 
infection. 5. Do not be concerned if you occasionally notice in your stool something that looks like 

a tablet. In Procan SR (procainamide hydrochloride tablets), the drug is “held” in a wax core that 
has been specially designed to slowly release the drug for your body to absorb. When this process 
iscompleted the empty, nonabsorbable wax core, which looks nearly unchanged, is eliminated 

from your body. 6. Keep container tightly closed and store in a cool, dry place. 

Laboratory Tests — Patients receiving procainamide for extended periods of time, or in whom 
symptoms suggestive of a lupus-like reaction appear, should have antinuclear antibody titers 
measured at regular intervals. 

Routine blood counts are advisable during maintenance procainamide therapy. See 
WARNINGS for additional information. 

Plasma concentrations of procainamide and NAPA should be monitored in patients with renal 
disease, hepatic disease, cardiac failure, or low cardiac output states. 

Drug Interactions: 1. Antiarrhythmics: Concurrent use with procainamide may resultin additive 

cardiac effects and/or additive toxic effects. 2. Anticholinergics: Procainamide enhances the 
anticholinergic effects. Extreme caution must be exercised with such a combination. 3. Anti- 
cholinesterases: Procainamide antagonizes the effect of anticholinesterases in myasthenia 
gravis, and paralysis returns. 4. Antihypertensives: Procainamide may potentiate the 
hypotensive effects of thiazide diuretics and other antihypertensive agents. Adjustment of dosage 
may be required. 5. Histamine H,-receptor antagonists: It has been reported that histamine 

H,-receptor antagonists such as cimetidine and ranitidine reduce renal clearance of 
procainamide and NAPA, resulting in higher plasma concentrations for longer durations. Caution 
should be exercised when administering these drugs concurrently, especially in the elderly, who 
have a reduced ability to clear all three. Dosage modification may be required. 6. Neuromuscular 
Blocking Agents: Procainamide potentiates the effects of skeletal muscle relaxants such as 
succinylcholine. It also may enhance or prolong the neuromuscular blocking activity of bacitracin, 

colistimethate, dihydrostreptomycin, gentamicin, gramicidin, kanamycin, neomycin, polymyxin 

B, streptomycin, and viomycin, producing respiratory depression 
Pregnancy —Pregnancy Category C. Animal reproduction studies have not been conducted with 
procainamide. It is also not known whether procainamide can cause fetal harm when administered 

to a pregnant woman or can affect reproduction capacity. Procainamide should be given to a 
pregnant woman only if clearly needed 
Nursing Mothers —Procainamide and its major metabolite, NAPA, have been identified in breast 
milk. Caution should be exercised when procainamide is administered to a nursing woman. 
ADVERSE REACTIONS: Most frequent, especially with large oral doses: 1. Anorexia; 
2. Nausea; 3. Vomiting; 4. Diarrhea; 5. Urticaria; 6. Pruritus. 

Less frequent: 1. Reactions in patients on long-term procainamide therapy: a. Antinuclear 
antibodies (ANA); b. Syndrome resembling systemic lupus erythematosus (SLE) (See 
PRECAUTIONS); 2. Hypersensitivity reactions: a. Angioneurotic edema; b. Maculopapular 
rash; c. Fever; d. Eosinophilia; e. Hypergammaglobulinemia. 

Infrequent: 1. Granulocytopenia, sometimes resulting in death (See WARNINGS); 
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`: CORONARY ARTERY DISEASE 


Influence of Beta-Adrenergic Blockade Defined by Time 
. Series Analysis on Circadian Variation of Heart Rate 
and Myocardial Ischemia 
-+ Charles R. Lambert, Kevin Coy, Greg Imperi, and 
: Carl J. Pepine 


Using time series analysis techniques, we studied the circadian 
variation of ambulatory ischemia and heart rate in 9 patients 
with severe coronary artery disease. During placebo adminis- 
tration heart rate and ischemia are tightly coupled and exhibit 
marked circadian variation, but after 6|-adrenergic blockade 
with metoprolol circadian variation is lost, the spectral charac- 
teristics of remaining ischemia are altered and coupling of 
ischemia and heart rate is not present. 


840 
Urokinase Plus Heparin Versus Aspirin in Unstable 
Angina and Non-Q-Wave Myocardial Infarction 
Theodore L. Schreiber, Gregory Macina, Ann McNulty, Paul 
Bunnell, Marie Kikel, David H. Miller, Richard B. Devereux, 
Richard Tenney, Michael Cowley, and Benjamin Zola 





To assess the value and safety of thrombolytic therapy in un- 
stable angina and non-Q-wave myocardial infarction, we ran- 
domized 25 such patients to receive either aspirin, 325 mg 
daily, or urokinase followed by heparin. The apparent benefit 
of urokinase followed by heparin compared to conventional 
aspirin therapy in arresting early progression in these acute 
ischemic states was not associated with enhanced culprit lesion 
morphology or severity at arteriography after treatment. 


845 I ARN ee Bea Se 
Risk of Adverse Outcome in Patients Admitted to the 
Coronary Care Unit with Suspected Unstable Angina 
Pectoris 

lan Wilcox, S. Ben Freedman, Robyn J. McCredie, Grant S. 
Carter, David T. Kelly, and Phillip J. Harris 


We classified 196 patients with suspected unstable angina as 
having either definite unstable angina (n = 113) or suspected 
unstable angina (n = 83) within 24 hours of admission to the 
coronary care unit. Our classification, based mainly on pa- 
tients’ history, description of chest pain and electrocardiogram, 
identified a substantial group of patients at low risk of serious 
adverse events. 


849 
ic and Echocardiographic Assessment of 


‘Morton J. Kern, Anthony Pearson, Robert Woodruff, 
Ubeydullah Deligonul, Michel Vandormael, and 
- Arthur Labovitz 
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What are the effects of diltiazem in patients undergoing angio- 
plasty of the left anterior descending coronary artery? We 
studied 17 such patients and found that time to ischemia in- 
creased and LV ejection decreased from 51 + 7 to 41 + 12% 
(p <0.005) during control ischemia, but decreased less after 
diltiazem (54 + 12 to 47 + 14%, difference not significant). 
We report other data supporting the use of diltiazem as a 
beneficial adjunct during PTCA. 


Effects of Left Ventricular Preload and Afterioad on 
Ascending Aortic Blood Velocity and Acceleration in 
Ceronary Artery Disease 

John B. Bedotto, Eric J. Eichhorn, and Paul A. Grayburn 

In 16 patients referred for cardiac catheterization, we per- 
formed simultaneous left ventricular micromanometer pres- 
sure measurements, 2-dimensional echocardiography and con- 
tinuous-wave: suprasternal notch Doppler studies before and. 
after preload augmentation with saline, and afterload reduc- 
tion with nitroprusside plus saline. Even a modest increase in 
preload or decrease in afterload increases peak velocity, the 
velocity time integral and mean acceleration; these data have _ 
important clinical implications regarding the application of 
Doppler aortic flow indexes in the assessment of LV function. 


860 sitar ee en 
Positron Emission Tomography Using Fluorine-18 Bt 
Deoxyglucose in Evaluation of Coronary Artery Bypass 
Grafting 
Nagara Tamaki, Yoshiharu Yonekura, Keiji Yamashita, Hideo 

Saji, Yasuhiro Magata, Michio Senda, Yutaka Konishi, Kazüo 
Hirata, Toshihiko Ban, and Junji Konishi 


We performed positron emission tomography using fluorine-18 
deoxyglucose before and 1 month after coronary artery bypass: 
grafting in 22 patients with coronary artery disease. Our re 
sults indicate that metabolic imaging is useful for predicting ` 
the response to CABG. Improvement in metabolic abnormali- =, 
ty was associated with improvement in regional function after ` 

surgery. 


























GOO E 
Effects of High Resistance Training in Coronary Artery | 
Disease 
Linda E. Crozier Ghilarducci, Robert G. Holly, and 
Ezra A. Amsterdam 












Should resistive activity for cardiac patients continue to. be 
discouraged? We assessed the safety and efficacy of a: 10-week | 
strength training program at 80% of maximal voluntary con- 
traction in 9 stable, aerobically trained cardiac patients. Resis- 
tive training at 80% maximum voluntary contraction appears l 
to be safe and efficacious i in these- Patients. ; 








871 

Quantitative Comparison of Thallium-201 Scintigraphy 
Following Exercise and Dipyridamole 

Shalendra Kumar Varma, Denny D. Watson, and 

George A. Beller 


We undertook a segment-by-segment quantitative analysis of 
regional uptake and washout of thallium-201 after dipyrida- 
mole and exercise testing performed 2.5 + 1.0 weeks apart in 
21 patients with chest pain. There was agreement between 87% 
of segment pairs when each was classified as either normal or 
abnormal. Dipyridamole-thallium-201 imaging can be used 
¿instead of exercise stress scintigraphy, and the detection and 
> prediction of extent of coronary artery disease will be 
“comparable. 


878 

Impact of Late Coronary Artery Reperfusion on Left 

Ventricular Function One Month After Acute 

Myocardial Infarction (Results from the ISAM Study) 
-Rolf Schröder, Karl-Ludwig Neuhaus, Thomas Linderer, 

Thomas Briggemann, Ulrich Tebbe, and Karl Wegscheider 


_ Three hundred sixty-eight patients who had a maximum peak 
in serum creatine kinase-MB time-activity curve >15 hours 
after onset of infarction symptoms were studied, with angiog- 
raphy performed 1 month after the event. Our data confirm 


“that late reperfusion of an infarct-related artery has a potential 


impact on preservation of left ventricular function—and em- 
| phasize the importance of restoring adequate coronary blood 
_ © flow beyond the time when actual salvage of ischemic myocar- 
dium can be expected. 


sss eg ee 

Hyperglycemia and Prognosis of Acute Myocardial 
-Infarction in Patients Without Diabetes Mellitus 

-Giorgio Bellodi, Valeria Manicardi, Vincenzo Malavasi, 


-Leonarda Veneri, Giustino Bernini, Paolo Bossini, Salvatore 


_. Distefano, Gabriele Magnanini, Luigi Muratori, Gianni Rossi, 
| -and Anna Zuarini 


Ts hyperglycemia an important prognostic factor for heart fail- 
. üre in nondiabetic patients with acute myocardial infarction? 


| We assessed its value in 330 nondiabetic patients and found 


that hyperglycemia was related to all 3 major determinants of 
mortality identified by multiple regression analysis—cardio- 
` < genic shock, anterior infarct site and age, although it was espe- 
cially a correlate of heart failure. 


MO er 
- Long-Term Prognosis of Transient Acute Myocardial 
Ischemia at Rest 
ilva Severi, Claudio Michelassi, Enrico Orsini, 
Paolo Marraccini, and Antonio.L’Abbate 


Ina group of 639 patients with documented ischemia at rest, 
he likelihood of death in the 10-year follow-up was 28% for all 
patients and 20% for cardiac deaths only. Long-term prognosis 
of patients with ischemia at rest is related to the severity of 
anatomic impairment, independent of the pattern of ST-T 
anges observed during the acute phase. 


ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


-Cardiorespiratory Response to Exercise in Congenital 
ony Reybrouck, Bavo Vanden Eynde, Monique Dumoulin, 
d Lucas G. Van der Hauwaert 


Is exercise testing useful in predicting the relative exercise 
bradycardia, or the degree of exercise intolerance, in patients 
with congenital complete atrioventricular block? In 8 patients 
aged 8 to 17 years, oxygen uptake during exercise was signifi 
cantly lower in patients than in normal control subjects, which ` 
suggests inadequate hemodynamic and metabolic adjustments 
to the relative exercise bradycardia. 4 


Gioia Turitto, Egidio Zanchi, Angela Maddaluna, Adalberto. 
Pellegrini, Anna Lisa Risa, and Pier Luigi Prati 


Of 60 patients showing spontaneous ischemic attacks with ST- 
segment depression during ambulatory electrocardiography in 
whom ventricular arrhythmias associated with transient myo- 
cardial ischemia were noted, 10 developed ventricular arrhyth- 
mias during 26 of 92 ischemic attacks, while 50 patients did ` 
not. In patients with spontaneous angina, ventricular arrhyth- = 
mias may accompany recurrent, prolonged and symptomatic | 
ischemic attacks with ST-segment depression; ischemia phase 
arrhythmias show a greater frequency, duration and malignan- 
cy with respect to recovery phase arrhythmias. 


MISCELLANEOUS 


905 na ee 
Effect of Blood Pressure and Afterload on Doppler = 
Echocardiographic Measurements of Left Ventricular _ 
Systolic Function in Human Sub 


ubjects 
Michael R. Harrison, G. Dennis Clifton, Martin R. Berk, and 
Anthony N. DeMaria, with the technical assistance of 
Annette Cater and Donna Burns 


With 14 normal volunteers, we studied the influence of loading 
conditions, particularly afterload, on Doppler measurements. 
Continuous wave Doppler and echocardiography were per- 
formed from the suprasternal notch both at baseline and dur- 
ing controlled infusion of methoxamine. We found a signifi- 
cant inverse relation between afterload, as measured by blood 
pressure and left ventricular wall stress, and both velocity and 
acceleration of aortic blood flow. This relation should be con- 
sidered when using serial determinations of these Doppler-de- 
rived parameters. 


909 ane ee 
Modes of Death and Types of Cardiac Disease in 
Opiate Addicts: Analysis of 168 Necropsy Cases 
Frederick A. Dressler and William C. Roberts 


We studied 168 opiate addicts at necropsy to determine modes 
of death and types of cardiac abnormalities. Only 7 of the 
hearts were normal; infective endocarditis was the most com- 
mon finding (48%), and there was a broad range of other car- 
diac abnormalities present, including cardiomegaly, coronary 
artery disease and acquired valvular heart disease. 


921 
Influence of Temporal Smoothing on 
Left Ventricular Function by Gated Blood Pool 


y 
Robert 0. Bonow, Stephen L. Bacharach, Cynthia Crawford- 
Green, and Michael V. Green 
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\e-activity curves in 3 groups: nor- 
coronary artery disease and pa- 
cardiomyopathy. Each study was then 
-7- and 9-point temporal smoothing. 
emporal smoo' may result in significant systematic er- 
‘ors in computation of indexes of LV systolic and diastolic 
function, specially i in data with poor temporal resolution. 


Slope 

Peter M. Okin and Paul Kligfield 

We tested the accuracy of computer-measured ST-segment 
deviation ‘and ST/HR slope algorithms in patients exercised 
with either a CASE 12 or a Q5000 system. A high correlation 
< was noted between the computerized ST-segment measure- 
ments and the averaged manual measurements (r = 0.996 to 
0.998). Each on-line program determined ST/HR slopes in 
complete accordance with standard calculations. This excellent 
agreement should lead to more widespread use of this tech- 
nique in the evaluation of patients with known or suspected 
coronary artery disease. 
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Lalit Chouhan, Ronald J. Krone, Andrew Keller, and 
Gail Eisenkramer 


940 
Hematocrit Changes After Uncomplicated 
Percutaneous Transluminal 


Steven J. Phillips, Mark Spector, Robert H. Zeff, James R. 
Skinner, Richard S. Toon, André Grignon, and 
Chamnahn Kongtahworn 
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John $. Child, and Jan H. Tillisch 


DAG oh ee ee 
inefficacy of Daily Single Bolus Dose Atrial Natriuretic 
Factor in Chronic Congestive Heart Failure 

lan G. Crozier, A. Mark Richards, M. Gary Nicholls, 

Eric A. Espiner, and Hamid Ikram = > 


950 

aa a sini thas wiplicancs 
of Left Atrial Vegetations in Active Infective 
Endocarditis 


Jerome H. Kim, Alan Wiseman, Joseph Kislo, z and 
David T. Durack 


953 
Application of Flow Measurements by Magnetic 
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CARDIZEM :...::: 


diltiazem HCl/Marion 


FOR THE BENEFITS OF 
ANTIANGINAL PROTECTION AND SAFETY 


BRIEF SUMMARY 


CARDIZEM” 
(diltiazem HCI) Tablets 


CONTRAINDICATIONS 

CARDIZEM is contraindicated in (1) patients with sick sinus 
syndrome except in the presence of a functioning ventricular 
pacemaker, (2) patients with second- or third-degree AV block 
except in the presence of a functioning ventricular pacemaker, 
(3) patients with hypotension (less than 90 mm Hg systolic), 
(4) patients who have demonstrated hypersensitivity to the 
drug, and (5) patients with acute myocardial infarction and 
pulmonary congestion documented by x-ray on admission. 


gra 
Cardiac Conduction. CARDIZEM prolongs AV node refrac- 
tory periods without significantly prolonging sinus node 
recovery time, except in patients with sick sinus syndrome 
This effect may rarely result in abnormally slow heart rates 
(particularly in patients with sick sinus syndrome) or sec- 
ond- or third-degree AV block (six of 1,243 patients for 
0.48%). Concomitant use of diltiazem with beta-blockers 
or digitalis may result in additive effects on cardiac con- 
duction. A patient with Prinzmetal’s angina developed 
periods of asystole (2 to 5 seconds) after a single dose of 
60 mg of diltiazem 

2. Congestive Heart Failure. Although diltiazem has a neg- 
ative inotropic effect in isolated animal tissue preparations, 
hemodynamic studies in humans with normal ventricular 
function have not shown a reduction in cardiac index nor 
consistent negative effects on contractility (dp/dt). Experi- 
ence with the use of CARDIZEM alone or in combination 
with beta-blockers in patients with impaired ventricular 
function is very limited. Caution should be exercised when 
using the drug in such patients. 

3. Hypotension. Decreases in blood pressure associated 
with CARDIZEM therapy may occasionally result in symp- 
tomatic hypotension 

4. Acute Hepatic Injury. In rare instances, significant eleva- 
tions in enzymes such as alkaline phosphatase, LDH, 
SGOT, SGPT, and other phenomena consistent with acute 
hepatic injury have been noted, These reactions have been 
reversible upon discontinuation of drug therapy. The rela- 
tionship to CARDIZEM is uncertain in most cases, but 
probable in some. (See PRECAUTIONS. ) 


PRECAUTIONS 

General. CARDIZEM (diltiazem hydrochloride) is exten- 
sively metabolized by the liver and excreted by the kidneys and 
in bile. As with any drug given over prolonged periods, labora- 
tory parameters should be monitored at regular intervals. The 
drug should be used with caution in patients with impaired 
renal or hepatic function. In subacute and chronic dog and rat 
studies designed to produce toxicity, high doses of diltiazem 
were associated with hepatic damage. In special subacute 
hepatic studies, oral doses of 125 mg/kg and higher in rats 
were associated with histological changes in the liver which 
were reversible when the drug was discontinued. In dogs, 
doses of 20 mg/kg were also associated with hepatic 
changes; however, these changes were reversible with contin- 
ued dosing 

Dermatological events (see ADVERSE REACTIONS section) 
may be transient and may disappear despite continued use of 
CARDIZEM. However, skin eruptions progressing to erythema 
multiforme and/or exfoliative dermatitis have also been infre- 
quently reported. Should a dermatologic reaction persist, the 
drug should be discontinued 


60 mg 90 mg 


Drug Interaction. Due to the potential for additive effects, 
caution and careful titration are warrantec in patients receiving 
CARDIZEM concomitantly with any agents known to affect 
cardiac contractility and/or conduction. (See WARNINGS. ) 

Pharmacologic studies indicate that there may be additive 
effects in prolonging AV conduction when using beta-blockers 
or digitalis concomitantly with CARDIZEM. (See WARNINGS ) 

As with all drugs, care should be exercised when treating 
patients with multiple medications. CARDIZEM undergoes bio- 
transformation by cytochrome P-450 mixed function oxidase 
Coadministration of CARDIZEM with other agents which follow 
the same route of biotransformation may result in the competi- 
tive inhibition of metabolism. Dosages of similarly metabo- 
lized drugs, particularly those of low therapeutic ratio or in 
patients with renal and/or hepatic impairment, may require 
adjustment when starting or stopping concomitantly adminis- 
tered CARDIZEM to maintain optimum therapeutic blood 
levels 

Beta-blockers: Controlled and uncontrolled domestic stud- 
ies suggest that concomitant use of CARDIZEM and beta- 
blockers or digitalis is usually well tolerated. Available data are 
not sufficient, however, to predict the effects of concomitant 
treatment, particularly in patients with left ventricular dysfunc- 
tion or cardiac conduction abnormalities 

Administration of CARDIZEM (diltiazem hydrochloride) 
concomitantly with propranolol in five normal volunteers re- 
sulted in increased propranolol levels in all subjects and bio- 
availability of propranolol was increased approximately 50% 
if combination therapy is initiated or withdrawn in conjunction 
with propranolol, an adjustment in the propranolol dose may 
be warranted. (See WARNINGS. ) 

Cimetidine: A study in six healthy volunteers has shown a 
significant increase in peak diltiazem plasma levels (58%) 
and area-under-the-curve (53%) after a 1-week course of 
cimetidine at 1,200 mg per day and diltiazem 60 mg per day. 
Ranitidine produced smaller, nonsignificant increases. The 
effect may be mediated by cimetidine’s known inhibition of 
hepatic cytochrome P-450, the enzyme system probably re- 
sponsible for the first-pass metabolism of diltiazem. Patients 
currently receiving diltiazem therapy should be carefully mon- 
itored for a change in pharmacological effect when initiating 
and discontinuing therapy with cimetidine. An adjustment in 
the diltiazem dose may be warranted 

Digitalis: Administration of CARDIZEM with digoxin in 24 
healthy male subjects increased plasma digoxin concentra- 
tions approximately 20%. Another investigator found no in- 
crease in digoxin levels in 12 patients with coronary artery 
disease. Since there have been conflicting results regarding 
the effect of digoxin levels, it is recommended that digoxin 
levels be monitored when initiating, adjusting, and discontin- 
uing CARDIZEM therapy to avoid possible over- or under- 
digitalization. (See WARNINGS. ) 

Anesthetics: The depression of cardiac contractility, con- 
ductivity, and automaticity as well as the vascular dilation 
associated with anesthetics may be potentiated by calcium 
channel blockers. When used concomitantly, anesthetics and 
calcium blockers should be titrated carefully 

Carcinogenesis, Mutagenesis, Impairment of Fertility. A 
24-month study in rats and a 21 -month study in mice showed 
no evidence of carcinogenicity. There was also no mutagenic 
response in in vitro bacterial tests. No intrinsic effect on fertility 
wos observed in rats. 

Pregnancy. Category C. Reproduction studies have been 
conducted in mice, rats, and rabbits. Administration of doses 
ranging from five to ten times greater (on a mg/kg basis) than 
the daily recommended therapeutic dose has resulted in 


120 mg 


embryo and fetal lethality. These doses, in some studies, have 
been reported to cause skeletal abnormalities. In the perinatal/ 
postnatal studies, there was some reduction in early individual 
pup weights and survival rates. There was an increased inci- 
dence of stillbirths at doses of 20 times the human dose or 
greater 

There are no well-controlled studies in pregnant women; 
therefore, use CARDIZEM in pregnant women only if the poten- 
tial benefit justifies the potential risk to the fetus 

Nursing Mothers. Diltiazem is excreted in human milk 
One report suggests that concentrations in breast milk may 
approximate serum levels. If use of CARDIZEM is deemed 
essential, an alternative method of infant feeding should be 
instituted 

Pediatric Use. Safety and effectiveness in children have not 
been established 


ADVERSE REACTIONS 

Serious adverse reactions have been rare in studies carried 
out to date, but it should be recognized that patients with 
impaired ventricular function and cardiac conduction abnor- 
malities have usually been excluded. 

In domestic placebo-controlled trials, the incidence of ad- 
verse reactions reported during CARDIZEM therapy was not 
greater than that reported during placebo therapy. 

The following represent occurrences observed in clinical 
studies which can be at least reasonably associated with the 
pharmacology of calcium influx inhibition. In many cases, the 
relationship to CARDIZEM has not been established. The most 
common occurrences as well as their frequency of presenta- 
tion are: edema (2.4%), headache (2.1%), nausea (1.9%), 
dizziness (1.5%), rash (1.3%), asthenia (1.2%). In addi- 
tion, the following events were reported infrequently (less than 
1%) 

Cardiovascular: Angina, arrhythmia, AV block (first de- 
gree), AV block (second or third degree — 
see conduction warning), bradycardia, 
congestive heart failure, flushing, hypo- 
tension, palpitations, syncope. 

Nervous System: Amnesia, depression, gait abnormality, 
hallucinations, insomnia, nervousness, 
paresthesia, personality change, somno- 
lence, tinnitus, tremor 

Gastrointestinal: Anorexia, constipation, diarrhea, dysgeu- 
sia, dyspepsia, mild elevations of alkaline 
phosphatase, SGOT, SGPT, and LDH (see 
hepatic warnings), vomiting, weight in- 


crease 

Dermatologic:  Petechiae, pruritus, photosensitivity, urti- 
caria 

Other: Amblyopia, CPK elevation, dyspnea, epi- 


staxis, eye irritation, hyperglycemia, nasal 
congestion, nocturia, osteoarticular pain, 
polyuria, sexual difficulties. 

The following postmarketing events have been reported 
infrequently in patients receiving CARDIZEM: alopecia, gingi- 
val hyperplasia, erythema multiforme, and leukopenia, How- 
ever, a definitive cause and effect between these events and 
CARDIZEM therapy is yet to be established 
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The way most arrhythmia moni- 
toring systems work leaves a lot to 
be desired. By capturing and storing 
only arrhythmic events, important 
ECG information before 
and after the event is not 
available—forcing the 
D clinician to make critical 
h decisions based only upon . 
isolated arrhythmias. — 
| Now, there is an alter- 
ie epnd | native. It’s the SpaceLabs®” 
Full-Disclosure Arrhythmia 
System which provides 
full-disclosure multiple- 
lead ECG, without the need for a 
separate Holter recording. 
This system collects data 
directly from SpaceLabs PCMS 
patient monitors via SpaceLabs 
Ethernet™ communications net- 
work and is fully compatible with 
SpaceLabs PCMS telemetry. 
By offering complete retrospec- 
tive data, full-disclosure arrhythmia 
serves as a powerful tool designed to 
assist you in making more informed, 
confident diagnoses and treatment 
decisions. Risks due to partial or 
incomplete information are elimi- 
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all monitored parameters, such as 
blood pressures, respiration and 
end tidal CO, can be provided to 
correlate arrhythmic events with 
other physiological effects. 
Why risk knowing anything less? 


Gt) SpaceLabs | 


The Clinical Information Company 



















































SpaceLabs, Inc., 4200 150th Avenue, N.E. 
PO, Box 97013, Redmond, WA 98073-9713 
(206) 882-3700 

Distribution worldwide: Offices in Munich, 
London, Paris, Sydney © 1989, Spacel abs, Ine. 


Ethernet is a trademark of Xerox Corporation: | 





eri 


of | 
Cardiology 


CORONARY ARTERY DISEASE 

535 —— -n i a 
Influence of Beta-Adrenergic Blockade Defined by Time Series 
Analysis on Circadian Variation of Heart Rate and Ambulatory 
Myocardial Ischemia : ; 
Charles R. Lambert, Kevin Coy, Greg Imperi, and Carl J. Pepine © 


The circadian variation of ambulatory ischemia and heart rate was studied 
in 9 patients with severe coronary artery disease using time series analysis 
techniques. During placebo administration, heart rate and ischemia are 
tightly coupled and exhibit marked circadian variation. After 8;-adrener- 
gic blockade with metoprolol, circadian variation is lost, the spectral 
characteristics of remaining ischemia are altered and coupling of ischemia 
and heart rate is not present. 


840 
Urokinase Plus Heparin Versus Aspirin in Unstable Angina and 
Non-Q-Wave Myocardial Infarction 

Theodore L. Schreiber, Gregory Macina, Ann McNulty, Paul Bunnell, 
Marie Kikel, David H. Miller, Richard B. Devereux, Richard Tenney, 
Michael Cowley, and Benjamin Zola 





To assess the value and safety of thrombolytic therapy in unstable angina 

and non-Q-wave myocardial infarction, 25 such patients were randomized 
to receive either aspirin, 325 mg daily, or urokinase (3.0 X 10° U intrave- 
nously over 30 minutes) followed by heparin. The incidence of intractable ` 
ischemia requiring mechanical intervention, new myocardial infarction or 
death was determined over 7 days. In the first 24 hours, 7 of 13 aspirin 
versus 1 of 12 urokinase patients demonstrated ischemia progression (p 
<0.05). By 7 days, progression occurred in 8 of 13 aspirin vs 3 of 12 
urokinase patients (p = 0.18). The apparent benefit of urokinase followed : 

by heparin compared to conventional aspirin therapy in arresting early 
progression in these acute ischemic states was not associated with en- 
hanced culprit lesion morphology or severity at posttreatment arteriogra- _ 
phy. : ae Š eae 
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Announcing a new, proven way to 
reduce the risk of coronary heart disease 


LOPID is now indicated for reducing the risk of coronary heart 
disease (CHD) in Type IIb patients with low HDL*-cholesterol, 
elevated LDL*-cholesterol and triglycerides, and who have had an 
inadequate response to weight loss, diet, exercise, and other 
pharmacologic agents such as bile acid sequestrants and nicotinic 
acid. The potential benefit of gemfibrozil in treating Type lla 
patients who have elevations of LDL-cholesterol as their only lipid 
abnormality is not likely to outweigh the risks. 


lO [D | D (gemfibrozil) 
OPENS THE WAY... 


TO REDUCE THE RISK OF CHD 


“HDL, high-density lipoprotein: L1 


PARKE-DAVIS 





iasma triglycerides a 
reductions in 
olesterol were observed for the Lopid treatment group as 
heterogeneous, especially among different Fredrickson 
~ Type! th serum non-HDL-cholesterol of over 200 mg/dL and 
no pr Í Over the five-year study period, the Lopid 
group experienced nts (sudden cardiac deaths 
plus fatal and nonfatal myoc compared to placebo There was a 37% 
reduction in nonfatal myocardial duction in the incidence of serious 
coronary events occurred in Type llb pati ations of both LDL-cholesterol 
and total plasma triglycerides. This subgroup of Type Hib gemfibrozil group patients had a 
tower mean HDL-cholesterol level at baseline than the Type lla subgroup that had elevations 
of LDL-cholesterol and normal plasma triglycerides. The mean increase in HDL-cholesterol 
among the Type lib patients in this study was 12.6% compared to placebo. Itis not clear to 
what extent the findings of the Helsinki Heart Study can be extrapolated to other segments of 
the dyslipidemic population not studied or to other lipid-altering drugs 

The mechanism of action has not been definitively established. in man, Lopid has been 
shown to inhibit peripheral lipolysis and to decrease the hepatic extraction of free fatty acids. 
thus reducing hepatic triglyceride production. Lopid inhibits synthesis and increases clear- 
ance of VLDL carrier apolipoprotein B, leading to a decrease In VLDL production 

Animal studies suggest that Lopid may. iN addition to elevating HDL-cholesterot. reduce 
incorporation of long-chain fatty acids into newly formed triglycerides. accelerate turnover 
and removal of cholestero! from the liver, and increase excretion of cholesterol in the feces. 

Lopid is well absorbed from the gastrointestinal tract after oral administration. Peak 
plasma levels occur in one to two hours with a plasma half-life of 1.5 hours following multiple 
doses. Piasma levels appear proportional to dose and do not demonstrate accumulation 
across time following multiple doses. 

Lopid mainly undergoes oxidation of a ring methyl group to successively form a hydroxy- 
methyl anda carboxy! metabolite. Approximately seventy percent of the administered 
human dose is excreted in the urine. mostly as the glucuronide conjugate, with fess than 2% 
excreted as unchanged gemfibrozil. Six percent of the dose is accounted for in the feces. 

So SNTAINDICATIONS. 1, Hepatic or severe renal dysfunction, including primary bikary 
cirrhosis. 

2. Preexisting gallbladder disease (See WARNINGS) 

3. Hypersensitivity to gemfibrozil 
WARNINGS. 1. Because of chemical. pharmacological. and clinical simdanties between 
gemfibrozil and clofibrate, the adverse findings with clofibrate in two large clinical studies 
may also apply to gemfibrozil. in the first of those studies, the Coronary Drug Project. 1000 
subjects with previous myocardial infarction were treated for five years with Ciolibrate. There 

_ was no difference in mortality between the clofibrate-treated subjects and 3000 placebo- 
treated subjects. but twice as many clofibrate-treated subjects developed cholelithiasis and 
cholecystitis requiring surgery. In the o ducted by the World Health Organi- 
zation (WHO), 5000 subjects without known coronary heart disease were treated wih 
clofibrate for five years and followed one year beyond. There was a statistically significant. 
29%, higher total mortatity in the clofibrate-treated than ina comparabie placebo-treated 
contral group. The excess mortality was due to a 33% increase iN noncardiovascular causes. 
including malignancy. post-cholecysteciomy complications, and pancreatitis The higher risk 
of clofibrate-treated subjects for gallbladder disease was confirmed. 

During the Helsinki Heart Study and in the 132 year follow-up period since the trial was 
completed, mortality from any cause was 59 (2.9%) in the Lopid group and 55 (2.7%) :in the 
placebo group. Mortality from any cause during the double-blind portion of the study was 44 
deaths in the Lopid group and 43 in the placebo group. Because of the more limited size of 
the Helsinki Heart Study, this result is not statistically-significanty different from the 29% 
excess mortality seen in the clofibrate group in the separate WHO study. Noncoronary heart 
disease related mortality showed a 58% greater trend in the Lopid group (43 vs 27 patients 
in the placebo group, p=0.056) 

In the Helsinki Heart Study, the incidence of total malignancies discovered during the trial 
and in the 12 years since the trial was completed was 39 in the Lopid group and 29 inthe 
placebo group (difference not statistically significant). This includes 5 basal celi carcinomas 
inthe Lopid group anc none in the placebo group (p=0.06: historical data predicted an 
expected 4.7 cases in the placebo group). GI malignancies and deaths from malignancies 
were not statistically different between Lopid and placebo subgroups Follow-up of the 
Helsinki Heart Study participants will provide further information on cause-specific mortality 
and cancer morbidity 

2. Agalistone prevalence substudy of 450 Helsinki Heart Study participants showed a 
trend toward a greater prevalence of galistones during the study within the Lopid treatment 
group (7.5% vs 4.9% for the placebo group, a 55% excess for the gemfibrozil group). Atrend 
toward a greater incidence of gallbladder surgery was observed for the Lopid group (17 vs 
11 subjects, a 54% excess) This result did not differ statistically from the increased inci- 
dense of cholecystectomy observed in the WHO study in the group treated with clofibrate 
Both clofibrate and gemfibrozil may increase cholesterol excretion into the bile leading to 
cholelithiasis. If cholelithiasis is suspected, gallbladder studies are indicated. Lopid therapy 
should be discontinued if gallstones are found 

3 Since a reduction of mortality from coronary artery disease has not been demonstrated 
anc because liver and interstitial ceil testicular tumors were increased in rats, Lopid should 
be administered only to those patients described in the INDICATIONS AND USAGE section 
ita significant serum lipid response iS not obtained, Lopid should be discontinued 

4. Concomitant Anticoagu ants — Caution should be exercised when anticoagulants are 
given in conjunction with Lopid. The dosage of the anticoagulant shouid be reduced to 
maintain the prothrombin time at the desired level to prevent bieeding complications 
Frequent prothrombin determinations are advisable until it has been definitely determined 
that the prothrombin level has stabilized 

5, Concomitant therapy with Lopid and Mevacor” (lovastatin) has been associated with 
rhabdomyolysis, markedly e evated creatine kinase (CK) levels and myoglobinuria, leading 
in a high proportion of cases to acute renal failure. in most subjects who have had an 
unsatisfactory lipid response to either drug alone, the possible benefit of combined therapy 
with lovastatin and gemfibrozil does not outweigh the risks of severe myopathy. rhabdomyo- 
lysis, and acute renal failure (See Drug interactions). The use of fibrates alone, including 
Lopid, may occasionally be associated with myositis. Patients receiving Lopid and complain- 
ing of muscle pain, tenderness, or weakness should have prompt medical evaluation for 
myositis, including serum creatine kinase levei determination. if myositis is suspected or 
diagnosed, Lopid therapy should be withdrawn 

6 Cataracts ~-Subcapsulat bilateral cataracts occurred in 10%, and unilateral in 6.3% of 
male rats treated with gemfibrozil at 10 times the human dose. 

PRECAUTIONS. 1. Initial Therapy — Laboratory studies should be done to ascertain that 
the lipid levels are consistently abnormal. Before instituting Lopid therapy. every attempt 
should be made to control serum lipids with appropriate diet, exercise, weight loss in obese 
patients, and control of any medical problems such as diabetes mellitus and hypothyroidism 
that are contributing fo the lipid: abnormaiities. 

2. Continued Therapy~ Periodic determination of serum lipids should be obtained, and 
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3 Drug interactions —(A} Lovastatin: Rhabdomyol 
gemfibrozil and lovastatin therapy. tmay be seen as early as. 3 weeks afte ionat 
combined therapy grafter several months. in most subjects who have.hadian unsatisfactory 
ipid response to either drug alone, the possible benefit of com! ed therapy with lovastatin 
and gemfibrozil does not outweigh the risks of severe myopathy, rhabdormyolysig. and acute 
renal failure. There is. no assurance that periodic monitoring ot creatine kinase will prevent 
the occurrence of severe myopathy-and kidney damage. si 

(B) Anticoagulants: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGULANTS 
ARE GIVEN IN CONJUNCTION WITH LOPID. THE DOSAGE OF THE ANTICOAGULANT 
SHOULD BE REDUCED TO MAINTAIN THE PROTHROMBIN TIME AT THE DESIRED 
LEVEL TO PREVENT BLEEDING COMPLICATIONS. FREQUENT. PROTHROMBIN DETER: 
MINATIONS ARE ADVISABLE UNTIL IT HAS BEEN DEFINITELY DETERMINED THAT THE 
PROTHROMBIN LEVEL HAS STABILIZED. 

4 Carcinogenesis, Mutagenesis, Impairment ot Fertility—Long-term studies have 
been conducted in rats and mice at one and ten times the human dose. The incidence of 
benign liver nodules and liver carcinomas Was significantly increased in high dose male rats. 
The incidence of liver carcinomas increased also inlow dose males. but this increase was not 
statistically significant (p=0.1). In high dose female rats, there was â significant increase in $ 
the combined incidence of benign, and malignant liver neoplasms. in male and female mice, 
there were no statistically significant differences from controls in the incidence of liver tumors, 
but the doses tested were tower than those shown to be carcinogenic with other fibrates. 

Male rats had a dose-related and statistically significant increase of benign Leydig cell 
tumors at 1 and 10 times the human dose 

Electron microscopy studies have demonstrated a florid hepatic peroxisome proliferation” 
following Lopid administration to the male rat. An adequate study to test for peroxisome 
proliferation has not been done in humans but changes in peroxisome morphology have 
been observed. Peroxisome proliferation has been shown to occur in humans with either of 
two other drugs of the fibrate class when liver biopsies were compared before and after 
treatment in the same individual 

Administration of approximately three or ten times the human dose to male rats for 10 weeks 
resulted in a dose-related decrease of fertility. Subsequent studies demonstrated that this 
effect was reversed after a drug-free period of about eight weeks, and it was not transmitted 
to the offspring 

5, Pregnancy Category B— 
doses 3 and 9 times the human 
These studies have revealed no evidence of impaired fertility 
due to Lopid. Minor fetotoxicity was manifested by reduced bir 
dose levels. No significant malformations were found among al 
hitters of rats and 100 fetuses from 22 litters of rabbits 

There are no studies in pregnant women in view of the fact that Lopid is tumangenic in 
male and female rats, the use of Lopid in pregnancy should be reserved for those patients 
where the benefit clearly outweighs the possible risk to the patient or fetus, 

6 Nursing Mothers — Because of the potential for tumorigenicity shown for gemfibrozil in 
rais, a decision should be made whether to discontinue nursing OF discontinue the drug. 
taking into account the importance of the drug to the mother. 

7 Hematologic Changes — Mild hemoglobin, hematocrit and white blood cell decreases 
have been observed in occasional patients following initiation of Lopid therapy. However. 
these levels stabilize during long-term administration. Rarely, severe anemia. leukopenia. 
thrombocytopenia. and bone marrow hypoplasia have been reported. Therefore, periodic 
blood counts are recommended during the first 42 months of Lopid administration. 

8. Liver Function —Abnormal liver funchon tests have been observed occasionally dunng 
Lopid administration, :aciuding elevations of AST (SGOT), ALT (SGPT). LDH, bilirubin, and 
alkaline phosphatase These are usually reversible when Lopid is discontinued Theretore 
periodic liver function studies are recommended and Lopid therapy shouid be terminated f 
abnormalities persist. 

9. Use in Children — Safety and efficacy :n children have not been established 
ADVERSE REACTIONS. in the double-bind controlled phase of the Helsinki Heart Study. 
2046 patients received Lopid for up to 5 years in that study, the following adverse reactions 
were statistically more frequent in subjects inthe Lopid group (placebo incidence in paren- 
theses) gastrointestinal reactions, 34.2% (23.8%); dyspepsia, 10.5% (11.9%): abdominal 
pain, 98% (56%). acute appendicitis, 1.2% (0.6%), atrial fibrillation, 0.7% (0.1%) 

Adverse events reported by more than 1% of subjects. but without a significant difference 
between groups (placebo incidence in parentheses) were. diarrhea. 7.20% (6.5%), fatigu 
3.8% (3.5%). nausealvomiting, 2 5% (2.1%). eczema. 19% (1.2%): rash, 1 70% (1.3 
vertigo, 1.5% (1.3%). constipation. 7.496 (1.3%), headache, 1.2% {1 48%) 

Gallbladder surgery was performed n 0.9% of Lopid and 0.5% of placebo subjects, a 64% 
excess, which is not statistically different from the excess of galibiadder surgery observed 4 
the clofibrate compared to the placebo group of the WHO study. 

Nervous system and special senses adverse reactions were more common in the Lopid 
group. These included hypesthesia. paresthesias. and taste perversion. Other adverse 
reactions that were more common among Lopid treatment group subjects but where a 
causai relationship was not established include cataracts. peripheral vascular disease, and 
intracerebral hemorrhage 

From other studies # seems probable that Lopid is causally related to the occurrence of 
musculoskeletal symptoms (See WARNINGS). and to abnormal liver function tests and 
hematologic changes (See PRECAUTIONS) 

Reports of viral and bacterial infections {common cold, cough. unnary tract infections) were 
more common in gemfibrozil treated patients in other controlled chnical trials of 805 patents. 
Additional adverse reactions that have been reported for gemfibrozil are listed below by 
system. These are categorized according to whether a causal relationship to treatment with 

Lopid is probabie or not established. 

CAUSAL RELATIONSHIP PROBABLE. Gastrointestinal: cholestatic jaundice: Central Ner- 
vous System: dizziness, somnolence, paresthesia, peripheral neuritis, decreased libido, 
depression, headache, Eye: blurred vision, Genitourinary: impotence, Musculoskeletal 
myopathy, myasthenia, myalgia, painful extremities, arthralgia, synovitis, rhabdomyolysis 
(see WARNINGS and Drug Interactions under PRECAUTIONS), Ciinical Laboratory: 
increased creatine phosphokinase. increased bilirubin, increased liver transaminases (AST 
[SGOT]. ALT {SGPT}. increased alkalne phosphatase, Hematopoietic: anemia. leukopenia, 
bone marrow hypoplasia. eosinophilia: Immunologie. angioedema, laryngeal edema, 
urticaria; Integumentary exfoliative dermatitis. rash. dermatitis, pruritus. 

CAUSAL RELATIONSHIP NOT ESTABLISHED. General: weight lass: Cardiac: extrasystoles, 
Gastrointestinal: pancreatitis, hepatoma, colitis; Central Nervous System: contusion, convul- 
sions, syncope; Eye: retinal edema: Genitourinary; decreased male fertility; Clinica’ Labora- 
tory: positive antinuclear antibody, Hematopoietic. thrombocytopenia; immunologic: 
anaphylaxis, Lupus-like syndrome, vasculitis, integumentary, alopecia. A 

DOSAGE AND ADMINISTRATION. The recommended dose for adults is 1200mg adminis 
tered in two divided doses 30 minutes before the morning and evening meal. 
MANAGEMENT OF OVERDOSE. While there has been no reported case ot overdosage. 
symptomatic supportive measures should be taken should it occur 
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Caution — Federal faw prohibits dispensing without prescription: < 


months of therap Se 
has occured with combined 


the dri withde 
D 


s have been performed in the rat at 
d 67 times the human dose. 
harm to the fetus 


0737G0i2. 


PARKE-DAVIS 
Div of Warner- Lambert Co. 


Morris Plains; NJ 07950 P4289) 





Cardiol At your fingertips— a 
Bere the core of information you need to stay curren: 


a e a Cardiolo 1989 
NUAS William C. Roberts, MD, Editor 


_CHARIES | aD Dean T. Mason, MD; James T. Willerson, MD; Charles E. Rackley, i 
A oe it is MD Thomas P. Graham, Jr MD; Robert B. Karp, MD OS 





S ey, Six leaders in cardiology have reviewed the literature of 1988, : : 
BU EERORTHS summarizing 824 articles to save you time and keep you up-to-date; 
Jė a concise, readable, multidisciplinary approach e liberal use of illustrations and tables condense 

to clinical medicine and applied research based valuable information for you to put into 
on a thorough search of the year's literature practice managing cardiovascular disease 
__ ® a practical approach to a complicated and : 
fast-moving subject, designed to be read and June 1989 409-90188-1 Est, 450 pp. $65.00 
used daily che 
Ee 4 Special discount offer: Ae 
-| Gg Butterworths You may place a standing order to receive each edition of Cardiology 
abe on 30-day approval. You will receive a discount on the price of this- 
o a aR edition and on future editions. Each annual edition will automatically 
s be shipped to you. 1989 edition discount price is $60.00. z 


-| CALL TOLL-FREE You may order Cardiology 1989 individually at the full price of $65.00; 
| 1-800-366-BOOK you may order any of the previous editions individually, as well— Call 
Ask for Operator Y for prices. : 
8:30 - 4:30 EST. Mon. - Eri. U.S. funds only. Prices subject to change, AJC 


























CARDIOLOGIST 


(Non Invasive) 


University trained, board certified/board eligible, non invasive Cardiologist for immediate association 

-with a young established cardiologist in a progressive multisubspecialty internal medicine group prac- 
tice located in central Pennsylvania. Group consists of twelve university trained board certified sub- 

- Specialists. Competitive salary and excellent fringe benefit package including professional liability 
insurance offered. Will hold position until July 1990 for well qualified applicant. 


| Located within five hours of New York, four hours of Philadelphia, three hours of Washington, three 
hours of Pittsburgh and five hours of Cleveland this pleasant community is home of The Pennsylvania 
` State University. Excellent outdoor recreational activities in immediate area including hunting, fishing, 
and _ skiing. 
This unique opportunity offers a cosmopolitan atmosphere in a safe, clean, family oriented university 
town setting. 


Please reply with curriculum vitae to: 
John J. McQueary, Administrator 
Internal Medicine Associates of State College, P.C. 


3901 South Atherton Street 
State College, PA 16801 


(814) 466-7911 





Risk of Adverse Outcome in Patients Admitted to the Coronary 
Care Unit with Suspected Unstable Angina Pectoris | 

lan Wilcox, $. Ben Freedman, Robyn J. McCredie, Grant S. Carter, 

David T. Kelly, and Phillip J. Harris 


We classified 196 patients with suspected unstable angina as having either 
definite unstable angina (113 patients) or suspected unstable angina (83 
patients) within 24 hours of admission to the coronary care unit. A clinical 
assessment based primarily on the patients’ history at presentation was 
used. During a mean follow-up period of 4.2 months (98% complete), 9 
patients had a nonfatal myocardial infarction, 6 died and 22 were readmit- 
ted with definite unstable angina. The incidence of death or nonfatal 
myocardial infarction was significantly lower in patients with suspected 
unstable angina (1 of 83 vs 14 of 113, p <0.005), and fewer patients with 
suspected unstable angina were readmitted with a recurrence of definite 
unstable angina (1 of 83 vs 21 of 113, p <0.001). A simple clinical 
classification of patients into suspected or definite unstable angina per- 
formed within 24 hours of admission to the coronary care unit identified a 
substantial group at low risk of serious adverse events. 


B49 rr 
Hemodynamic and Echocardiographic Assessment of the 
Effects of Diltiazem During Transient Occlusion of the Left 
Anterior Descending Coronary Artery During Percutaneous 
Transluminal Coronary Angioplasty 

Morton J. Kern, Anthony Pearson, Robert Woodruff, Ubeydullah 
Deligonul, Michel Vandormael, and Arthur Labovitz 


We studied the effects of diltiazem in 17 patients undergoing 1-vessel left 
anterior descending percutaneous transluminal coronary angioplasty 
(PTCA). After hemodynamic, echocardiographic and electrocardio- 
graphic data were obtained during the control ischemic periods, diltiazem 
(10 mg intravenous bolus with 500 ug /min infusion) was given and 15 
minutes later ischemia was reinduced. Diltiazem reduced mean arterial 
pressure and heart rate-pressure product (p <0.05) with no change in 
heart rate, pulmonary pressures or coronary blood flow at rest. After 
diltiazem, times to ischemia-induced 1.0 mm ST-segment elevation and 
new left ventricular wall motion abnormalities were prolonged without 
significant augmentation of great cardiac vein flow during coronary occlu- 
sion. Left ventricular ejection fraction decreased from 51+7to41 + 12% 
(p <0.05) during control ischemia, but declined less after diltiazem (54 + 
12 to 47 + 14%, difference not significant; 47 + 14 vs 41 + 12%, p <0.01). 
Diltiazem can attenuate, but not abolish, some of the effects of myocardial 
ischemia during transient coronary artery occlusion. These data support 
the use of diltiazem as a beneficial adjunct during PTCA. 
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Ong Viti AO ee 
Effects of Left Ventricular Preload and Afterload on Ascending 
Aortic Blood Velocity and Acceleration in Coronary Artery 
Disease 

John B. Bedotto, Eric J. Eichhorn, and Paul A. Grayburn 


Doppler measurements of the velocity and acceleration of ascending aortic 
blood flow have been used as indexes of left ventricular (LV) contractility. 
Conflicting data exist, however, on the influence of LV loading conditions 
on these measurements. Therefore, simultaneous LV micromanometer 
pressure measurements, 2-dimensional echocardiography and continuous- 
wave suprasternal notch Doppler studies were performed before and after 
preload augmentation with saline or afterload reduction with nitroprus- 
side plus saline in 16 patients referred for cardiac catheterization. This 
study demonstrates that even a modest increase in preload or decrease in 
afterload increases peak velocity, the velocity time integral and mean 
acceleration. These data have important clinical implications regarding 
the application of Doppler aortic flow indexes in the assessment of LV 
function. 


860 

Positron Emission Tomography Using Fluorine-18 
Deoxyglucose in Evaluation of Coronary Artery Bypass 
Grafting 

Nagara Tamaki, Yoshiharu Yonekura, Keiji Yamashita, Hideo Saji, 
Yasuhiro Magata, Michio Senda, Yutaka Konishi, Kazuo Hirata, 
Toshihiko Ban, and Junji Konishi 


We performed positron emission tomography using fluorine-18 deoxyglu- 
cose (FDG) before and 1 month after coronary artery bypass grafting in 
22 patients with coronary artery disease. The postoperative improvement 
in hypoperfusion and asynergy was more often observed in segments 
metabolically active before surgery. Most metabolically active segments 
showed a decrease in FDG uptake after operation, and all of these were 
associated with an improvement in asynergy. In contrast, only half of the 
segments with persistent FDG uptake had improvement in asynergy. 
Furthermore, most of the segments with new FDG uptake after operation 
revealed further wall motion abnormality. Thus, metabolic imaging is 
useful for predicting the response to coronary bypass surgery. Improve- 
ment in metabolic abnormality was associated with improvement in re- 
gional function after surgery. 


866 

Effects of High Resistance Training in Coronary Artery 
Disease 

Linda E. Crozier Ghilarducci, Robert G. Holly, and Ezra A. Amsterdam 


Resistive activity for cardiac patients has traditionally been discouraged. 
We assessed the safety and efficacy of a 10-week strength training pro- 
gram at 80% of maximal voluntary contraction in stable, aerobically 
trained cardiac patients. Maximum voluntary contraction increased 17, 
12, 19, 53 and 46% for bench press, military press, standing biceps curl, 
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CERTAIN PATIENTS 
WITH SEVERE HEART FAILURE 
MAY LIVE A LITTLE LONGER... 





Adjunctive Therapy for Many Patients 
with Heart Failure Who Are Responding 
Inadequately to Digitalis and Diuretics 
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” 2.5-mg 
SCORED 
TABLET... 


FOR GREATER 
For a Brief Summary of Prescribing Information, DOSAGE 
please see the last page of this advertisement. FLEXIBILITY 


IN CERTAIN PATIENTS FOR WHOM VASOTEC” (Enalapril Maleate, MSD) 
IS INDICATED, A LANDMARK MULTICENTER STUDY SHOWED 


SIGNIFICANT REDUCTION 
IN MORTALITY IN PATIENTS 
WITH SEVERE HEART FAILURE 






Results at 6 and 12 Months in Class IV Patients! 


The patients treated with VASOTEC had a significant reduction in overall mortality of 40% 
at 6 months (p =0.002) and a reduction of 31% at 12 months (p = 0.001). The beneficial effect 
on mortality was due to a reduction in death from progression of heart failure. No difference 


was seen in the incidence of sudden cardiac death. 














Treatment nE 
(in addition to standard Mortality Reduction in 
therapy including digitalis Relative Risk 
and diuretics) i 






Placebo 55/126 (44%) 













33/127 (26%) 40% 


VASOTEC 
(p =0.002) 





42 months 


66/126 (52%) 





Placebo 





46/127 (36%) 












VASOTEC 





in this multicenter, double-blind, randomized, parallel, placebo-controlled study of 253 New York Heart Association (NYHA) Class IV 
heart failure patients, VASOTEC was added to the regimen of patients who were already receiving standard treatment with digitalis 
and diuretics. Some patients also were receiving vasodilators (other than ACE inhibitors). 



























VASOTEC is contraindicated in patients who are hypersensitive should be followed closely for the first two weeks of 


to this product and in patients with a history of angioedema treatment and whenever the dose of enalapril and/or 

related to previous treatment with an ACE inhibitor. diuretic is increased. 

Patients at risk for excessive hypotension, sometimes if angioedema of the face, extremities, lips, tongue, glottis, 
and/or larynx develops, VASOTEC should be promptly 


associated with oliguria and/or progressive azotemia and f l / y 

rarely with acute renal failure and/or death, include those discontinued and the patient carefully observed until the 

with heart failure, hyponatremia, high-dose diuretic swelling disappears. Angioedema associated with laryngeal 

therapy, recent intensive diuresis or increase in diuretic edema may be fatal. For more details, including 

dose, renal dialysis, or severe volume and/or salt depletion informauion on treatment, see the Brief Summary of 

of any etiology. It may be advisable to eliminate the diuretic Prescribing Information on the last page of this 

(except in heart failure patients), reduce the diuretic dose, advertisement. 

or increase salt intake cautiously before initiating therapy 4. The CONSENSUS Trial Study Group: Effects of enalapril on 

with VASOTEC in patients at risk for excessive hypotension mortality in severe congestive heart failure: Results of the 
Cooperative North Scandinavian Enalapril Survival Study 


who are able to tolerate such adjustments. In patients at 
risk for excessive hypotension, therapy should be started (CONSENSUS), N. Engl. J. Med. 316:1429-1435, June 4, 1987. 


under very close medical supervision, and such patients 
Copyright © 1988 by Merck & Co., Inc. 





Significant Reduction 
in Heart Size 


The benefits of therapy with VASOTEC also 
were reflected in a significant decrease in 
heart size (p =0.02) and in a reduced need 
for concomitant cardiovascular drugs. 


Significant Improvement 
in Functional Capacity 


Of the patients treated with VASOTEC, 
42% showed improvement in NYHA 
Classification compared to only 22% of 
patients treated with standard therapy 
(p =0.001). All patients were Class IV at 
the start of the study. 


For a Brief Summary of Prescribing Information, 
please see the last page of this advertisement. 


REVIEW COMMITTEE DETERMINATION: 


Benefits So Marked, It Would Be 
Unethical to Withhold VASOTEC 
from Control Group 


The Ethical Review Committee determined 
it would be unethical to withhold enalapril 
from the patients receiving standard 
therapy only. Thus, the study was 
prematurely discontinued, and the 
subjects in the standard therapy group 
subsequently also received VASOTEC. 


CONSENSUS Study Also 
Determined the Appropriate 
Starting Dosage Regimen 

of VASOTEC — 2.5 mg 

Once or Twice Daily 

When the starting dose of VASOTEC for 
patients at greatest risk of hypotension 
was reduced to 2.5 mg per day, only about 
3% of patients (3 of 93) treated thereafter 


with VASOTEC had to discontinue therapy 
due to hypotension. 


Tablets: 2.5 mg, 5 mg, 10 mg, and 20 mg 


VASOTEC 


(ENALAPRIL MALEATE| MSD) 


Adjunctive Therapy for Many Patients 
with Heart Failure Who Are Responding 
Inadequately to Digitalis and Diuretics 


Radioactivity was found to cross the placenta following administration of labeled enalapril to pregnant hamsters. 
There are no ae and well-controlled studies of enalapril in pregnant women. However, data are available that show 
enalapril crosses the human placenta. Because the risk of fetal toxicity with the use of ACE inhibitors has not been clearly 


doie, mealea Looe Maleate, MSD) should be used during pregnancy only if the potential benefit justifies the 
potential risk to the fetus. 4 
Postmarketin rience with all ACE inhibitors thus far su the following with regard to outcome. 
( ENAL PRI L MALEATE MSD) Inadvertent eose limited to the first trimester of s a been reported To afect iets outcome ave 
io oe during the second and third trimesters of pregnancy has been associated with fetal and neonatal morbidit 
mortality. 

When ACE inhibitors are used duringihe later stages of pregnancy, there have been reports of hypotension and decreased 
renal perfusion in the newborn. Oligohydramnios in the mother has also been reported, presumably representing 





Contraindications: VASOTEC® (Enalapril Maleate, MSD) is contraindicated in patients who are hypersensitive to this 
product and in patients with a history of angioedema related to previous treatment with an ACE inhibitor. decreased renal function in the fetus. Infants exposed in utero to ACE inhibitors should be closely observed for hypoten- 


Warnings: Angioedema: Angioedema of the face, extremities, lips, tongue lottis, and/or larynx has been reported in sion, oliguria, and hyperkalemia. If oliguria occurs, attention should be directed toward support of blood pressure and 
patientstreated IthACE nhiDhors, including VASOTEC. Insuch cases, VASOTEC shouldbe promptly discontinuedand the renal s hpk with pa haali hi fluids and pressors as a = ropriate. Problems pisa A with peake such 
pla observed until the swelling disappears. In instances where swelling has been confined to the faceand lips, as patent ductus arteriosus have occurred in association with maternal use of ACE inhibitors, but itis not clear whether 
me condition as ppresall soad Eai hatha altho h ere sreo been tuscan coe s! d toms. they are related to ACE inhibition, maternal hypertension, or the underlying prematurity. 

gioedema associated with laryngeal edema may be fatal. Where there is involveme longue, glottis, oF Nursing Mothers: Milk in lactating rats contains radioactivity following administration of 4C enalapril maleate. It is not 
larynx likely to cause airway obstruction, appropriate therapy, €-9., subcutaneous epine Shrine solution i i i il i ilk, cauti 
Lary likely to cause a ghould be prompuy administered. (See ADVERSE REACTIONS. known wheter this drug is secreted nutans mery ra S oe ik caution shu 
Hypotension: Excessive h poine is rare in uncomplicated hypertensive patients treated with VASOTEC alone. Heart Pediatric Use: Safety and effectiveness in children have not been established. 


failure patients given VASOTEC commonly have some reduction in blood pressure, especially with the first dose, but Adverse Reactions: VASOTEC has been evaluated for safety in more than 10,000 patients, including over 1000 


discontinuation of therapy for continuing symptomatic hypotension usually is not necessary when dosing instructions j inical tri: 
are followed; caution should be observed when initiating therapy. (See DOSAGE AND ADMINISTRATION.) Patients at patients ey re or more. VASOTEC has been found to be generally well tolerated in controlled inical trials 


risk for excessive hypotension, sometimes associated with oliguria and/or progressive azotemia and rarely with acute 4 i i i i 3 = 
ram ao wt ea, include pon wit) the following canons or o acess. heart failure, typ nate HYPERTENSION, T gst frequent clinical adverse experiences in controlled trials were: headache (5.2%), dizziness 
-dose diuretic therapy, recent intensive diuresis or increase in diuretic dose, renal dialysis, or severe vo ume an or fies la SYS ; x EE an 
sat depletion of any in , It may be advisable to eliminate the diuretic (except in heart failure patients), reduce the Other adverse experiences occurring in greater than 1% of patients treated with VASOTEC in controlled clinical trials 
diuretic dose, or increase it intake cautiously before initiating therapy witi VASOTEC in patients at risk i excessive Were: diarrhea (1.4%), nausea (4%, rash (1.4%), cough (1.3%), orthostatic effects (1.2%), and asthenia (11%). 
fypoieesion who are able to tolerate such ce nantly (See PRECAUTIONS, Drug Interactions and ADVERSE REAC- HEART FAILURE: The most fonon clinical adverse opas in both controlled and uncontrolled trials were: dizzi- 
NS.) In patients at risk for excessive hypotension, therapy should be started under very close medical supervision ness (7.9%), geons (6.7%), orthostatic effects (2.2%), syncope (2.2%), cough (2.2%), chest pain (21%), and 
and such patients should be followed closely for the first two weeks of treatment and whenever the dose of enalapril diarrhea (2.1%). 
and/or diuretic is increased. Similar considerations may apply to patients with ischemic heart disease or cardiovascular Other adverse experiences occurring in greater than 1% of patients treated with VASOTEC in both controlled and uncon- 
disease in whom an excessive fall in blood pressure could result in a myocardial infarction or cerebrovascular accident. trolled clinical trials were: fatigue ( en, headache (1.8%), abdominal pain (1.6%), asthenia (16%), orthostatic hypo- 
If excessive hypotension occurs, the patient should be placed in supine position and, if necessary, receive an intrave- tension (1.6%), vertigo (sx ie pectoris (1.5%), nausea (3h), vomiting (1.3%), bronchitis (1.3%), dyspnea 
nous infusion of normal saline. A transient hypotensive response is Not a contraindication to further doses of VASOTEC, (1.3%), urinary tract infection (1.3%), rash (1.3%), and myocardial infarction (1.2 ). 
which usually can be given without difficulty once the blood pressure has stabilized. If symptomatic hypotension Other serious clinical adverse experiences occurring since the drug was marketed or adverse experiences occurring in 
develops, a dose reduction or discontinuation of VASOTEC or concomitant diuretic may be necessary. 0.4% to 1%% of patients with hypertension or heart failure in clinical trials in order of decreasing severity within each 
Neutropenia/Agranulocytosis: Another ACE inhibitor, captopril, has been shown to cause agranulocytosis and bone mar- category: 
row depression, rarely in uncomplicated patients but more frequently in patients with renal impairment, especially if they Cardiovascular: Cardiac arrest; myocardial infarction or cerebrovascular accident, possibly secondary to excessive 
also have a collagen vascular disease. Available data from clinical trials of enalapril are insufficient to show that enalapril hypotension in high-risk patients (see WARNINGS, Hypotension); cardiac arrest; pulmonary embolism and infarction; 


does not pee agranulocytosis at ena mS Foreign manang oaporionoe ly eooo see ase o neunoponn rhythm disturbances; atrial fibrillation; palpitation. 

or agranulocytosis in which a causal relationship to enalapril cannot be exc'u eriodic monitoring of white blood cel inestive: iti iti ic taundi i inati iti 
counts in patients with collagen vascular disease and renal disease should be considered. Digesta; oni TOT ner pina e big belso6 ne Se n glossitis. 
Precautions: General: Impaired Renal Function: As a consequence of inhibiting the renin-angiotensin-aldosterone Urogenital: Renal failure, oliguria, renal dysfunction (see PRECAUTIONS and DOSAGE AND ADMINISTRATION) 
system, changes in renal function may be antici ted in susceptible individuals in patients with severe heart failure iati in 4 inkai, d 
whose renal function may depend on the activi of the renin-angiotensin-aldosterone system, treatment with ACE Respiratory: Bronchospasm, hinona, asthma, upper respiratory infection. 
inhibitors, including VASOTEC, may be associated with oliguria and/or progressive azotemia and rarely with acute renal Skin: Herpes zoster, pruritus, alopecia, flushing, photosensitivity. i ; 
failure and/or death. Other: Vasculitis, muscle cramps, hyperhidrosis, impotence, blurred vision, taste alteration, tinnitus. 


in clinical studies in hypertensive patients with unilateral or bilateral renal artery stenosis, increases in blood urea A symptom complex has been reported which may include fever, myalgia, and arthralgia; an elevated erythrocyte sedi- 
nitrogen and serum crea inine were observed in 20% of patients. These increases ‘vere almost always reversible upon mentation rate may be present. Rash or other dermatologic manifestations may occur ‘These symptoms have disap- 
discontinuation of enalapril and/or diuretic therapy. In such patients, renal function should be monitored during the lirst peared after discontinuation of therapy. AAN P j SE 
few weeks of therapy. Angioedema: Angioedema has been reported in patients receiving VASOTEC (0.2%). Angioedema associated with 
laryngeal edema may be fatal. If angioedema of the face, extremities, lips, tongue, glottis, and/or larynx occurs, treat- 


Some patients with hypertension or heart failure with no a parent preexisting renal vascular disease have develo} s a a : : ut 
increases in blood urea and serum creatinine, usually no appa transient, especially when VASOTEC has been fn ment with VASOTEC should be discontinued and appropriate therapy instituted immediately. (See WARNINGS.) 


i ith a diuretic. This i in pati i isti impai 4 Hypotension: In the hypertensive patients, hypotension occurred in 0.9% and syncope occurred in 0.5% of patients 
poncomitaniiy wiih a eN o This i mon Uy VASOTEC oy ey st aaa renal impairment. Dosage reduc following the initial dose or during extended t eo Petona or syncope was a cause for discontinuation ey 


in 0.1% of hypertensive patients. In heart failure pal ients, hypotension occurred in 6.7% and synco occurred in 
Seo omy patients prt ertension g5 heart failure should always include assessment of renal o a My ges or syncope was a cause for EEEN of therapy in 1.9% of patients with heart failure. 


Hyperkalemia: Elevated serum potassium (> 5.7 mEq/L) was observed in ap roximately 1% of hypertensive patients in ini iniii: 

chica tals. In most cases these were isolated values which resolved despite continued therapy. Hyperkalemia wasa Clinical Laboratory Test Findings: P < 

tause of discontinuation of therapy in 0.28% of hypertensive patients. In clinical trials in heart failure, hyperkalemia was Serum Electrolytes: Hyperkalemia (see RECAUTIONS), hyponatremia. i 2 
observed in 3.8% of patients, but was not a cause for discontinuation. Creatinine, Blood Urea Nitrogen: In controlled clinical trials, minor increases in blood urea nitrogen and serum creati- 
Risk factors for the development of hyperkalemia include renal insufficiency, diabetes mellitus, and the concomitant use nine, reversible upon discontinuation of therapy, were observed in about 0.2% of patients with essential hypertension 
of potassium-sparing diuretics, potassium supplements, and/or potassium-containing salt substitutes, which should treated with VASOTEC alone. Increases are more likely to occur in ae receiving concomitant diuretics or in patients 
‘be used cautiously, if at all, with GASOTEC. (See Drug Interactions.) with renal artery stenosis. (See PRECAUTIONS.) In patients with heart failure who were also receiving diuretics with or 


without digitalis, increases in blood urea nitrogen or serum creatinine usually renee upon discontinuation of 


sgoinn, In patients undergoing major surgery or during anesthesia with agents that produce hypotension, VASOTEC and/or other concomitant diuretic therapy, were observed in about 11% of patients. Increases in blood urea 


enalapril may block angiotensin |I formation secondary fo compensatory renin release. If hypo ension occurs and is nitrogen or creatinine were a cause for discontinuation in 1.2% of patients. 


ache hes this mechanism, it can be corrected by volume expansion. He bina a Hera loori: Smali decreases in hemoglobin andheraloctt (pean decreases a approval eh T 3 % 
i ens: ; - : and 1.0 vol %, respectively) occur frequently in either hypertension or heart failure patients treated wi are 
Angioodema; Angioedema, ictuding laryngeal edema, may occur especially following the first dose of enalapril. rarely of clinical iportanes unless AS of Aula coexists. In clinical Tals, less than 0.1% of patients discon- 
Patients should be so advised and told to report immediately any signs or symptoms suggesting angioedema swelling tinued therapy due to anemia. 
of face, extremities, eyes, lips, tongue, difficulty in swallowing or breathing) and to take no more Other (Causal Relationship Unknown): In marketing experience, rare cases of neutropenia thrombocytopenia, and bone 
consulted with the prescribing physician. ; marrow depression have been reported a x ‘ 

rension: Patients should be cautioned to report lightheadedness especially during the first few days of therapy. | i À i a tin hi 
a ual syncope occurs, the patients should be told to discontinue the drug until they have consulted with the resorting peek ate paai a tes Apri, pp nan eE wn ainei symphimatic 
physician. i n : von: In pati a diuretic, sympto 
All patients should be cautioned that excessive Peaspiaion and dehydration may lead to an excessive fall in blood Pie gy oceanon ma Or Monna te initial doae PEA S e duole anl t poaa aaae 
T because oe mn ube yomo erca SOE fe pap sumh as vomiting or diarrhea may also WARNINGS.) If the patient's blood pressure Tenot controlled with VASOTEC alone, diuretic therapy may be resumed 
lead to a fall in blood pressure; patients should be advised to consult with the physician ies TS eA elute gui rls 
Hyperkalemia: Patients should be told not to use salt substitutes containing potassium without consulting their Ithe diuretic cannot pe discontinued an aldose 2 S ma shad RINGS ate PRECAUTIONS, Drug 
p i 4 


rug until they have 


ysician. ae ; > Interactions. 

hale petel should be told to report promptly any indication of infection (e.g., sore throat, fever) whichmaybe The E ol initial dose in patients not on diuretics is 5 mg once a day. Dosage should be adjusted according to 
: y : : F aå ae =, blood pressure response. The usual dosage range is 10 to 40 mg per day administered in a single dose or in two divi 

NOTE: As with many other drugs, certain advice to patients being treated with enalapril is warranted. This information is i i i imini j 
intended to aid in the safe and effective use of this medication. f is not a disclosure of all possible adverse or intended H aes n soma me dosa da ly eters mey diminish imar da ea gre RRN . 
effects, . trolled with VASOTEC alone, a diuretic may be added. 
Drug Interactions: j : B - À i Concomitant administration of VASOTEC with potassium supplements, pism salt substitutes, or potassium-spar- 
Hypotension: Patients on Diuretic Therapy: Patients on diuretics and especially those in whom diuretic therapy was ing diuretics may lead to increases of serum potassium (see RECAUTIONS). 


recently instituted may occasionally experience an excessive reduction of blood pressure after initiation of therapy with i h f j P i : ii 
enalapril. The possibility of hypotensive effects with enalapril can be minimized by either discontinuing the diuretic, or Dosage Adjustment in Hypertensive Pans with Gerar ese upto approu matei 3 mo ons win 
increasing the salt intake prior to initiation of treatment with enalapril. If it is necessary to continue the diuretic, provide Freatinine clearance <30 mL/min (serum creatinine >3 mg/dL), the first dose Is 2.5 mg once daily. +e dosage may be 


close medical supervision after the initial dose for at least two hours and until blood pressure has stabilized for at least an titrated d until blood pressure is controll a maximum of 40 mg dail 

additional hour. (See WARNINGS and DOSAGE AND ADMINISTRATION.) Heart Failure: VASOTEC is indicatedas anaie with diuretics andvigials The recommended starting dose is 
Agents Causing Renin Release: The antihypertensive effect of VASOTEC is augmented by antihypertensive agents that 2.5 mg once or twice daily. After the initial dose of VASOTEC, the patient ad be observed under medical supervision 
cause renin release (e.g., diuretics), for at feast two hours and until blood pressure has stabilized for at least an additional hour. (See WARNINGS and PRE- 


Other Cardiovascular Agents: VASOTEC has been used concomitantly with beta-adrenergic-blocking agents, methyl- CAUTIONS, Drug interactions] If possible, the dose of the diuretic should be reduced, which may diminish the likelihood 
dopa, nitrates, calcium-blocking agents, hydralazine, prazosin, and digoxin without evidence of clinically significant of hypotension. The appearance of hypotension after the initial dose of VASOTEC does not pas subsequent careful 


adverse interactions. dose titration with the drug, following effective management of the hypotension. The usual therapeutic ong range for 
Agents Increasing Serum Potassium: VASOTEC attenuates potassium loss caused by thiazide-type diuretics. Potas- the treatment of heart failure is 5 to 20m oy iven in two divided doses. The maximum daily dose is 40 mg. Once-daily 
sium-sparing diuretics (e.9., spironolactone, triamterene, or amiloride), potassium supplements, or potassium-con- dosing has been effective in a controlled study, but nearly all patients in this study were given 40 mg, the maximum rec- 


taining salt substitutes may lead to significant increases in serum potassium. Therefore, if concomitant use of these ommended daily dose, and there has been much more experience with twice-daily dosing. In addition, in a placebo-con- 
agents is indicated because of demonstrated hypokalemia, they should be used with caution and with frequent monitor- trolled study which demonstrated reduced mortality in patients with severe heart failure (NYHA Class IV), patients were 
ing of serum potassium. Potassium-sparing agents should generally not be used in patients with heart failure receiving treated with 2.5 to 40 mg per day of VASOTEC, almost al ways administered in two divided doses. (See CLI ICAL PHAR- 
VASOTEC. MACOLOGY, Pharmacodynamics and Clinical Effects.) Dosage may be adjusted depending upon clinical or hemody- 
Lithium: A few cases of lithium toxicity have been reported in patients receiving concomitant VASOTEC and lithium and namic response. (See W; NINGS.) y é f : d 
were reversible upon discontinuation of both drugs. Ithough a causal relations! ines not been established, it is recom- Dosage Adjustment in Heart Failure Patients with Renal Impairment or Hyponatremia: In heart failure patients with 
mended that caution be exercised when lithium is used concomitantly with VASOTEC and serum lithium levels should be hyponatremia (serum sodium <130 mEq/L) or with serum creatinine >1.6 mg/dL, therapy should be initiated at 2.5 m 
monitored frequently. ar under close medical supervision. (See DOSAGE AND ADMINISTRATION, Heart Failure, WARNINGS, and PRE- 
Pregnancy— Category C: There was no fetotoxicity or teratogenicity in rats treated with up to 200 mg/kg/day of enalapril CAUTIONS, Drug Interactions.) The dose may be increased to 2.5 mg b.i.d., then 5 mg b.i.d. and higher 

(333 times the maximum human dose). Fetotoxicity, expressed as a decrease in average fetal weight, occurred in rats as needed, usually at intervals of four days or more, if at the time of dosage adjustment there is not MSD 
given 1200 mg/kg/day of enalapril but did not occur when these animals were supplemented with saline. Enalapril was excessive hypotension or significant deterioration of renal function, The maximum daily dose is 40 mg. —— 
not teratogenic in rabbits. However, maternal and fetal toxicity occurred in some rabbits at doses of 1 mg/kg/day or 3 

more. Saline supplementation prevented the maternal and fetal toxicity seen at doses of 3 and 10 mg/kg/day, but not at For more detailed information, consult your MSD Representative or see Prescribing Information. Merck 

30 mg/kg/day (50 times the maximum human dose) Sharp & Dohme, Division of Merck & Co., Inc., West Point, PA 19486. JBVS44R2(817) 
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quadriceps extension and hamstring curl, respectively (p <0.01), while the - 
number of sit-ups performed in 1 minute increased 33% (p <0.05). There — 
were no cardiac symptoms or abnormal alterations in heart rate or blood - 
pressure in these patients during any strength training session. Thus, 
resistive training at 80% maximum voluntary contraction appears to be 
safe and efficacious in stable, aerobically trained cardiac patients. 
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Quantitative Comparison of Thallium-201 Scintigraphy 
Following Exercise and Dipyridamole 

Shalendra Kumar Varma, Denny D. Watson, and George A. Beller 


We undertook a segment-by-segment quantitative analysis of regional 
uptake and washout of thallium-201 after dipyridamole (0.56 mg/kg) and 
after symptom-limited exercise testing in 21 patients (ages 58 + 9.2 years) 
with chest pain studied 2.5 + 1.0 weeks apart. We found agreement 
between 87% (165 of 189) of segment pairs when each was classified as 
either normal or abnormal. Agreement was observed in 92% (61 of 63) of | 
coronary supply regions determined to be normal (41 of 41) or abnormal 
(20 of 22). However, thallium-201 clearance was slower after dipyrida- 
mole than with exercise (11 vs 17%, p <0.001). These preliminary data 
indicate that exercise and dipyridamole thallium-201 imaging in the same 
patients are comparable in detecting and localizing normal or abnormal 
scan segments, but have variable thallium-201 clearance characteristics. 


878 
Impact of Late Coronary Artery Reperfusion on Left 
Ventricular Function One Month After Acute Myocardial 
Infarction (Results from the ISAM Study) 

Rolf Schroder, Karl-Ludwig Neuhaus, Thomas Linderer, Thomas 
Brüggemann, Ulrich Tebbe, and Karl Wegscheider 





In 368 patients of the ISAM study, the creatine kinase-MB time-activity 
curve peaked >15 hours after symptom onset, indicating that there was no 
early reperfusion of the infarct-related artery. Contrast angiography 1 
month later revealed a patent infarct vessel in 64% of streptokinase- 
treated patients and in 56% of patients treated with anticoagulant therapy. 
Left ventricular function was significantly better in patients who had a 
patent infarct-related artery compared with persistent occlusion: ejection 
fraction in all patients was 56% versus 50%, in streptokinase patients 59% 
versus 53%, and in the placebo group 55% versus 49%. Adequate reperfu- 
sion of an infarct-related coronary artery even later than 4 hours after 
symptom onset has a beneficial effect on left ventricular performance in 
the month after myocardial infarction. 
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The only beta blocker 
as effective as quinidine 


.. Without quinidine complications. 


In randomized, double-blind crossover studies,’? Sectral® (acebutolol HCl) 
was shown to be as effective as quinidine in reducing spontaneous 
premature ventricular contractions (PVCs), exercise-induced PVCs and 
complex PVCs," Unlike quinidine, Sectral® was not associated with drug- 
related gastric discomfort or diarrhea.'? Clinical experience in over 1,000 


patients yielded only a 4 percent incidence of diarrhea, constipation or 
flatulence, 


As the investigators commented: “The antiarrhythmic activity of (Sectral®), 
its ancillary pharmacologic properties, and its tolerance by a diverse 
group of patients make (Sectral®) a significant tool for the clinician in the 
management of chronic arrhythmia.” 


Like other beta blockers, Sectral® is contraindicated in persistently severe 
bradycardia, second- and third-degree heart block, overt congestive 
heart failure and cardiogenic shock. 


Initiate Sectral® therapy with 200 mg b.i.d. Dosage can be increased 
gradually until optimal response is obtained, generally between 600 mg 
to 1200 mg per day. 


Please see brief summary on adjacent page. 
"Sectral® is not indicatedfor ventricular tachycardia. 
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acebutolol HCI 


For uncomplicated 
control of PVCs. 








acebutolol HCI 


For uncomplicated control of PVCs. 


(Brief summary of prescribing information) 


ONTRAINDICATIONS: SECTRAL is contraindicated in: 1) persistently severe bradycardia, 
REBAINGS) third-degree heart block; 3) overt cardiac failure; and 4) cardiogenic shock. (See 
INi 
WARNINGS: CARDIAC FAILURE: Sympathetic stimulation may be essential for support of the 
rcutation in individuals with diminished myocardial contractility, and its inhibition by $ - 
adrenergic receptor blockade may precipitate more severe failure. Although B -blockers should be 
oided in overt cardiac failure, SECTRAL can be used with caution in patients with a history of 
art failure who are controlled with digitalis and/or diuretics. Both digitalis and SECTRAL 
impair: AV conduction. If cardiac failure persists, therapy with SECTRAL shouid be withdrawn. 
IN PATIENTS WITHOUT A HISTORY OF CARDIAC FAILURE: In patients with aortic or mitral 
ive disease or compromised left ventricular function, continued depression of the myocardium 
ith 8 -blocking agents over a period of time may lead to cardiac failure. At the first signs of 
failure, patients should be digitalized and/or be given a diuretic and the response observed 
losely. If cardiac failure continues despite adequate digitalization and/or diuretic, SECTRAL 
therapy should be withdrawn. 
EXACERBATION OF ISCHEMIC HEART DISEASE FOLLOWING ABRUPT WITHDRAWAL 
Following abrupt cessation of therapy with certain B-biocking agents in patients with coronary 
ry disease, exacerbation of angina pectoris and, in some cases, myocardial infarction and 
leath have been reported. Therefore, such patients should be cautioned against interruption of 
therapy without a physician's advice. Even in the absence of overt ischemic heart disease, when 
discontinuation of SECTRAL is planned, the patient should be carefully observed. and should be 
advised to limit physical activity to a minimum while SECTRAL is gradually withdrawn over a 
lod of about two weeks. (If therapy with an alternative B-biocker is desired, the patient may be 
transferred directly to comparabie doses of another agent without interruption of B-blocking 
therapy). if an exacerbation of angina pectoris occurs, anti-anginal therapy shouid be restarted 
mediately in full doses and the patient hospitalized until his condition stabilizes. 

ERIPHERAL VASCULAR DISEASE: Treatment with B-antagonists reduces cardiac output and 
in precipitate or aggravate the symptoms of arterial insufficiency in patients with peripheral or 
esenteric vascular disease. Caution should be exercised with such patients and they should be 

observed closely for evidence of progression of arterial obstruction. 
BRONCHOSPASTIC DISEASES: PATIENTS WITH BRONCHOSPASTIC DISEASE SHOULD, IN 

ENERAL, NOT RECEIVE AB-BLOCKER. Because of its relative B,-selectivity. however, iow 
doses of SECTRAL may be used with caution in patients with bronchospastic disease who do not 

spond to, or who cannot tolerate, alternative treatment. Since B ,-selectivity is not absolute and 
is dose-dependent, the lowest possible dose of SECTRAL should be used initially, preferably in 
divided doses to avoid the higher piasma levels associated with the longer dose-interval. A 
bronchodilator, such as a theophyiline or a g ,-stimulant, should be made available in advance 
with instructions concerning its use. 

ANESTHESIA AND MAJOR SURGERY: The necessity, or desirability, of withdrawal of a g- 

locking therapy prior to major surgery is controversial. B-adrenergic receptor blockade impairs 

he ability of the heart to respond to B-adrenergically mediated reflex stimuli, While this might be of 

“benefit in preventing arrhythmic response, the risk of excessive myocardial depression during 
general anesthesia may be enhanced and difficulty in restarting and maintaining the heartbeat has 
been reported with beta-blockers. if treatment is continued, particular care shouid be taken when 
‘using anesthetic agents which depress the myocardium, such as ether, cyclopropane and 
trichlorethyiene, and it is prudent to use the lowest possibie dose of SECTRAL. SECTRAL., like 
other 8-blockers, is a competitive inhibitor of B-receptor agonists and its effect on the heart can be 
“Teversed by cautious administration of such agents (e.g., dobutamine or isoprotereno!—see 
OVERDOSE}. Manifestations of excessive vagal tone (e.9., profound bradycardia, hypotension) 
may be corrected with atropine 1 to 3 mg iv. in divided doses. 

WABETES AND HYPOGLYCEMIA: B -blockers may potentiate insulin-induced hypoglycemia and 
mask some of its manifestations such as tachycardia; however, dizziness and sweating are usually 
not significantly affected. Diabetic patients should be warned of the possibility of masked 

“hypoglycemia. 
THYROTOXICOSIS: B-adrenergic blockade may mask certain Clinical signs (tachycardia) of 
hyperthyroidism. Abrupt withdrawal of B -blockade may precipitate a thyroid storm; therefore, 
patients suspected of developing thyrotoxicosis from whom SECTRAL therapy is to be withdrawn 
should be monitored closely. 
ECAUTIONS: IMPAIRED RENAL OR HEPATIC FUNCTION: Studies on the effect of acebutolol 
patients with renal insufficiency have not been performed in the U.S. Foreign published 
xperience shows that acebutolol has been used successfully in chronic renal insufficiency. 
Acebutolol is excreted through the G.I. tract, but the active metabolite, diacetoloi, is eliminated 
redominantly by the kidney. There is a linear relationship between renal clearance of diacetoiol 
d creatinine clearance. Therefore, the daily dose of acebutolo! should be reduced by 50% when 
the creatinine clearance is fess than 50 mL/min and by 75% when it is less than 25 mL/min. 
SECTRAL should be used cautiously in patients with impaired hepatic function. 
SECTRAL has been used successtully and without problems in elderly patients in the U.S 
clinical trials without specific adjustment of dosage. However, elderly patients may require lower 
ainteniance doses because the bioavailability of both SECTRAL and its metabolite are 
approximately doubled in this age group. 

LINICAL LABORATORY FINDINGS: SECTRAL, like other B-biockers, has been associated with 
the development of antinuciear antibodies (ANA). In prospective clinical trials, patients receiving 
SECTRAL had a dose dependent increase in the development of positive ANA titers and the overall 

incidence was higher than that observed with propranolol. Symptoms (generally persistent 
arthraigias.and myalgias) related to this laboratory abnormality were infrequent (less than 1% with 
both drugs). Symptoms and ANA titers were reversible upon discontinuation of treatment. 
INFORMATION FOR PATIENTS: Patients, especially those with evidence of coronary artery 

isease, should be warned against interruption or discontinuation of SECTRAL therapy without a 

yysician's supervision. Although cardiac failure rarely occurs in properly selected patients, those 
being treated with B-adrenergic blocking agents should be advised to consult a physician if they 
develop signs or symptoms suggestive of impending CHF, or unexplained respiratory symptoms. 

Patients should also be warned of possible severe hypertensive reactions from concomitant use 

a-adrenergic stimulants such as the nasal decongestants commonly used in OTC cold 

parations and nasal drops. 

DRUG INTERACTIONS: Catecholamine-depleting drugs, such as reserpine, may have an 
additive effect when given with B-biocking agents. Patients treated with SECTRAL plus 
catecholamine depletors should, therefore, be observed closely for evidence of marked 
bradycardia or hypotension which may present as vertigo, syncope/pre-syncope, or ortho- 
static changes in blood pressure without compensatory tachycardia. Exaggerated hypertensive 


constrictive nasal drops. Patients rece : c 
hazard. No significant interactions with digoxin, hydrochlorothiazide, hydralazine, 
yrazone, ‘oral Nntraceptives, tolbutamide or warfarin have been observed. 


CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERT TYC city 


: i £ ast OG mg/kg/day. which is equivalent - 
to.15 times the maximum recommended (60 kg} human dose, did not indicate. a gatcinagenic 
potential for SECTRAL (acebutoiol HCl}. Diacetoiol, the major metabolite of SECTRAL ia man; 
was without carcinogenic potential in rats when tested at doses as high as 1800 mg/kg/day: 
SECTRAL and diacetolo! were also shown to be devoid of mutagenic potential in the Ames ae 
Test. SECTRAL, administered orally.to two. generations of male and female rats at doses otup- 
to 240 mg/kg/day [equivalent to 12 times the maximum recommended therapeutic dose in {a 
60 kg} man] and diacetolol, administered to two generations of male and female rats at doses. 
of up to 1000 mg/kg/day, had no significant impact on reproductive performance or fertility. 
TERATOGENIC EFFECTS: Pregnancy Category B: Reproduction studies have been 
performed with SECTRAL in rats and rabbits at doses of upto 60 mg/kg/day, the equivalent of 
3 timas the maximum recommended therapeutic dose in (a 60 kg) man. Studies have also been 
perfermed in these species with diacetolol {at doses of up to 450 mg/kg/day in rabbits and up 
to 1800 mg/kg/day in rats). Other than a significant elevation in postimplantation lass with 450 
mg/kg/day diacetolol, a tevel at which food consumption and body weight gain was reduced in 
rabbit dams and a non-statistically significant increase in incidence of bilateral cataract in rat 
fetuses from dams treated with 1800 mg/kg/day diacetolol, there was no evidence of harm to. 
the fetus with either drug. There are no adequate and well-controlled trials in pregnant women 
in the U.S.; however, studies have shown that both acebutolol and diacetolol cross the placenta. 
Because animai teratology studies are not always predictive of the human response, SECTRAL 
should be used during pregnancy only if the potential benefit justifies the risk to the fetus. 
Labor and Delivery: The effect of SECTRAL on labor and delivery in pregnant women is 
unknown. Studies in animals have not shown any effect of SECTRAL on the usual course of 
labor and delivery 
Nursing Mothers: Acebutoioi and diacetolol also appear in breast milk with a milk:plasma ratio 
of 7.1 and 12.2, respectively, Use in nursing mothers is not recommended. 

Pediatric Use: Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS: SECTRAL is well tolerated in properly selected patients. Most adverse 
reactions have been mild, not required discontinuation of therapy, and tended to decrease as 
duration of treatment increases. 

The following table shows the frequency of treatment-retated side effects derived from 
controlied clinical trials in patients with hypertension, angina pectoris, and arrhythmia. These 
patients received SECTRAL. propranolol, or hydrochlorothiazide as monotherapy, or placebo. 


TOTAL VOLUNTEERED AND ELICITED (U.S. STUDIES) 


studies in rats and mice, employing dose levels as high: y 


Hydrochioro- 
SECTRAL Propranolot thiazide Placebo 
(N= 1002} (N=424) (N=178) (N=314) 
Vin w Uy % 


Body System/ 
Adverse Reaction 


Cardiovascular 
Chest Pan 
Edema 
Centrai Nervous System 
Depression 
Dizziness 
Fatigue 
Headache 
insomnia 
Abnormai 
dreams 
Dermatologic 
Rash 
Gastrointestinal 
Constipation 
Diarrhea 
Dyspepsia 
Flatulence 
Nausea 
Genitourinary 
Micturition 
{frequency} 
Musculoskeletal 
Arthraigia 
Myaigia 
Respiratory 
Cough i 
Dyspnea 6 
Rhinitis f 
Special Senses 
Abnormai Vision 2 2 


YES FF 


o 


DADAN 


The foliowing selected (potentially important) side effects were seen in up to 2% of 
SECTRAL patients: Cardiovascular. hypotension, bradycardia, heart failure. Central Nervous 
System. anxiety, hyper/hypoesthesia, impotence. Dermatological: pruritus. Gastrointestinat: 
vomiting, abdominal pain. Genitourinary: dysuria, nocturia. Musculoskeletal. back pain, joint 
pain. Respiratory: pharyngitis, wheezing. Special Senses: conjunctivitis, dry eye, eye pain. 

The incidence of drug-related adverse effects (volunteered and solicited) according to 
SECTRAL dose is shown below. (Data from 266 hypertensive patients treated for 3 months on 
a constant dose.} 


400 mg/ 
day 
Bocy System {N=132) 


800 mg/ 4200 mg/ 


day 


Cardiovascular 5% 
Gastrointestinal 3% 
Musculoskeletal 2% 
Central Nervous 

System 9% 
Respiratory 1% 
Skin 1% 
Special Senses 2% 
Genitourinary 2% 
ameen 
POTENTIAL ADVERSE EFFECTS: In addition, certain adverse effects not listed above have 
been reported with other B -blocking agents and should also be considered as potential adverse 
effects of SECTRAL 
Central Nervous System: Reversible mental depression progressing to catatonia (an acute 
syndrome characterized by disorientation for time and place), short-term memory toss, 
emotional lability, slightly clouded sensorium, and decreased performance 
{neuropsychometrics) 
Cardiovascular. Intensification of AV biock (see CONTRAINDICATIONS). 
Allergic: Erythematous rash, fever combined with aching and sore throat, laryngospasm, and 
respiratory distress. 
Hematologic: Agranulocytosis, non-thrombocytopenic, and thrombocytopenic purpura. 
Gastrointestinal: Mesenteric arterial thrombosis and ischemic colitis. 
Miscellaneous: Reversible alopecia and Peyronie's disease. The oculomucocutaneous 
syndrome associated with the B-blocker practolol has not been reported with SECTRAL during 
investigational use and extensive foreign clinical experience. 


Keep at room temperature. Approximately 25°C (77°F). 
“Sectrai™ is not indicated in ventricular tachycardia 
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Hyperglycemia and Prognosis of Acute Myocardial Infarction _ 
in Patients Without Diabetes Mellitus Coney Eg 
Giorgio Bellodi, Valeria Manicardi, Vincenzo Malavasi, Leonarda Veneri, 
Giustino Bernini, Paolo Bossini, Salvatore Distefano, Gabriele Magnanini, 
Luigi Muratori, Gianni Rossi, and Anna Zuarini l 


We assessed the prognostic value of hyperglycemia—a common feature in 
the early phase of acute myocardial infarction (AMI)—in 330 nondiabet- 
ic patients. Admission plasma glucose was significantly higher in nonsur- 
vivors (33/330, 10%) than in survivors (163 + 60 vs 114 + 36 mg/dl, p 
<0.0001) and mortality rate increased with increasing admission plasma 
glucose: 3% in normoglycemic patients (<120 mg/dl) versus 15% in 
patients with borderline plasma glucose (>120 <180 mg/dl) versus 43% 
in hyperglycemic patients (>180 mg/dl) (p <0.0001). Hyperglycemia 
was related to all 3 major determinants of mortality identified by multiple 
regression analysis—cardiogenic shock, anterior infarct site and age—. 
but, when age and infarct site were accounted for, hyperglycemia was 
significantly associated with heart failure only and this association was 
characterized by a remarkable mortality. In nondiabetic patients with 
AMI, hyperglycemia is a correlate of heart failure and, therefore, an 
important prognostic factor. 


889 
Long-Term Prognosis of Transient Acute Myocardial Ischemia 
at Rest 

Silva Severi, Claudio Michelassi, Enrico Orsini, Paolo Marraccini, and 
Antonio L’Abbate 





In a group of 639 patients with documented ischemia at rest, the likelihood _ 
of death in the 10-year follow-up was 28% for all patients and 20% 
considering only cardiac deaths. Left ventricular ejection fraction, number 
of 250% narrowed coronary arteries, abnormal basal electrocardiogram, 
duration of coronary artery disease, previous myocardial infarction, pat- 
tern of ST-T changes during episodes of ischemia at rest, age and systemic 
hypertension were found to be significant univariate predictors of survival. 
The Cox survival analysis identified the number of diseased vessels, left 
ventricular ejection fraction, abnormal basal electrocardiogram and ha- 
bitual smoking as independent predictors of death. Thus, long-term prog- 
nosis of patients with ischemia at rest is related to the severity of anatomic 
impairment, independent of the pattern of ST-T changes observed during 
the acute phase. 
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ELEGANT FINGERS 





TREMULOUS FINGERS 





COLD FINGERS. 


All nitroglycerin patches work. 


But Nitro-Dur is the one nitroglycerin patch that 
works So readily, any fingers can easily open and 
apply it...even stiff fingers, clumsy fingers, arthritic 
fingers guided by presbyopic eyes. 


Test it yourself. To see how easy handling Nitro-Dur 
can be, open one and handle it yourself. Compare it 
with other patches. 


Compare its thinness, its comfort, its appearance. 
Nitro-Dur clings bulklessly and bulgelessly to the 
skin, so thin that pores and texture show through... 
so discreet about its presence that it's nearly 
invisible. Handle one and see. Handling is believing! 


Please see next page for brief summary of prescribing information. Copyright © 1988, Key Pharmaceuticals, inc., Kenttworth, NJ 07033. All rights reserved. 





The Anyfingers Patch. 
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CLUMSY FINGERS 
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Nitro-Dur’ 
(nitroglycerin) 


Transdermal Infusion System 


Easy to 
open... 


apply... 
remove. 


5 mg patch, actual size. 





° «Easy opona even for 
arthritic hands. 

+ Round-the-clock cling—lies 
flat, holds tight. 

* Hard to notice, easy to wear— 
semitransparent, soft and 
flexible. 

* Push-button removal—just a 
press in the center raises the 
rim for easy lift-off. 

BRIEF SUMMARY 





INDICATIONS AND USAGE: This drug product 
has been conditionally approved by the FDA 
for the prevention and treatment of angina 
pectoris due to coronary artery disease. The 
conditional approval reflects a determination 
that the drug may be marketed while further in- 
vestigation of its effectiveness is undertaken. 

A final evaluation of the effectiveness of the 
product will be announced by the FDA. 


CONTRAINDICATIONS: Intolerance of organic 
nitrate drugs, marked anemia. 


WARNINGS: The NITRO-DUR system should be 
used under careful clinical and/or hemodynamic 
monitoring in patients with acute myocardial in- 
farction or congestive heart failure. 

In terminating treatment of anginal patients, 
both the dosage and frequency of application 
must be gradually reduced over a period of 4 to 
6 weeks in order to prevent sudden withdrawal 
reactions, which are characteristic of all vaso- 
dilators in the nitroglycerin class. 


PRECAUTIONS: Symptoms of hypotension, such 
as faintness, weakness or dizziness, particularly 
orthostatic hypotension, may be due to over- 
dosage. If during the course of treatment these 
symptoms occur, the dosage should be reduced 
or use of the product discontinued. 

NITRO-DUR is not intended for use in the 
treatment of acute anginal attacks. For this pur- 
pose, occasional use of sublingual nitroglycerin 
may be necessary. 

Pregnancy: Pregnancy Category C. Animal 
reproduction studies have not been conducted 
with NITRO-DUR. it is also not known whether 
nitroglycerin can cause fetal harm when adminis- 
tered to a pregnant woman or can affect repro- 
duction capacity. Nitroglycerin should be given to 
a pregnant woman only if clearly needed. 
Nursing Mothers: It is not known whether nitro- 
glycerin is excreted in human milk. Because 
many drugs are excreted in human milk, caution 
should be exercised when NITRO-DUR is admin- 
istered to a nursing woman. 


ADVERSE REACTIONS: Transient headache is 
the most common side effect, especially when 
higher doses of the drug are administered. Head- 
aches should be treated with mild analgesics 
while continuing NITRO-DUR therapy. If head- 
ache persists, the NITRO-DUR dosage should be 
reduced or use of the product discontinued. 
Adverse reactions reported less frequently in- 
clude hypotension, increased heart rate, faint- 
ness, flushing, dizziness, nausea, vomiting, and 
dermatitis. Except for dermatitis, these symptoms 
aré attributed to the pharmacologic effects of 
nitroglycerin. However, they may be symptoms of 
overdosage. When they persist, the NITRO-DUR 
dosage should be reduced or use of the product 
discontinued. 
CAUTION: Federal law prohibits dispensing 
without prescription. EDP #1030160 
Revised 09/87 14362304 | 


Copyright © 1987, Key Pharmaceuticals, nc. 
~-Kenilworth, “NJ.07033. All rights reserved. 
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aluation of effectiveness by the FDA. 
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Thiazide Diuretics 


In study after study, they have 
been associated with increases 
in cholesterol. 


And now, the Lipid Research 
Clinics Trial has established 

a clear link between elevated 
lipids and risk of coronary heart 
disease.’ Thiazide diuretics are 
also known to cause potassium 
depletion, which, untreated, 
can lead to cardiac arrhythmias. 
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LOZOL’ (indapamide) 
alone 


In long-term clinical trials, 

Lozol has demonstrated little or 
no effect on serum cholesterol 
levels.24* 


Lozol also has minimal impact on 
potassium, with 95% of patients 
showing no clinical hypokalemia 
in a long-term trial.?* 


*Lozol is not a cholesterol-lowering agent, nor has it been 
shown to reduce existing atherosclerotic plaque 


tBecause of the diuretic effects of Lozol, changes 
in certain electrolytes can occur. Determination of serum 
electrolytes should therefore be performed. 
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LOZOL + ACE inhibitor 
or calcium antagonist 


Like ACE inhibitors and 

calcium antagonists, Lozol lowers 
blood pressure without compro- 
mising cholesterol or potassium. 


That makes Lozol the diuretic to 
choose for kindhearted add-on 
antihypertensive therapy. 


ONE ADA s 





INDAFANMIE 25mg 
The diuretic that doesn't 
compromise cholesterol 
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F The diuretic that doesn’t 
E compromise cholesterol 
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Cardiorespiratory Response to Exercise in Congenital 
Complete Atrioventricular Block 

Tony Reybrouck, Bavo Vanden Eynde, Monique Dumoulin, and 
Lucas G. Van der Hauwaert 


Cardiorespiratory exercise testing was performed in 8 patients, aged 8 to 
17 years, with congenital complete atrioventricular block. Exercise perfor- 
mance capacity was assessed by determination of the ventilatory threshold 
during exercise. The mean value for the ventilatory threshold was signifi- 
cantly lower (p <0.05) than the normal mean value. When expressed as a 
percentage of the normal mean value, the heart rate was subnormal 
(below the 95% confidence limit) in all patients throughout different 
exercise levels. Oxygen uptake during exercise was significantly lower in 
patients than in normal control subjects, which suggests inadequate hemo- 
dynamic and metabolic adjustments to the relative exercise bradycardia. 
Exercise testing was found to be useful because the resting heart rate did 
not permit us to predict the relative exercise bradycardia or the degree of 
exercise intolerance. 


900 

Prevalence, Time Course and Malignancy of Ventricular 
Arrhythmia During Spontaneous Ischemic ST-Segment 
Depression 

Gioia Turitto, Egidio Zanchi, Angela Maddaluna, Adalberto Pellegrini, Anna 
Lisa Risa, and Pier Luigi Prati 


Ventricular arrhythmias associated with transient myocardial ischemia 
were studied in 60 patients showing spontaneous ischemic attacks with 
ST-segment depression during ambulatory electrocardiography. Ten pa- 
tients (group 1, 17%) developed ventricular arrhythmias during 26 of 92 
ischemic attacks, while 50 patients (group 2) did not. Daily ischemic 
attacks and total ischemic time were greater in group | than in group 2 (p 
<0.01). In group 1, ischemic attacks with arrhythmias were longer (p 
<0.01) and more frequently symptomatic (p <0.02) than those without 
arrhythmias. Arrhythmias appeared at the onset or peak of ST-segment 
depression (ischemia phase) in 6 patients, during the resolution of ST- 
segment depression (recovery phase) in 2, and during both phases in the 
remaining 2. Ischemia phase arrhythmias showed a longer latency and 
duration (p <0.01) than recovery phase arrhythmias. The proportion of 
ventricular premature complexes initiating ventricular tachycardia was 
greater during the ischemia than during the recovery phase (4.5 vs 0.6%, p 
<0.02). Thus, in patients with spontaneous angina, ventricular arrhyth- 
mias may accompany recurrent, prolonged and symptomatic ischemic 
attacks with ST-segment depression; ischemia phase arrhythmias show a 
greater frequency, duration and malignancy with respect to recovery 
phase arrhythmias. 
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Simply Revolutionary. 





Mix and maten 
patient parameter 
modules, racks, 
printers, record- 
ers, and displays. 


Simply put: It’s revolutionary. 
The patient monitoring system 
that has it all. Sophisticated 
data management; information 
reliability; unprecedented 
versatility with a comprehen- 
sive range of interchangeable 
parameter modules for the 
ICU/CCU; intuitive operation 
for ease of use; color displays 
for enhanced readability; 
flexibility to customize screens, 
printed reports, and graphical 
and tabular trends; bedside 
recorder for real-time and 
delayed alarm recording; stor- 
age and printout of patient’s 
vital signs over the past 24 or 
48 hours; and component 
modularity for affordability 
and guaranteed upgradabil- 
ity. Introducing the HP Com- 
ponent Monitoring System. 


Now data management is 
as easy as 1, 2, 3. 

Literally. Because our Compo- 
nent Monitoring System does 
for patient information what 
the electronic spreadsheet 
did for business management. 
Powerful pre-programmed 
calculations let you see hemo- 
dynamic, oxygenation, and 


Satellite rack can be mounted in 
remote locations for maximum 
convenience and accepts extra 
parameter modules for additional 
measurements. 


Moaular COMPU- OMUpLUILy ILSUELL; 
nents separate intuitive opera- 
so you can cus- tion, built-in 
tomize system to .training database, 
your needs, the and on-screen 
patient’s needs, ‘‘help’’ and 
andthe physical prompts simplify 
layout of the learning for 
room. nurses and staff. 


ventilation results on-screen 
already calculated in tabular 
format. Now imagine printing 
that information at the bed- 
side—in any configuration 
you want, with only the in- 
formation you want—with all 
important patient informa- 
tion marked and annotated. 


Information when you 
need it. 

Instantly. With on-screen ac- 
cess to complete physiological 
information. Now you can 
make diagnostic decisions 
more quickly, easily, and con- 
fidently. And, you can even 
make them at home or in your 
office with a computer via 

a modem. You’ll also find it 
easier than ever to check car- 
diac output and wedge pres- 
sures. And another feature 
you'll appreciate is that every 
screen, chart, or printout is 


formatted with a patient ID 
for accuracy and convenience. 


Information where you 
want it. 

Allin one place. In one system, 
on one screen. And thanks 

to component modularity, 

you can mix and match patient 
parameter modules, satellite 
racks, printers, recorders, and 
displays to tailor that informa- 
tion to your specific needs. 


System updateability 
protects your investment. 
HP gives you exactly what you 
want or can afford now, and 
lets you add different capabili- 
ties later. You can even incor- 
porate future technology as 
it’s made available. But that’s 
not all. There’s also Hewlett- 
Packard’s system reliability 
and unmatched service and 
support. So whether you 
want an easy-to-use patient 
monitoring system that’s the 
most advanced, the most 
powerful, or the most versatile, 
the choice is simple. It’s HP’s 
revolutionary new Compo- 
nent Monitoring System. Call 
your local HP representative 
and ask for a demonstration. 
It’s that simple. 


The new revolution in 
patient monitoring. 
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As predictable as 
the sunrise... 


The morning rise 
in myocardial ischemia’ 


AM peak in ischemia 





Sta] 


NM 
oO 
T 


Number of episodes 
z 5 


























Wake-up time 


Studies indicate that a similar circadian pattern also 
exists for: 


— Myocardial infarction? 

— Sudden cardiac death? 
— Ischemic stroke‘ 
—Heart rate’ 

— Blood pressure® 
—Plasma catecholamines® 
—Platelet aggregation.® 


OS NTT: “TR 
Corgard® (nadolol tablets) is not indicated for treatment or prevention of 
myocardial infarction, sudden cardiac death, or ischemic stroke. 


reece. 
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CORGARD 


24-hour antianginal protection... 
throughout the circadian pattern 
of myocardial ischemia’ 
































Corgard: The beta blocker Corgard: Significantly greater 
with the longest duration of action®... | suppression of exercise double 
and the longest half life? product than atenolol at 24 hours” 
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Beta-blocker serum half life (hours).° Adapted from Kostis, Am J Cardiol, 1988.1 


(nadolol tablets) 


Please see brief summary of prescribing information on adjacent page. 
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CORGARD’ 


(nadolol tablets) 
On guard, 24 hours a day 


DO QD Gare 


20 mg 40 mg 80 mg 


CORGARD"* TABLETS 
Nadolol Tablets USP 


DESCRIPTION: CORGARD (nadolol) is a synthetic nonselective beta-adrenergic receptor block- 
ing agent. 


CONTRAINDICATIONS: Bronchial asthma, sinus bradycardia and greater than first degree con- 
duction block, cardiogenic shock, and overt cardiac failure (see WARNINGS). 


WARNINGS: Cardiac Failure—Sympathetic stimulation may be a vital component supporting 
circulatory function in congestive heart failure, and its inhibition by beta-blockade may precipitate 
more severe failure. Although beta-blockers should be avoided in overt congestive heart failure, if 
necessary, they can be used with caution in patients with a history of failure who are well- 
compensated, usually with digitalis and diuretics. Beta-adrenergic blocking agents do not abolish 
the inotropic action of digitalis on heart muscle. IN PATIENTS WITHOUT A HISTORY OF HEART 
FAILURE, continued use of beta-blockers can, in some cases, lead to cardiac failure; therefore, at 
first sign or symptom of heart failure, digitalize and/or give diuretics, and closely observe re- 
sponse, or discontinue nadolol (gradually if possible). 


Exacerbation of Ischemic Heart Disease Following Abrupt Withdrawal—Hypersen- 
sitivity to catecholamines has been observed in patients withdrawn from beta-blocker ther- 
apy; exacerbation of angina and, in some cases, myocardial infarction have occurred after 
abrupt discontinuation of such therapy. When discontinuing chronic use of nadolol, particu- 
larly in patients with ischemic heart disease, gradually reduce dosage over a 1- to 2-week 
period and carefully monitor the patient. Reinstitute nadolol promptly (at least temporarily) 


and take other measures appropriate for management of unstable angina if angina markedly 
worsens or acute coronary insufficiency develops. Warn patients not to interrupt or discon- 
tinue therapy without physician's advice. Because coronary artery disease is common and 
may be unrecognized, it may be prudent not to discontinue nadolol therapy abruptly even in 
patients treated only for hypertension. 





Nonallergic Bronchospasm (e.g., chronic bronchitis, emphysema)—PATIENTS WITH 
BRONCHOSPASTIC DISEASES SHOULD IN GENERAL NOT RECEIVE BETA-BLOCKERS. Ad- 
minister nadolol with caution since it may block bronchodilation produced by endogenous or 
exogenous catecholamine stimulation of beta, receptors. 


Major Surgery—Because beta blockade impairs the ability of the heart to respond to reflex 
stimuli and may increase risks of general anesthesia and surgical procedures, resulting in protracted 
hypotension or low cardiac output, it has generally been suggested that such therapy should be 
withdrawn several days prior to surgery. Recognition of the increased sensitivity to catecholamines 
of patients recently withdrawn from beta-blocker therapy, however, has made this recommenda- 
tion controversial. If possible, withdraw beta-blockers well before surgery takes place. In emer- 
gency surgery, inform the anesthesiologist that the patient is on beta-blocker therapy. Use of 
beta-receptor agonists such as isoproterenol, dopamine, dobutamine, or levarterenol can reverse 
the effects of nadolol. Difficulty in restarting and maintaining the heart beat has also been reported 
with beta-adrenergic receptor blocking agents. 


Diabetes and Hypoglycemia—Beta-adrenergic blockade may prevent the appearance of pre- 
monitory signs and symptoms (e.g., tachycardia and blood pressure changes) of acute hypogly- 
cemia. This is especially important with labile diabetics. Beta-blockade also reduces release of 
insulin in response to hyperglycemia; therefore, it may be necessary to adjust dose of antidiabetic 
drugs, 

Thyrotoxicosis—Beta-adrenergic blockade may mask certain clinical signs (e.g., tachycardia) 
of hyperthyroidism. To avoid abrupt withdrawal of beta-adrenergic blockade which might precipi- 
tate a thyroid storm, carefully manage patients suspected of developing thyrotoxicosis. 


PRECAUTIONS: Impaired Renal Function—Use nadolol with caution (see DOSAGE AND AD- 
MINISTRATION section of package insert). 


Information for Patients—Warn patients, especially those with evidence of coronary artery 
insufficiency, against interruption or discontinuation of nadolol without physician's advice. Although 
Cardiac failure rarely occurs in properly selected patients, advise patients being treated with beta- 
adrenergic biocking agents to consult physician at first sign of impending failure. Advise patients 
in event of missed doses. 


Drug Interactions—Concurrent administration may result in interactions with: Anesthetics, 
general—exaggeration of the hypotension induced by general anesthetics (see WARNINGS, Ma- 
jor Surgery). Antidiabetic drugs (oral agents and insulin)—hypoglycemia or hyperglycemia; adjust 
antidiabetic drug dosage accordingly (see WARNINGS, Diabetes and Hypoglycemia). Cate- 
cholamine-depleting drugs (e.g., reserpine)—additive effect; monitor closely for hypotension and/or 
excessive bradycardia. 


Carcinogenesis, Mutagenesis, Impairment of Fertility—In 1 to 2 year oral toxicologic stud- 
ies in mice, rats, and dogs, nadolol did not produce significant toxic effects. In 2-year oral carcino- 
genic studies in rats and mice, nadolol did not produce neoplastic, preneoplastic, or nonneoplastic 
pathologic lesions. 


Pregnancy Category C—In animal reproduction studies with nadolol, evidence of embryo- and 
fetotoxicity was found in rabbits (but not in rats or hamsters) at doses 5 to 10 times greater (on a 
mg/kg basis) than maximum indicated human dose; no teratogenic potential was seen in any of 
these species. There are no well-controlled studies in pregnant women; therefore, use nadolol in 


120 mg 160 mg 


pregnantwomen only if potential benefit justifies potential risk to the fetus. Neonates of mothers who 
received nadolol at parturition have exhibited bradycardia, hypoglycemia and associated symptoms. 


Nursing Mothers—Nadolol is excreted in human milk. Exercise caution when nadolol is 
administered to a nursing woman, 


Pediatric Use—Satfety and effectiveness in children have not been established. 


ADVERSE REACTIONS: Most adverse effects have been mild and transient and have rarely 
required nadolol withdrawal. 


Cardiovascular—Bradycardia with heart rates of less than 60 beats per minute occurs com- 
monly, and heart rates below 40 beats per minute and/or symptomatic bradycardia were seen in 
about 2 of 100 patients. Symptoms of peripheral vascular insufficiency, usually of the Raynaud 
type, have occurred in approximately 2 of 100 patients. Cardiac failure, hypotension, and rhythm/ 
conduction disturbances have each occurred in about 1 of 100 patients. Single instances of first 
degree and third degree heart block have been reported; intensification of AV block is a known 
effect of beta-blockers (see also CONTRAINDICATIONS, WARNINGS, and PRECAUTIONS). Cen- 
tral Nervous System—Dizziness or fatigue reported in approximately 2 of 100 patients; paresthe- 
Sias, sedation, and change in behavior reported in approximately 6 of 1000 patients. 
Respiratory—Bronchospasm reported in approximately 1 of 1000 patients (see CONTRAINDI- 
CATIONS and WARNINGS). Gastrointestinal—Nausea, diarrhea, abdominal discomfort, consti- 
pation, vomiting, indigestion, anorexia, bloating, and flatulence each reported in 1 to 5 of 1000 
patients. Miscellaneous— Each of the following reported in 1 to 5 of 1000 patients: rash; pruritus; 
headache; dry mouth, eyes, or skin; impotence or decreased libido; facial swelling; weight gain; 
slurred speech; cough; nasal stuffiness; sweating; tinnitus; blurred vision; infrequent reversible 
alopecia. 

The following adverse reactions have been reported in patients taking nadolol and/or other 
beta-adrenergic blocking agents, but no causal relationship to nadolol has been established. 
Central Nervous System—reversible mental depression progressing to catatonia; visual dis- 
turbances; hallucinations; an acute reversible syndrome characterized by disorientation for time 
and place; short-term memory loss, emotional lability with slightly clouded sensorium; decreased 
performance on neuropsychometrics, Gastrointestinal—mesenteric arterial thrombosis; ischemic 
Colitis; elevated liver enzymes. Hematologic—agranulocytosis; thrombocytopenic or nonthrom- 
Docytopenic purpura. Allergic—fever combined with aching and sore throat; laryngospasm; 
respiratory distress. Miscellaneous— pemphigoid rash; hypertensive reaction in patients with 
pheochromocytoma; sleep disturbances; Peyronie's disease. The oculomucocutaneous syndrome 
associated with practolol has not been reported with nadolol. 


OVERDOSAGE: Nadolol can be removed from the general circulation by hemodialysis. In addi- 
tion to gastric lavage, employ the following measures as appropriate. In determining duration of 
corrective therapy, take note of long duration of effect of nadolol. 

Excessive Bradycardia—Administer atropine (0.25 to 1.0 mg). If there is no response to vagal 
blockade, administer isoproterenol cautiously. 

Cardiac Failure—Administer a digitalis glycoside and diuretic. It has been reported that glucagon 
may also be useful in this situation. 


Hypotension—Administer vasopressors, e.g., epinephrine or levarterenol. (There is evidence 
that epinephrine may be the drug of choice.) 


Bronchospasm—Administer a beta,-stimulating agent and/or a theophylline derivative. 


DOSAGE-—For all patients, DOSAGE MUST BE INDIVIDUALIZED. 

For angina pectoris, usual initial dose is 40 mg qd; may be gradually increased in 40 to 80 mg 
increments at 3 to 7 day intervals until optimum clinical response or pronounced slowing of the 
heart rate; usual maintenance dose is 40 or 80 mg qd (doses up to 160 or 240 mg daily may be 
needed), If treatment is to be discontinued, reduce dosage gradually over a period of 1 to 2 weeks 
(see WARNINGS). 

For hypertension, usual initial dose is 40 mg qd; gradually increase in 40 to 80 mg increments 
until optimum blood pressure reduction is achieved; usual maintenance dose is 40 or 80 mg qd 
(doses up to 240 or 320 mg daily may be needed). 

Patients with renal failure require adjustment in dosing interval; see package insert for dosage 
in these patients. 


For full prescribing information consult package insert. 


HOW SUPPLIED: In scored tablets containing 20, 40, 80, 120, or 160 mg nadolol per tablet in 

bottles of 100. The 40 mg, 80 mg, and 120 mg tablets are available in bottles of 1000 tablets, The 

20 mg, 40 mg, and 80 mg tablets are also available in Unimatic* unit-dose packs of 100 tablets. 
(J4-156) 
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Effect of Blood Pressure and Afterload on Doppler 
Echocardiographic Measurements of Left Ventricular Systolic 
Function in Human Subjects 

Michael R. Harrison, G. Dennis Clifton, Martin R. Berk, and Anthony N. 
DeMaria, with the technical assistance of Annette Cater and Donna Burns 


Few data exist regarding the influence of afterload on Doppler indexes of 
left ventricular systolic function in man. Therefore, we studied 14 normal 
volunteers (mean age 28 years) using continuous wave Doppler echocardi- 
ography performed from the suprasternal notch both at baseline and 
during a controlled infusion of methoxamine. Left ventricular peak systol- 
ic (opk) and end-systolic (ogg) wall stress were calculated noninvasively 
using blood pressure and echocardiographic dimensions. Heart rate was 
held constant by transesophageal atrial pacing. Methoxamine resulted in 
significant increases in mean systolic and diastolic blood pressure as well 
as opk and ogs (p $0.0004 for all). Conversely, peak velocity decreased 
from 0.91 + 0.18 m/s at baseline to 0.8 + 0.18 m/s (p <0.002) and peak 
acceleration decreased from 22 + 5 m/s? at baseline to 19 + 5 m/s? (p 
<0.006) during methoxamine infusion. Aortic flow velocity and peak 
acceleration are inversely related to afterload. This relation should be 
considered when using serial determinations of these Doppler parameters. 
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Modes of Death and Types of Cardiac Disease in Opiate 
Addicts: Analysis of 168 Necropsy Cases 

Frederick A. Dressler and William C. Roberts 


We studied at necropsy 168 opiate addicts with prime focus on modes of 
death and types of cardiac abnormalities. In the 168 patients, 20 various 
modes of death were identified: active infective endocarditis or its conse- 
quences in 67 (40%), drug overdose in 39 (24%), coronary artery disease 
in 14 (8%), pulmonary granulomatosis in 7 (4%) and 15 various diseases 
(7 cardiac and 8 noncardiac) in the remaining 42 (24%) patients. Of the 
168 hearts examined only 7 (4%) were normal. Although infective endo- 
carditis (active, healed, or both) was most common (80 [48%] patients), 
there were a broad range of other cardiac abnormalities present: cardio- 
megaly in 114 (68%) (including 22 patients without another cardiac 
abnormality), coronary artery disease in 35 (21%), acquired valvular 
heart disease in 16 (10%), myocardial heart disease in 14 (8%) and a 
congenital cardiac anomaly in 19 (11%). Of the 35 hearts with various 
coronary artery diseases, 28 had significant (>75%) narrowing of the 
cross-sectional area of | or more of the 4 major epicardial coronary 
arteries by atherosclerotic plaque. In this study, a very high frequency of 
cardiac abnormalities (161 [96%]) was found at necropsy and most deaths 
(97 [58%]) were related to cardiac disease. Although death was most often 
due to diseases whose association to opiate addiction is well recognized, 
several other modes of death were present. Most prominent among these 
was coronary artery disease (14 patients [8%]). 


. Continued on page A42 
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Influence of Temporal Smoothing on Quantitation of Left 
Ventricular Function by Gated Blood Pool Scintigraphy 

Robert O. Bonow, Stephen L. Bacharach, Cynthia Crawford-Green, and 
Michael V. Green 


To assess the effect of temporal smoothing on indexes of left ventricular 
(LV) function by radionuclide angiography, we obtained high temporal 
resolution time-activity curves (20 ms/point) in 113 normal subjects, 175 
patients with coronary artery disease and 171 patients with hypertrophic 
cardiomyopathy. Each study was then subjected to 0-, 3-, 5-, 7- and 9- 
point temporal smoothing. In each group, increased smoothing progres-. 
sively and consistently underestimated ejection fraction by up to 5% (p 
<0.001), peak ejection rate by up to 14% (p <0.001) and peak filling rate 
by up to 23% (p <0.001 ). These errors were compounded further when the 
same data obtained at lower temporal resolution (40 ms/point) were 
analyzed. The underestimation was not uniform, and its magnitude varied 
considerably among individuals in each of the 3 groups. Thus, temporal — 
smoothing may result in significant systematic errors in computation of 
indexes of LV systolic and diastolic function, especially in data with poor 
temporal resolution. 


926 
Computer-Based Implementation of the ST-Segment/Heart 
Rate Slope 

Peter M. Okin and Paul Kligfield 





To assess the accuracy of on-line computerized measurement of ST- 
segment depression and recently implemented ST/HR slope algorithms, 
we evaluated 50 patients exercised with a Marquette Electronics CASE 
12 system and 50 patients exercised with a Quinton Q5000 system. Com- 
puterized ST-segment measurements, to the nearest 10 uV, were com- 
pared with averaged manual measurements from the raw signal, to the: 
nearest 25 pV, at peak exercise in leads II and CMs. The CASE 12 and 


Q5000 algorithms for selection of data and calculation of the maximal == > 


ST/HR slope were compared with the ST /HR slope calculated from end- 
stage data points according to our standard off-line procedure. Manual 
ST-segment measurements correlated highly with the CASE 12 and the 
Q5000 determinations (r = 0.996 to 0.998), with the slopes of their 
regression lines approaching unity (range 0.98 to 1.02). Each on-line 
program selected data points and determined ST/HR slopes in complete 
accordance with standard calculations. We conclude that computer-based 
measurement of the ST/HR slope can be performed with a high degree of 
accuracy. 


Continued on page A46 adil 
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"BRIEF SUMMARY (FOR FULL PRESCRIBING INFORMATION, SEE PACKAGE CIRCULAR) 
INDERAL® LA brand of propranolol hydrochloride (Long Acting Capsules) 


‘DESCRIPTION. INDERAL LA is formulated to provide a sustained release of propranolo! 
‘hydrochloride. INDERAL LA is available as 60 mg, 80 mg, 120 mg, and 160 mg capsules. 


CLINICAL PHARMACOLOGY. INDERAL is a nonselective, beta-adrenergic receptor- 

~ blocking agent possessing no other autonomic nervous system activity. It specifically com- 
“pétes with beta-adrenergic receptor-stimulating agents for available receptor sites. When 
access to beta-receptor sites is blocked by INDERAL, the chronotropic, inotropic, and vaso- 
dilator responses to beta-adrenergic stimulation are decreased proportionately. 

INDERAL LA Capsules (60, 80, 120, and 160 mg) release Papert HCl at a controlled and 
predictable rate. Peak blood levels following dosing with INDERAL LA occur at about 6 hours 
and the apparent plasma half-life is about 10 hours. When measured at steady state over a 
24-hour period the areas under the propranolol plasma concentration-time curve {AUCs) for 
the re aarti are approximately 60% to 65% of the AUCs for a comparable divided daily dose 
of INDERAL Tablets. The lower AUCs for the capsules are due to greater hepatic metabolism of 
poe resulting from the slower rate of absorption of propranolol. Over a twenty-four (24} 
eh period, blood levels are fairly constant for about twelve (12) hours then decline exponen- 

ally. 

INDERAL LA should not be considered a simple mg-for-mg substitute for conventional 
propranolo! and the blood levels achieved do not match (are lower than) those of two to four 
times daily dosing with the same dose. When changing to INDERAL LA from conventional 

final dats a possible need for retitration upwards should be considered especially to main- 
i, tain effectiveness at the end of the dosing interval. In most clinical settings, however, such as 
h pertension or angina where there is little correlation between plasma levels and clinical 
-elfect, INDERAL LA has been therapeutically equivalent to the same mg dose of conventional 
INDERAL as assessed by 24-hour effects on blood pressure and on 24-hour exercise re- 
* sponses of heart rate, systolic pressure, and rate pressure product. INDERAL LA can provide 
‘effective beta blockade for a 24-hour period. 


INDICATIONS AND USAGE. Hypertension: INDERAL LA is indicated in the manage- 
ment of hypertension: it may be used alone or used in combination with other antihypertensive 
agents, particularly a thiazide diuretic. INDERAL LA is not indicated in the management of 


hypertensive emergencies 
Angina Pectoris Due to Coronary Atherosclerosis: INDERAL LA is indicated for the 


long-term management of patients with angina pectoris. 
Migraine: INDERAL LA is indicated for the prophylaxis of common migraine headache 
= Thee fiçacy of propranolol in the treatment of a migraine attack that has started has not been 
-established and propranoiol is not indicated for such use. 
i f Subaortic z INDERAL LA is useful in the management of hyper- 
trophic subaortic stenosis, Saneca tor treatment of exertional or other stress-induced 
angina, palpitations, and Syncope. INDERAL LA also improves exercise performance. The 
-effectiveness of propranolol hydrochioride in this disease appears to be due to a reduction of 
the elevated outflow pressure gradient which is exacerbated by beta-receptor stimulation. 
Clinical improvement may be temporary. 


.CONTRAINDICATIONS. !NDERAL is contraindicated in 1) cardiogenic shock: 2) sinus 
bradycardia and greater than first-degree 
block; 3) bronchial asthma: 4) congestive heart 


adrenoreceptor blockade can cause reduction of intraocular pressure. Patients should 


return of increased intraocular pressure. - 


~ Be 
be fold that INDERAL may interfere with the glaucoma screening test. Withdrawal may leadioa. 


CLINICAL LABORATORY TESTS: Elevated blood urea levels in patients with severe heart: 


disease, elevated serum transaminase, alkaline phosphatase, lactate dehydrogenase. z 

DRUG INTERACTIONS: Patients receiving catecholamine-depleting drugs such as reser- 
pine should be closely observed if INDERAL (propranolol HC} is administered. The added 
catecholamine-blocking action may produce an excessive reduction of resting sympathetic 
nervous activity which may result in hypotension, marked bradycardia, vertigo, syncopal 
attacks, or orthostatic hypotension. 

Caution should be exercised when patients receiving a beta blocker are administered a 
calcium-channe!-blocking drug, especially intravenous verapamil, for both agents may de- 
press myocardial contractility or atrioventricular conduction. On rare occasions. the concami- 
tant intravenous use of a beta blocker and verapamil has resulted in serious adverse reactions, 
especially in patients with severe cardiomyopathy, congestive hear! failure, or recent myocar- 
dial infarction. 

Aluminum hydroxide gel greatly reduces intestinal absorption of propranolol. 

Ethanol slows the rate of absorption of propranolol. 

Phenytoin, phenabarbitone, and rifampin accelerate propranolol clearance, 

Chiorpromazine, when used concomitantly with propranolol, results in increased plasma 
levels of both drugs 

Antipyrine and lidocaine have reduced clearance when used concomitantly with 
propranolol 

hyroxine may result in a lower than expected T3 concentration when used concomitantly 
with propranolol 

Cimetidine decreases the hepatic metabolism of propranolol, delaying elimination and 
increasing blood levels 

Theophylline clearance is reduced when used veoh wiih Fopranolol. 

CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Long-term studies in 
animals have been conducted to evaluate toxic effects and carcinogenic potential, In 18- 
month studies in both rats and mice, employing doses up to 150 mg/kg/day, there was no 
evidence of significant drug-induced toxicity. There were no drug-related tumorigenic effects 
at any of the dosage levels. Reproductive studies in animals did not show any impairment of 
fertility that was attributable to the drug. 

PREGNANCY: Pregnancy Category C. INDERAL has been shown to be embryotoxic in 
animal studies at doses about 10 times greater than the maximum recommended human dose. 

There are no adequate and well-controlled studies in pregnant women. INDERAL should be 
used during pregnancy only if the potential benefit justifies the potential risk t6.the fetus. 

NURSING MOTHERS: INDERAL is excreted in human milk. Caution should be exercised 
when INDERAL is administered to a nursing woman. 

PEDIATRIC USE: Safety and effectiveness in children have not been established 


ADVERSE REACTIONS. Most adverse effects have been mild and transient and have rarely 
required the withdrawal of therapy. 

ardiovascular: Bradycardia; congestive heart failure; intensification of AV block; hypoten- 
sion: paresthesia of hands: thrombocytopenic purpura: arterial insufficiency. usually of the 
Raynaud type. 

Central Nervous System: Light-headedness: mental depression manifested by insomnia, 
lassitude, weakness, fatigue: reversible mental depression progressing to catatonia; visual 
disturbances: hallucinations; vivid dreams: an 
acute reversible syndrome characterized by 





failure (see WARNINGS) unless the failure is r 
secondary to a tachyarrhythmia treatable with 


INDERAL. ONCE-DAILY 
_ WARNINGS, CARDIAC FAILURE: Sympa- l 


thetic slaps may be a vital companen 
supporting circulatory function in patients wit 
congestive heart failure. and its inhibition by (PROPRANOLOL HCl} 
beta blockade may precipitate more severe 
failure. Although beta blockers should be 
avoided in overt congestive heart failure. if nec- LONG ACTING CAPSULES 
essary. they Can be used with close follow-up in 
‘patients witha history of failure who are well ka 
compensated and are receiving digitalis and 
giuretcs. Beta-adrenergic blocking agents do not abolish the inotropic action of digitalis on 
art muscle. 
IN: PATIENTS WITHOUT A HISTORY OF HEART FAILURE, continued use of beta blockers 
-canin some cases, lead to cardiac failure. Therefore, at the first sign or symptom of heart 
failure, the patient should be digitalized and/or treated with diuretics, and the response 
observed closely, or INDERAL should be discontinued {gtadually, if possible). 


INPATIENTS WITH ANGINA PECTORIS, there have been reports of exacerbation of 
agra and, in some cases, myocardial infarction, following abrupt discontinuance of 
INDERAL therapy. Therefore, when discontinuance of INDERAL is planned, the dosage 
should be gradually reduced over at least a few weeks, and the patient should be 
cautioned against interruption or cessation of therapy without the physician's advice. if 
INDERAL pit Hi is interrupted and exacerbation of angina occurs, it usually is advisable 
“to.reinstitute INDERAL therapy and take other measures appropriate for the management 
of unstable angina pectoris. Since Coronary artery disease may be unrecognized, it may 
. be prudent to follow the above advice in patients considered at risk of aving occult 
atherosclerotic heart disease who are given propranolol for other indications 











Nonallergic Bronchospasm {eg, chronic bronchitis, emphysema} — PATIENTS 
WITH BRONCHOSPASTI DISEASES SHOULD IN GENERAL NOT RECEIVE BETA 
BLOCKERS. INDERAL shouid be administered with caution since it may block bronchodilation 
produced by endogenous and exogenous catecholamine stimulation of beta receptors 

MAJOR SURGERY. The necessity or desirability of withdrawal of beta-blocking therapy prior 
to major surgery is controversial. It should be noted, however, that the impaired ability of the 
heart to respond to reflex adrenergic stimuli may augment the risks of general anesthesia and 
surgical procedures. 

INDERAL {propranolol HCI), like other beta biockers, is a competitive inhibitor of beta-recep- 

_ tOragonists and its effects can be reversed by administration of such agents, eg. dobutamine 
Of isoproterenol. However, such patients may be subject to protracted severe hypotension. 

Difficulty in giarting and maintaining the heartbeat has also been reported with beta blockers 
DIABETES AND HYPOGLYCEMIA: Beta blockers shouid be used with caution in diabetic 
Patients if a beta-blocking agent is required. Beta blockers may mask tachycardia occurring 
: with hypoglycemia, but other manifestations such as dizziness and sweating may not be 

Significantly affected. Following insulin-induced hypoglycemia, propranolo! may cause a delay 
in the recovery of blood glucose to normal levels 

THYROTOXICOSIS; Beta blockade may mask certain clinical signs of hyperthyroidism 
Therefore, abrupt withdrawal of propranolol may be followed by an exacerbation of symptoms 
of hyperthyroidism, including thyroid storm. Propranolol may change thyroid function tests, 
increasing Taand reverse Ts, and decreasing Ta. 

IN-PATIENTS WITH WOL -PARKINSON WHITE SYNDROME, severai cases have been 
reported:in which, after propranolol, the tachycardia was replaced by a severe bradycardia 
requiring a demand pacemaker. In one case, this resulted after an initial dose of 5 mg 
propranolol. 


_ PRECAUTIONS. GENERAL: Propranolol should be used with caution in patients with im- 
paired hepatic or renal function. INDERAL (propranolol HC!) is not indicated for the treatment of : 


lypertensive emergencies.. 


disorientation for tme and place, short-term 
memory loss, emotional lability, slightly 
clouded sensorium, and decreased perfor- 
mance on neuropsychormetrics, Far immediate 
formulations, fatigue, lethargy, and vivid 
dreams appear dose related. 

Gastrointestinal’ Nausea, vomiting, epigas- 
tric distress, abdominal cramping, diarrhea, 
constipation, mesenteric arterial thrombosis, 
ischemic colitis 

Allergic: Pharyngitis and agranulocytosis, 
erythematous rash, fever combined with ach- 








ing and sore throat, laryngospasm and respira- 
tory distress. 

Respiratory: Bronchospasm. 

Hematologic: Agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic purpura. 

Auto-immune: In extremely rare instances. systemic lupus erythematosus has been 
reported 

Miscellaneous: Alopecia, LE-like reactions, psoriasiform rashes, dry eyes, male impotence, 
and Peyronie's disease have been reported rarely. Oculomucecutaneous reactions involving 
the skin, serous membranes and conjunctivae reported for a beta blocker {practolol} have not 
been associated with propranolol. 


DOSAGE AND ADMINISTRATION. INDERAL LA provides oropranoio! hydrochloride ina 
sustained-release capsule for administration once daily. |f patients are switched from INDERAL 
Tabiets to INDERAL LA Capsules, care should be taken to assure that the desired therapeutic 
effect is maintained, INDERAL LA should not be considered a simple mg-for-mg substitute for 
INDERAL. INDERAL LA has different kinetics and produces lower blood levels. Retitration may 
be Necessary, especially to maintain effectiveness at the end of the 24-hour dosing interval. 
HYPERTENSION — Dosage must be individualized, The usual initial dosage is 80 mg 
INDERAL LA once daily, whether used alone or added to a diuretic, The dosage may be 


A 


increased to 120 mg once daily or higher until adequate blood-pressure control is achieved. 


The usual maintenance dosage is 120 to 160 mg once daily. In some instances a dosage of 640 
mg may be required. The time needed for full hypertensive response to a given dosage is 
variable and may range from a few days to several weeks. 

ANGINA PECTORIS — Dosage must be individualized. Starting with 80 mg INDERAL LA 
once daily, dosage should be gradually increased at three- to seven-day intervals until optimal 
response is obtained. Although individual patients may respond at any dosage level, the 
average optimal dosage appears to be 160 mg once daily. In angina pectoris, the vatue and 
safely of dosage exceeding 320 mg per day have not been established 
. A ANINGS) is to be discontinued, reduce dosage gradually over a period of a few weeks (see 

MIGRAINE — Dosage must be individualized. The initial oral dose is 80 mg INDERAL LA 
once daily. The usual effective dose range is 160-240 mg once daily. The dosage may be 
increasec gradually to achieve optirnal migraine prophylaxis. If a satisfactory response is not 
obtained within four to six weeks after reaching the maximal dose, NDERAL LA therapy should 
be cs conunued it may be advisable to withdraw the drug gradually over a period oh several 
weeks 

HYPERTROPHIC SUBAORTIC STENOSIS — 80-160 mg INDERAL LA once daily. 
PEDIATRIC DOSAGE — At this time the data on the use of the drug in this age group are too 
limited to permit adequate directions for use 

*The appearance of these capsules is a registered trademark of Wyeth-Ayerst Laboratories. 
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| -Order toll-free 1-800-366-BOOK 


Ask for Operator 7Y 


Outside U.S. call 617-438-8464 
Eastern Standard Time 9:00-4:30 
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J. Willis Hurst 
Medicine 
for the Practicing Physiciar 
Second Editio 


Your colleagues review the book — z 


“concise and finely edited. The discussions are _ 
up-to-date and to the point....the book canbe _ 
read from both a generalist’s and specialist's 
perspective. . . .to convey ‘what really matters’ to _ 
a practicing physician... .(who manages) 
everyday problems seen in clinical practice.’ 
—Annals of Internal Medicine 


“.. find information easily and. . quickly. ... 

should occupy a place in every clinician's 

office...” 

—The New England Journal of Medicine 
(First Edition review) 


“Features that distinguish this book from others 

in the field include the pragmatic orientation... = 

the range of coverage (and). ..the organization in — 

bite-sized topics... .” ; 

—Journal of the American Medical Association 
(First Edition review) 


By focusing on the clinical side of day-to-day 
practice, using a problem-oriented approach, 
providing standardized headings under each 
disease or disorder, and covering both general 
and internal medicine, Medicine for the Practicing 
Physician, Second Edition is a truly useful desk 
reference, designed to be used frequently. 


1988 409-95176-5 1857 pp. $95.00 
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Interval Therapy to Avoid Nitrate Tolerance: Paradise 


Regained? 
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Doppler Measurements of Aortic Blood Flow Velocity and 
Acceleration: Load-Independent Indexes of Left Ventricular 
Performance? 

Julius M. Gardin 


BRIEF REPORTS 


rcs Oe a i as is 
Safety of Intraaortic Balloon Counterpulsation in Patients with 
Acute Myocardial Infarction Receiving Streptokinase 
intravenously 

Mark Goodwin, Joseph Hartmann, Louis McKeever, Vincent Bufalino, 
Joseph Marek, Alan Brown, Michael Colandrea, Nicholas Stamato, John 
Cahill, Michael O'Donnell, Firouz Amirparviz, and Elaine Enger 


938 
Utility of Lead V4R in Exercise Testing for Detection 

of Coronary Artery Disease 

Lalit Chouhan, Ronald J. Krone, Andrew Keller, and Gail Eisenkramer 
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Hematocrit Changes After Uncomplicated Percutaneous 
Transluminal Coronary Angioplasty 

Steven J. Phillips, Mark Spector, Robert H. Zeff, James R. Skinner, 
Richard S. Toon, André Grignon, and Chamnahn Kongtahworn 
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Percutaneous Coronary Laser Angioplasty Using Quick Short 
Bursts of Laser Thermal Energy for Chronic Total Occlusions 
Ming C. Chan, Garrett Lee, Jing-Xuan Guo, Jie-Ming Mao, Feng-Rong 
Chen, Wei-Dong Yan, Dao-Yin Xie, Dan L. Rink, Agustin J. Argenal, and 
Dean T. Mason 
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Relation Between Ventricular Function and Antiarrhythmic 
Responses to Sotalol 

Steven N. Singh, Yiwang Chen, Andrew Cohen, Maria Obeid, Cynthia 
Tracy, Raymond L. Woosley, and Ross D. Fletcher 
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The reason to 


recommend it 
is backed by 
facts. 


Tri-BUFFERED 
BUFFERIN is 325 mg 
aspirin in a formula- 
tion buffered with 
magnesium carbo- 
nate, calcium carbo- 
nate, and magnesium 
oxide. The buffering 
system provides total 
acid-neutralizing ca- 
pacity of 6.8 mEq of 
1.0 N HCI (per tablet). 






The reason to recommend TRI-BUFFERED BUFFERIN® is to provide 
the benefits of aspirin plus protection against aspirin stomach upset. 
Data published in the American Journal of Gastroenterology support 
this.’ In these controlled clinical studies of TRiI-BUFFERED BUFFERIN 
versus plain aspirin, the incidence of subjective aspirin stomach 
upset was 33% lower with TRI-BUFFERED BUFFERIN (p <0.001). 
So, when the clinical situation requires aspirin, make a recommen- 
dation backed by facts. Recommend TRI-BUFFERED BUFFERIN-—for 
aspirin benefits with documented protection from aspirin stomach upset. 


TRI-BUFFERED 


BUFFERIN 


(325 mg aspirin) 





® 








Reference: 1. Sabesin SM, Boyce HW, King CE, et al: 

Comparative evaluation of gastrointestinal intolerance pro- 
duced by plain aspirin and tri-buffered aspirin tablets. Am J 
Gastroenterol 1988;83:1220-1225. 
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SEARLE 


Initial 
monotherapy 


regardless of 
age" or race 


Therapeutic goal achieved 

in more than 80% of patients 
with mild to moderate 
hypertension" 


*For adult hypertensives only. 


tEighty-two percent of 3,604 patients with mild 
to moderate hypertension (30-70 years) 
achieved goal blood pressure (DBP <90 mm 
Hg) in an open, multicenter, six-week study. 


lIn a double-blind, forced dose titration 
comparative study of 394 black patients with 
mild to moderate hypertension (18-70 years), 
83% of those randomized to Calan SR n =54) at 
a dosage of 360 mg/day achieved goal bloo: 
pressure (DBP <90 mm Hg or >10 mm Hg 
reduction). 
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| Once-a-day 


antihypertensive 
‘monotherapy 


E Calan SR provides effective monotherapy in more 
than 80% of all adult patients.’ 
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E 91% of patients take Calan SR once a day'—a more 
convenient dosage schedule that may result in better 
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BRIEF SUMMARY 


Contraindications: Severe LV dysfunction (see Warnings), hypotension (systolic pressure 
< 90 mm Hg) or cardiogenic shock, sick sinus syndrome (if no pacemaker is present), 
2nd- or 3rd-degree AV block (if no pacemaker is present), atrial flutter/fibrillation with an 
accessory bypass tract (eg, WPW or LGL syndromes), hypersensitivity to verapamil. 
Warnings: Verapamil should be avoided in patients with severe LV dysfunction (eg, ejection 
fraction < 30%) or moderate to severe symptoms of cardiac failure and in patients with 
any degree of ventricular dysfunction if they are receiving a beta-blocker. Control milder 
heart failure with optimum digitalization and/or diuretics before Calan SR is used. Verapamil 
may occasionally produce hypotension. Elevations of liver enzymes have been reported. 
Several cases have been demonstrated to be produced by verapamil. Periodic monitoring 
of liver function in patients on verapamil is prudent. Some patients with paroxysmal and/ 
or chronic atrial flutter/fibrillation and an accessory AV pathway (eg, WPW or LGL 
syndromes) have developed an increased antegrade conduction across the accessory 
pathway bypassing the AV node, producing a very rapid ventricular response or ventricular 
fibrillation after receiving I.V. verapamil (or digitalis). Because of this risk, oral verapamil is 
contraindicated in such patients. AV block may occur (2nd- and 3rd-degree, 0.8%). 
Development of marked 1st-degree block or progression to 2nd- or 3rd-degree block 
requires reduction in dosage or, rarely, discontinuation and institution of appropriate therapy. 
Sinus bradycardia, 2nd-degree AV block, sinus arrest, pulmonary edema and/or severe 
hypotension were seen in some critically ill patients with hypertrophic cardiomyopathy who 
were treated with verapamil. 

Precautions: Verapamil should be given cautiously to patients with impaired hepatic 
function {in severe dysfunction use about 30% of the normal dose) or impaired renal 
function, and patients should be monitored for abnormal prolongation of the PR interval or 
other signs of overdosage. Verapamil may decrease neuromuscular transmission in patients 
with Duchenne’s muscular dystrophy and may prolong recovery from the neuromuscular 
blocking agent vecuronium. It may be necessary to decrease verapamil dosage in patients 
with attenuated neuromuscular transmission. Combined therapy with beta-adrenergic block- 
ers and verapamil may result in additive negative effects on heart rate, atrioventricular 
conduction and/or cardiac contractility; there have been reports of excessive bradycardia 
and AV block, including complete heart block. The risks of such combined therapy may 
outweigh the benefits. The combination should be used only with caution and close 
monitoring. Decreased metoprolol clearance may occur with combined use. Chronic verap- 
amil treatment can increase serum digoxin levels by 50% to 75% during the first week of 
therapy, which can result in digitalis toxicity. In patients with hepatic cirrhosis, verapamil 
may reduce total body clearance and extrarenal clearance of digitoxin. The digoxin dose 
should be reduced when verapamil is given, and the patient carefully monitored. Verapamil 
will usually have an additive effect in patients receiving blood-pressure-lowering agents. 
Disopyramide should not be given within 48 hours before or 24 hours after verapamil 
administration. Concomitant use of flecainide and verapamil may have additive effects on 
myocardial contractility, AV conduction, and repolarization. Combined verapamil and quini- 
dine therapy in patients with hypertrophic cardiomyopathy should be avoided, since 
significant hypotension may result. Concomitant use of lithium and verapamil may result in 
a lowering of serum lithium levels or increased sensitivity to lithium. Patients receiving both 
drugs must be monitored carefully. Verapamil may increase carbamazepine concentrations 
during combined use. Rifampin may reduce verapamil bioavailability. Phenobarbital may 
increase verapamil clearance. Verapamil may increase serum levels of cyclosporin. Concom- 
itant use of inhalation anesthetics and calcium antagonists needs careful titration to avoid 
excessive cardiovascular depression. Verapamil may potentiate the activity of neuromuscular 
blocking agents (curare-like and depolarizing); dosage reduction may be required. Adequate 
animal carcinogenicity studies have not been performed. One study in rats did not suggest 
a tumorigenic potential, and verapamil was not mutagenic in the Ames test. Pregnancy 
Category C. There are no adequate and well-controlled studies in pregnant women. This 
drug should be used during pregnancy, labor, and delivery only if clearly needed. Verapamil 
is excreted in breast milk; therefore, nursing should be discontinued during verapamil use. 
Adverse Reactions: Constipation (7.3%), dizziness (3.3%), nausea (2.7%), hypotension 
(2.5%), headache (2.2%), edema (1.9%), CHF, pulmonary edema (1.8%), fatigue’ (1.7%), 
dyspnea (1.4%), bradycardia: HR < 50/min (1.4%), AV block: total 1°,2°,3° (1.2%), 2° 
and 3° (0.8%), rash (1.2%), flushing (0.6%), elevated liver enzymes. The following reactions, 
reported in 1.0% or less of patients, occurred under conditions where a causal relationship 
is uncertain: angina pectoris, atrioventricular dissociation, chest pain, claudication, myocar- 
dial infarction, palpitations, purpura (vasculitis), syncope, diarrhea, dry mouth, gastrointes- 
tinal distress, gingival hyperplasia, ecchymosis or bruising, cerebrovascular accident, con- 
fusion, equilibrium disorders, insomnia, muscle cramps, paresthesia, psychotic symptoms, 
shakiness, somnolence, arthralgia and rash, exanthema, hair loss, hyperkeratosis, macules, 
sweating, urticaria, Stevens-Johnson syndrome, erythema multiforme, blurred vision, gy- 
necomastia, increased urination, spotty menstruation, impotence. 2/9/89 - A88-W5282V-1 
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_ Influence of Beta-Adrenergic Blockade Defined 
by Time Series Analysis on Circadian Variation 
of Heart Rate and Ambulatory Myocardial 
Ischemia 


Charles R. Lambert, MD, PhD, Kevin Coy, MD, Greg Imperi, MD, and Carl J. Pepine, MD 


tended (72-hour) ambulatory electrocardio- 

aphic monitoring was used to enable time series 
analysis of heart rate and asymptomatic ST-seg- 
ment depression in 9 patients with severe coronary 


ade with optimal dose metoprolol were then as- 
sessed. Data were analyzed using Fourier transfor- 
| mation, autocorrelation and cross-correlation to ex- 
_ amine possible coupling between heart rate and 


| ischemic electrocardiographic changes. A marked 


` circadian pattern was observed for both heart rate 
and ambulatory myocardial ischemia, with a period 
_ of approximately 24 hours by both Fourier and 

_ autocorrelation methods. Cross-correlation re- 

vealed heart rate and ischemia to be tightly coupled 

with a lag of O hours during placebo. During 6; ad- 

_renergic blockade the marked circadian variation in 
heart rate was diminished, although some periodic- 


| ity in the 24-hour region remained. Ambulatory 


-ischemia was also markedly diminished during 6;- 
| adrenergic blockade; however, some residual isch- 
emia remained that was characterized by a peak 
spectral activity shifted to a period of 5 to 7 hours. 
Heart rate and ischemia were not coupled during 
Byradrenergic blockade, as evidenced by lack of sig- 
o cross-correlation. Thus, time series analy- 
iggests close coupling between the variation in 
part rate and ambulatory ischemia in patients with 
severe coronary artery disease. Beta;-adrenergic 
blockade can markedly alter the periodic character- 
istics of and coupling between heart rate and isch- 
emia. Ischemia remaining during 6,-adrenergic 
_ blockade may have different spectral characteris- 


- ties than that predominating during placebo admin- 


istration. These differences may be manifestations 


: of the heterogenous pathophysiologic mechanisms 
for ambulatory ischemia and may have 


(Am J Cardiol 1989;64:835-839) 


cardiovascular phenomena has generated a great 
deal of interest.! Such phenomena include the oc- 
currence of ischemia in patients with both chronic sta- 
ble angina? and variant angina,*~’ myocardial infarc- 
tion,’ sudden cardiac death? ventricular arrhyth- 
mias!®!1 and platelet aggregability.'2 Analysis of 


I: recent years the importance of circadian variation of © o 


circadian rhythms in cardiovascular studies has largely 


been descriptive, with grouping of events or measured 
variables into predefined time periods and subsequent 


regression analysis using, most often, single or double ~ 


harmonic models. Such analyses describe the observed. 
variables in terms of regularly occurring periodic func- 


tions; however, they are limited in terms of precisely 


defining the frequency characteristics of these naturally. 
occurring events and interrelating physiologically im-. _ 
portant measurements such as heart rate and ischemic . 
electrocardiographic abnormalities. An alternative to` 
simple description of temporally related cardiovascular — 
variables is time series analysis using frequency- and 

correlation-based techniques.'3-!5 This approach offers 

similar descriptors of basic periodic behavior as har- 

monic regression techniques and also allows intervaria- 

ble relations to be examined in a more rigorous and ob- 

jective fashion. The present study was designed to apply ` 
time series analysis to ambulatory ischemia in a group. 
of patients with coronary artery disease. The objectives 
were to define the frequency characteristics of ambula- 
tory ischemia and heart rate as well as to explore the 
relation between ischemia and heart rate before and 
during 6-adrenergic blockade. Time series analysis was 
applied using Fourier transformation and computation 
of auto- and cross-correlation functions for ambulatory 
heart rate and ischemia. 
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METHODS | 





Patient selection: Nine men with severe coronary 
artery disease (>70% diameter reduction of at least 1 
“major epicardial coronary artery), ischemic type ST- 
-= Segment depression (>1.0 mm) during exercise stress 
testing (modified Bruce protocol) and at least 10 min- 
utes of ambulatory ischemia/day on ambulatory moni- 
toring were studied. No postural-, Valsalva maneuver- 
or hyperventilation-related changes in the ST segment 
were inducible in any patient and none were receiving 
cardioactive or psychotropic medications. 

Study protocol: The method used to define the opti- 
mal dose of metoprolol to maximally suppress ambula- 
tory ischemia was described previously for these pa- 
tients.!6 During the last 3 days of each blinded study 
period (e.g., placebo and optimal dose metoprolol) con- 










: tinuous ambulatory electrocardiograph 


was performed using a calibrated 2-lead Oxford Medi- 
log II FM system. An episode of ambulatory ischemia * 
was defined by 21.0 mm of horizontal or downsloping 
ST-segment depression 80 ms after the J point lasting 
for at least 1 minute. In this patient population the vast _ 
majority (>90%) of ambulatory ischemic episodes were 
not associated with symptoms. a 

Data analysis: Ambulatory ischemia and heart rate 
data were tabulated by hour. Heart rate was calculated. 
from the average hourly RR interval and duration of 
ischemia was recorded as min/hr. Because the absolute 
amount of ischemia observed may vary widely between 
patients and thus obscure circadian patterns for patients 
with lesser absolute ischemic time, ischemia was nor- s 
malized for each individual. This was done by express- > 
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(time) of ischemia in a given hour as a 
percentage of the maximal amount (time) of ischemia 
observed for any 1-hour monitoring period throughout 
the 3-day recording period. This normalized ischemic 

ime was then used for analysis. Raw heart rate and 
_ normalized ischemic time data were pooled for analysis 
and processed using a 3-point moving average filter. 
. Differencing did not affect the results, as would be ex- 
pected with stationary means, and thus no further trans- 
_ formations were performed on the raw data before anal- 
| ysis. Heart rate and normalized ischemic time were 
then characterized using autocorrelation and Fourier 
| transform analysis of the pooled group data. Although 
| comprehensive description of time series analysis meth- 


Heart Rate 


FIGURE 3. Autocorrela- 


Autocorrelation for 


odologies is beyond the scope of this article, a brief in- 
troduction to the techniques applied in the present study : 
follows. 
Fourier transformation is a commonly used mathe- 
matical technique for analysis of frequency components 
of time-related data.'4 Any regularly occurring variable 


in the time domain appears as a spectral peak in the ` 


frequency domain after Fourier transformation. Thus, - 
application of Fourier analysis to phenomena displaying 

circadian variation will yield a spectral plot (magnitude _ 
vs frequency) with a prominent peak at the frequency 
corresponding to 1/T where T is the period of the vari- 
able being measured (T = 24 hours for a pure circadian. 
rhythm). In the present study Fourier series were calcu- 


Autocorrelation for 
Normalized Ischemic Time 








- tion plots for the variables 
: presented in Figure 1 as 
: described in the text. 
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lated for heart rate and normalized ischemic time data 
using a Cooley-Tukey algorithm!* and expressed as a 
power spectral plot. Significant spectral peaks were con- 
sidered to exceed 2 times the standard deviation for a 
given spectrum. 

Autocorrelation analysis is another technique useful 
for characterization of time-related data.!> Continuous- 
ly sampled data is correlated with itself at varying de- 
lays (lags) to calculate an autocorrelation coefficient or 
function. A lag can usually be considered to be a delay 
of 1 sampling interval in the original time-related data. 
A perfect periodic function will have an autocorrelation 
function that approaches 1 occurring at a lag equal to 
the period of the function. Thus, a circadian function 
would have a high autocorrelation function at a lag cor- 
responding to 24 hours. In the present investigation 
autocorrelation functions for placebo and metoprolol 
data (heart rate and ischemic time) were calculated us- 
ing standard numerical methods.'> 

Cross-correlation is an extension of autocorrelation 
in which, instead of correlating a single time-related 
variable with itself, 1 variable is correlated with a sec- 
ond variable. Thus, if 2 periodic variables are identical, 
the resulting cross-correlation function will approach 1 
at a lag (or delay) of 0. If the 2 variables are identical in 
contour but shifted in time by 2 hours, the resulting 
cross-correlation function will peak at a lag of 2 hours. 
Cross-correlation functions between heart rate and nor- 
malized ischemic time were calculated for placebo and 
metoprolol periods with statistical significance deter- 
mined from Fisher’s Z transformation. 


RESULTS 

Raw pooled heart rate and normalized ischemic time 
data for placebo and £; adrenergic blockade periods are 
shown in Figure 1. Distinct circadian variation is pre- 
sent for heart rate during the placebo period. This pat- 
tern is markedly altered during 6; adrenergic blockade. 
A significant decrease in mean heart rate was observed 
from placebo period to 6,-adrenergic blockade (82 + 2 
to 58 + 1 beats/min, p <0.05). Normalized ischemic 
time data show more variability; however, they appear 
to exhibit periodicity similar to that of heart rate on 
gross inspection. Fourier analysis allows more precise 
characterization of periodicity in the frequency domain 
for these data, as shown in Figure 2. The cyclic behav- 
ior of heart rate before 8 blockade is reflected in a 
prominent spectral peak in the 24-hour region. A simi- 
lar peak is seen in the power spectrum for normalized 
ischemic time, as suggested on visual inspection of the 
time domain data in Figure 1. The spectral power con- 
tained in higher frequency components decreases mark- 


lowed by a zenith at a lag of 24 hou 


_ hours, obviating further n 






autocorrela- : 
tion pattern indicates significant periodicity for heart 
rate at a period of 24 hours. This periodicity is abol- 
ished by @;-adrenergic blockade (Figure 3). Although 
the autocorrelation function for normalized ischemic 
time during placebo exhibits a general pattern similar to 
heart rate, the trend at a lag of 24 hours does not reach 
statistical significance. Similarly, normalized ischemic 
time does not exhibit significant autocorrelation during 
6, adrenergic blockade. 

The degree of coupling between heart rate and nor- 
malized ischemic time, measured by the cross-correla- 
tion function, is shown in Figure 4. During placebo, a 
highly significant cross-correlation between heart rate 
and normalized ischemic time is observed at a lag of 0 . 
hours. This indicates simultaneous occurrence of heart 
rate and ischemia within the measurement resolution al- 
lowed by averaging variables over 1-hour periods. Dur- 
ing 6)-adrenergic blockade no significant cross-correla- 
tion is observed despite remaining periodicity in the 
variables detected by spectral analysis. 





DISCUSSION 

Quyyumi et al? described circadian variation of isch- 
emic electrocardiographic changes and heart rate in pa- 
tients with and without significant coronary artery dis- 
ease in 1985. As in the present study, heart rate and 
ischemia increased during the early morning hours. No 
frequency-based analysis of those data has been report- 
ed, to our knowledge. Traditionally, a monitoring period 
of only 24 hours, as used by Quyyumi et al, would have 
precluded time series analysis using auto- or cross-corre- 
lation functions to further characterize periodicity or in- 
teraction between the measured variables. Rocco et al? 
also described circadian variation of transient myocardi- 
al ischemia in patients with coronary artery disease. 
They also noted an increase in ischemic electrocardio- 
graphic abnormalities in the morning hours. No further 
quantitative analysis was reported regarding the period- 
ic characteristics of the circadian variability for heart 
rate or ischemia. More recently, Nademanee et alt 
characterized circadian variation of heart rate and silent 
ischemic electrocardiographic changes in patients with 
both chronic stable angina and Prinzmetal’s angina.’ 
The periodic nature of these variables was described by 
cosinor analysis that fits time-related data to a cosine 
function using regression technique. The resulting curve 
can be characterized with regard to its peak (acro- 
phase), period, amplitude and mean (mesor). Again, as 
in previous studies, patients with chronic stable angina 
exhibited an increase in ischemia and heart rate in the 
waking hours with the acrophase for heart rate at 15 
hours and that for ischemia at 13 hours. The patients 
with Prinzmetal’s angina exhibited an acrophase for 
heart rate at 17 hours and for ischemia at 24 hours. 
These patients also showed a much more heterogenous 
distribution of ischemic electrocardiographic changes 
with respect to time without a clearcut circadian distri- 
bution. Holter monitoring was only carried out for 24 
furth e detailed analysis. How- 


ı variable coupling 





between 


heart rate and myocardial ischemia in different patient 
populations with presumably different pathophysiologic 
mechanisms for ischemia.‘ 

In the present study we used a longer monitoring 
period (72 hours) to allow application of not only con- 

-ventional descriptive analysis of changes in heart rate 
‘and ischemic electrocardiographic changes but also 
Fourier and correlation analysis. We have verified the 
observations made by others and in previous studies by 
our group! using purely descriptive analysis. Circadian 
variation does occur for both ambulatory heart rate and 
ischemic electrocardiographic changes in patients with 
severe coronary artery disease. The present work ex- 
tends and further defines these previously noted obser- 
vations. The periodic nature of this variability has been 
further characterized using Fourier analysis and auto- 
correlation techniques, both of which clearly show the 
period of this activity to be centered around 24 hours. 
Beta,-adrenergic blockade markedly alters the circadian 
patterns observed for both heart rate and ischemia. As 
previously reported, mean heart rate is decreased with 
treatment, as is the overall amount of myocardial isch- 
emia. The phasic nature of heart rate and ischemic elec- 
trocardiographic alterations seen in the placebo period 
are markedly diminished with treatment. These changes 
are readily appreciated by inspection of the raw data in 
Figure 1 and quantified by the Fourier analysis illus- 
trated in Figure 2 as the amplitude of spectral compo- 
nents for both variables is decreased in the @)-adrener- 
gic blockade period. Furthermore, while heart rate vari- 
ability is still centered around a low bandwidth or 
longer period portion of the spectrum, there is a tenden- 
cy for the remaining “@,-adrenergic blockade-resistant” 
ischemia to be centered at higher bandwidths or shorter 
periods. The alterations in circadian variation produced 
with f;-adrenergic blockade are also reflected in the 
autocorrelation functions plotted in Figure 3 as the pat- 
terns of 24-hour periodicity are lost. Failure to observe a 
simple 24-hour autocorrelation pattern for ischemia is 
probably related to higher individual variability for this 
variable compared to heart rate. Normalizing these 
data to the awake hours had no significant effect on the 
observations presented herein. 

Computation of cross-correlation functions is useful 
in looking for significant coupling between physiologic 
events, although cause and effect relations cannot, of 
course, be proven by this type of analysis. In our patient 
population with severe coronary artery disease, a highly 
significant cross-correlation between heart rate and 
ischemia was demonstrated. Although ()-adrenergic 
blockade allowed some residual periodic activity to re- 
main for both heart rate and ischemia, as evidenced by 
the Fourier spectra, evidence for coupling between these 
variables was lost. This latter observation is consistent 
with the contribution of factors other than heart rate in 
production of ischemia. One possibility is that this resid- 


“ual ischemia seen at a higher bandwidth during optimal 


treatment with metoprolol might be due to mechanisms 
affecting myocardial oxygen supply, such as coronary 


blood flow, rather than demand. This possibility is con- 
sistent with data from ambulatory blood pressure moni- : 
toring studies using metoprolol at 100 mg twice daily." 
This dose of metoprolol attenuated but did not abolish 
circadian variation in heart rate or blood pressure, the 2 
major determinants of myocardial oxygen demand, and 
no higher frequency components for these variables 
were observed during §-blocker administration. Other 
possible pathophysiologic mechanisms that may be re- 
sponsible for our findings include altered circadian vari- 
ation in fibrinopeptide A levels,!8 in sympathetic-para- 
sympathetic balance!? or in ischemic threshold due to 
coronary vascular resistance fluctuations.”° 
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The pivotal role of thrombosis in unstable angina 
and non-Q-wave myocardial infarction has been es- 
tablished recently. To assess the value and safety 
of thrombolytic therapy compared to conventional 
antithrombotic therapy (aspirin) in arresting pro- 
gression in this setting to recurrent ischemic end- 
points, 25 patients presenting with unstable angina 
and an electrocardiogram showing subendocardial 
ischemia were randomized to receive either aspirin 
325 mg daily, or urokinase 3 x 106 U intravenous- 
ly, over 30 minutes followed by heparin. Incidence 
of endpoints (intractable ischemia requiring me- 
chanical intervention, new myocardial infarction or 
death) was determined over 7 days. Coronary arte- 
- rlography was performed at 24 to 72 hours to de- 
termine extent of coronary artery disease and mor- 
phologic severity of the culprit lesion, graded by a 
- semiquantitative scoring system ranging from 4+ 
(definite thrombosis) to 0 (chronic lesion). In the 
first 24 hours, 7 of 13 aspirin versus 1 of 12 uroki- 
‘nase patients exhibited ischemia progression (p 
<0.05). By 7 days, progression to a primary isch- 
emic endpoint occurred in 8 of 13 aspirin patients 
(3 myocardial infarctions and 5 intractable isch- 
emias) versus 3 of 12 urokinase patients (2 intrac- 
table ischemias and 1 death) (p = 0.18). The ap- 
parent benefit of urokinase followed by heparin 
compared to conventional aspirin therapy in arrest- 
ing early progression of unstable angina or non-Q- 
wave myocardial infarction was not associated with 
enhanced culprit lesion morphology (mean lesion 
severity score 2.7 + 1.5 vs 2.8 + 1.6 in aspirin- 
-treated patients). Large scale, randomized trials to 
assess the clinical utility of urokinase for unstable 
angina are warranted. 
(Am J Cardiol 1989;64:840-844) 
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ecent arteriographic, angioscopic and necropsy 

studies have established that the transition from 

chronic coronary arterial disease to the acute 
ischemic syndromes of unstable angina and myocardial 
infarction is usually mediated by the superimposition of 
thrombosis on an ulcerated, fixed atherosclerotic le- 
sion.) In studies of unstable rest angina and non- 
Q-wave myocardial infarction, angiography performed 
during the first 24 to 48 hours after presentation has 
revealed coronary thrombus, in 48 to 84% of these pa- 
tients.o-!! 

In 1988, a large randomized trial confirmed the su- 
periority of heparin over placebo in preventing progres- 
sion to intractable ischemia or new myocardial infarc- 
tion in this setting.'? Because neither aspirin nor hepa- 
rin actually lyse preexisting thrombus, thrombolytic 
therapy may provide additional clinical benefit. Previ- 
ous studies of the administration of thrombolytic agents 
in unstable angina and non-Q-wave myocardial infarc- 
tion have variably demonstrated improvement of coro- 
nary flow and, in certain cases, abatement of symp- 
toms. !3-18 

This prospective, randomized, controlled pilot trial 
compared the efficacy of intravenous urokinase—a 
thrombolytic agent with a long-standing, proven safety 
record!?-2!_to that of aspirin—approved by the Food 
and Drug Administration for treatment in unstable an- 
gina?*—in preventing progression to new myocardial in- 
farction, intractable ischemia or death over a 7-day in- 
hospital observation period. The effects on the fibrino- 
lytic system, lesion morphology and the incidence of 
serious bleeding complications were also studied, as sec- 
ondary endpoints. 


METHODS 

Patient selection: Patients presenting to the emer- 
gency department or coronary care unit of the New 
York Hospital-Cornell Medical Center or St. John’s 
Queens Hospital in the 1-year period beginning August 
15, 1987, were screened for entry into a pilot trial to 
precede a large-scale multicenter trial. Those demon- 
strating typical ischemic chest pain at rest, associated 
with an initial electrocardiogram showing ST-segment 
depression or symmetric T-wave inversion in at least 2 
leads, or reversible ST segment oo oopurring e 


concerning thrombolytic therapy need to be made in 
- clinical practice.?324 Identification of patients with non- 


~> Q-wave myocardial infarction was made after study en- 


“rollment. The index episode of chest pain had to have 
occurred within 24 hours before randomization. The 


.., study design was reviewed and approved by the institu- 
` tional review boards of the cooperating hospitals. All 


patients gave informed consent. 

Exclusion criteria were age >75 years, any systolic 
blood pressure >180 mm Hg or diastolic blood pressure 
>110 mm Hg, evidence of pericarditis, any history of 
cerebrovascular disease, any history of bleeding diathe- 
sis, active internal bleeding, hemorrhagic retinopathy, 
known cancer, recent major trauma or surgery, treat- 
ment with a thrombolytic agent within the past 6 
months, oral anticoagulant therapy, Q-wave formation 
in the territory of the presumed culprit artery, previous 
. bypass surgery or angioplasty of the culprit artery or 

the ingestion of salicylates or nonsteroidal or anti- 
¿inflammatory drugs on more than 3 of the previous 7 
days.25 
Study design: All patients meeting entry criteria 
who gave written, informed consent were randomized to 
1 of the 2 study drug strategies: the patient’s prehospi- 
talization therapy was continued with the exception of 
salicylates or nonsteroidal antiinflammatory agents. 
Pretreatment baseline testing included an electrocardio- 
gram and determination of serum creatine kinase, MB 
fractionation, fibrinogen, d-dimer and routine hemato- 
logic and biochemical measurements. Those random- 
ized to urokinase received 25 to 50 mg of diphenhydra- 
mine to prevent potential “allergic” reactions. Three 
million units of urokinase were administered by infusion 
pump as a 1.5 X 10° U bolus over 5 minutes, with the 
remaining 1.5 X 10° U given over the subsequent 25 
minutes. All patients had determinations of fibrinogen 
and d-dimer levels at 0.5, 1, 4 and 24 hours after thera- 
py onset. Urokinase patients received an intravenous 
heparin infusion beginning at 4 to 6 hours after comple- 
tion of the urokinase infusion, if the partial thrombo- 
plastin time at 4 hours after start of the infusion was <2 
times the control value. Heparin anticoagulation was 
continued for 7 days after study entry, and titrated to a 
partial thromboplastin time 1.5 to 2 times control, with 
at least daily determination of the partial thromboplas- 
tin time for this purpose. Fibrinogen was measured by a 
coagulation assay, and d-dimer levels were measured by 
ELISA.”627 Creatine kinase was measured twice daily 
during the initial 72 hours and then daily. Patients were 
closely monitored for hemorrhagic complications; a 
complete blood count was performed daily. 
Those randomized to aspirin received a 325 mg aspi- 
rin tablet orally at study entry and daily for 7 days. 
= Blood test determinations were as for the urokinase 


_ group. 


. Endpoints: The primary endpoint was occurrence of 
-new ischemic events, defined as new myocardial infarc- 
, defined by the occurrence of new, prol ches 
ain associated with doubling of the creatine 


new fixed electrocardiographic changes (either new Q: 


wave formation or T-wave inversion); as intractable 


ischemic pain, classified as protracted chest pain occur-: 


ring despite a maximal triple antianginal regimen (ni- < 


trates, 8 blockers and calcium antagonists) titrated to 
an optimal hemodynamic endpoint (most often systolic 
blood pressure of 100 to 120 mm Hg and a heart rate of ` 


<60 beats/min), and necessitating the administration of z 
intravenous nitroglycerin or intraaortic balloon counter- 
pulsation, or both, for termination of this episode of _ 


chest pain (such patients underwent, without exception, 
mechanical revascularization); or as death. ee 
Coronary arteriography was performed at 24 to 72 
hours after initiation of therapy according to standard — 
angiographic techniques, in all except 2 patients, 1 in — 
the urokinase group, who died within 4 hours of study, 
and 1 in the aspirin group, who withdrew initial consent. 
for catheterization. Its purpose, as a secondary end- — 
point, was to assess the extent of coronary artery dis- 
ease, semiquantitative lesion morphology, and preva- 


lence of intraluminal thrombus in the culprit coronary 


artery. The timing of arteriography was deemed suffi- 
cient to permit evolution of major differences in lesion 
morphology between the groups, yet at the same time | 
provide anatomic data promptly if revascularization 
were needed. Extent of coronary artery disease was as- 
sessed using a modification of the Coronary Artery Sur- 
gery Study classification system.”* Severity of coronary — 
stenoses was graded for each major coronary arterial 
segment and its branches. Significant lesions, defined as _ 
those with 250% reduction in luminal diameter, were: 
coded as either single and discrete, multiple and dis- 
crete, tubular, diffuse or total occlusion, and further. 
characterized by whether narrowing was eccentric or 
concentric.”? 

All lesions with >50% coronary artery diameter nar- 
rowing were analyzed for the presence of specific mor- 
phologic features suggestive of intracoronary thrombus 
or plaque ulceration. Definitions of intracoronary 
thrombus included the presence of discrete intraluminal 
filling defects in patent vessels or evidence of thrombotic 
occlusions, in vessels with total occlusions. Thrombus 
was classified as definite when a filling defect was evi- 
dent in multiple views, probable when a filling defect 
was present in only | view, possible when the culprit 
lesion had appearance “suggestive” of thrombus, or ab- 
sent. Thrombus in a vessel with total occlusion was pre- 
sent by definition if a blood vessel was cut off with an 
irregular or convex margin or if persistent contrast 
staining at the site of the occlusion was evident. The 
“culprit” vessel was identified by conventional meth- 
ods? based on concordance between acute angiographic 
morphology and electrocardiographic changes in the 
distribution of the same coronary artery during isch-. - 


emia. A semiquantitative morphologic severity score for 


the culprit lesion was defined as follows: 4+, definite 
thrombus; 3+, ulceration with probable thrombus; 2+, 





Urokinase 


Patients reaching endpoint 
Myocardial infarction 
Ischemia 
Death 

Total 

Timing of endpoint 
24 hours 
24 to 72 hours 
>72 hours 


* p = 0.18 (aspirin vs urokinase); t p <0.05. 


fraction was determined using a modification of the 
area length method of Sandler and Dodge.30 

Statistical methods: Frequency of progression to a 
primary study endpoint was compared between the 2 
groups using the Fisher exact test. Continuous variables 
were compared using the unpaired Student ¢ test, and 
the results are presented as mean + standard devia- 
tion. 


RESULTS 

Baseline characteristics: Of 25 patients entered into 
this study, 13 were randomized to aspirin and 12 to uro- 
kinase. The groups were well matched for age, sex, pre- 
vious myocardial infarction, proportion of smokers, ad- 
mission creatine kinase and findings on the qualifying 
electrocardiogram. No difference in frequency of ni- 
trates, calcium antagonist or 8 blocker used was present 
at baseline between the 2 groups. This was a predomi- 
nantly middle-aged, male population. Only a minority 
had previous myocardial infarction. Three patients in 
the aspirin group and 4 in the urokinase group were 
determined by subsequent enzyme evaluation to have 
non-Q-wave myocardial infarction as the etiology of 
their index episode of chest pain. 

Primary endpoint events: Eight patients in the aspi- 
rin group versus 3 in the urokinase group (p = 0. 18) 
reached an endpoint event (Table I). In the aspirin 
group, 2 patients developed a new transmural myocardi- 
al infarction, 6 patients developed intractable ischemic 
chest pain requiring intravenous nitroglycerin and emer- 
gent mechanical therapy and no patient died. In the 

_ urokinase group, 2 patients developed intractable isch- 
emic chest pain requiring intravenous nitroglycerin and 
emergent mechanical therapy, while 1 patient developed 
protracted ischemia with cardiogenic shock progressing 
to death during the first 4 hours after study drug thera- 
py. Thus, 11 of 25 patients or 44% of the entire group 

“progressed to an endpoint event. 

. Of 11 progressions, 8 occurred within the first 24 
hours after study entry, affecting 7 of 13 or 54% of aspi- 
rin-treated patients and 1 of 12 or 8% of those who re- 

-ceived urokinase (p <0.05). One additional event in the 


aspirin group occurred between 24 and 72 hours after 


enrollment, whereas 2 of 3 events occurred between 72 
and 96 hours in the urokinase group. While the small 


ae numbers do t not pmi nemHve acres this tim- 


TABLE Il Posttreatment Angiographic Findings 


p Value Urokinase 


No. of narrowed coronary 1.8 0.9 
arteries (>50%) 

LMCA stenosis 0 

LVEF (%) 62 +12 

Definite thrombus (%) 5/11 

Acute lesions / patient 1040.7 

Severity score 2841.6 


LMCA = left main coronary artery; LVEF = teft ventricular ejection fraction; NS = 
not significant. 





have represented reocclusion rather than primary fail- 
ure, while events in the aspirin group more likely repre- 
sented primary treatment failure. 

Coronary arteriography was performed after treat- 
ment in all except 2 of the study patients as described 
above (Table II). Mean time to arteriography did not 
significantly differ between groups: 36.6 + 13.2 hours 
for urokinase versus 31.3 + 13.7 hours for aspirin. The 
2 groups were similar with respect to mean number of 
diseased vessels, proportion of left main coronary artery 
disease (only 1 patient in the urokinase group), normal 
ventricular function, number of acute lesions and mean 
lesion severity score (Table II). Thus, arteriographic de- 
scriptors obtained after study treatment, and presum- 
ably reflecting effects of the study drugs, demonstrated 
that in both groups the average patient had close to 2- 
vessel coronary disease, normal ventricular function, 
and in certain cases more than | acute lesion/patient, 
with the culprit lesion definitely ulcerated and probably 
thrombotic. Nevertheless, despite intensive thrombolytic 
treatment, we were unable to demonstrate any major 
differences between the 2 groups with respect to lesion 
morphology at posttreatment arteriography in this pilot 
trial. 

Safety of study drugs: One of 12 urokinase pa- 
tients—an obese, diabetic man—developed a large right 
inguinal hematoma at the site of cardiac catheterization 
on the fourth day after entry. No other patient sus- 
tained bleeding complications, despite early arteriogra- 
phy in the setting of use of antithrombotic agents (uro- 
kinase, heparin or aspirin) for a minimum period of 4 
days (Table I). Minimum hemoglobin levels were 
similar in both groups, and likely reflected the extensive 
phlebotomy required by the study protocol and blood 
loss at time of angiography. Seven of 12 urokinase pa- 
tients developed minor chills during study drug infusion 
despite attempted prophylaxis with diphenhydramine, 
and in 2 cases required treatment with intravenous 
corticosteroids to abolish symptoms. Thus, both study 
drugs were relatively well tolerated without life-threat- 
ening complications. 

Profound effects on the fibrinolytic system were ob- 
served with this intensive regimen of urokinase (Table 
HD. Significant differences in fibrinogen concentration 
were not present at baseline. However, by 60 minutes 
after urokinase onset, fibrinogen decreased to 10% of its 





TABLE m ‘Hematologic Findings and Safety Data 
ene i Aspirin 


0/13 

13.1414 
326 + 78 
295 + 94 
365 + 141 


=> Hemorrhage requiring transfusion /pts 
Lowest. hemoglobin level (g/dl) 
Admission 
Trough 
24 hours 
D-dimer (ng/ml) 
Admission 
Peak 
24 hours 
Fibrinogen degradation products (ug/ml) 
Admission 
Peak 
24 hours 


75 + 39 
824 41 
77 +37 


10+2 
1040 
9+0 


Urokinase 


1/12 
125418 
284 + 62 

28415 
112 + 45 





69 + 18 
1,383 + 683 
709 + 620 


10.6 + 3.2 
1,299 + 1,143 
313 4179 


NS = not significant. a 


nificant decrease in fibrinogen concentration occurred 

by 60 minutes, with an increase to 112% of the baseline 

value by 24 hours, possibly reflecting the acute phase 

reactant nature of fibrinogen in unstable angina. Conse- 

> quently the study regimen of urokinase provided pro- 
found, rapid and sustained fibrinogenolysis. 

D-dimer and total fibrinogen degradation product 
levels were assayed as indicators of extent of fibrinoly- 
sis. D-dimer levels were equal in both groups before 
treatment. In the aspirin group, further activation of the 
fibrinolytic system could not be detected during the 24 
hours of study with d-dimers levels remaining stable at 
low levels. In the urokinase group, profound fibrinolysis 
was demonstrable, with a 20-fold elevation of d-dimer 
levels at peak effect at 4 hours after study drug, with 
persistent fibrinolysis even at 24 hours (d-dimer level 
>10 times baseline). The differences were highly signif- 
icant. Fibrinogen degradation products, more likely to 
indicate fibrinogenolysis, showed similar patterns, re- 
maining normal in the aspirin group, while rising to val- 
ues 130 times baseline at peak, and remaining persis- 
tently elevated at 31 times baseline at 24 hours. 

Post-hoc analysis revealed no significant difference 
between the 7 non-Q-wave myocardial infarction pa- 
tients and those with unstable angina, with respect to 
age, sex, severity score, number of diseased vessels, per- 
cent stenosis, ventricular function or hematologic val- 
ues. Although a slightly higher proportion exhibited in- 
tractable symptoms or developed new infarctions, the 

` difference was not significant. 


DISCUSSION 

This pilot prospective trial compared the short-term 
clinical utility and safety of a high dose, ultrashort du- 
ration infusion of urokinase followed by heparin to the 
current standard antithrombotic agent, aspirin, in un- 
stable angina and non-Q-wave myocardial infarction, 
: given immediately after admission. In this group of pa- 
tients with protracted resting ischemia accompanied by 


| definite electrocardiographic repolarization abnormali- 


ties, the hospital course was characterized by a relative- 
high rate of early progression to intractable ischemia 


ocardial infarction. The risk of such progression. 


g the i rst 72 hours after treatment was signifi- 


cantly reduced by prompt administration of intravenous 
urokinase infusion followed by sustained heparin. infu- 
sion. This clinical benefit was associated with only Ie 
sode of major bleeding, which occurred several days af- . 
ter the administration of urokinase and in conjunction | 
with supratherapeutic heparinization. Despite apro- 
tracted and marked effect on the fibrinolytic system, 
urokinase therapy did not result in major differences in 
the culprit lesion morphology at angiography an aver- 
age of 36.6 hours after study drug, when compared. 
to aspirin. Further, posttreatment angiography demon- 
strated persistent thrombus in a relatively high propor- 
tion of patients. : 
Comparison to other unstable angina trials: Aspirin: 


has been considered the antithrombotic agent of choice _ - 
in unstable angina for most institutions in the United — 


States since its benefit over placebo has been well estab- 
lished by 2 large multicenter trials.?53! Our pilot trial is 
not directly comparable to these 2 large trials because 


both large multicenter trials studied outcome over a 


longer period—12 weeks and 2 years, respectively, 


whereas our pilot trial evaluated short-term (7-day) out- a 


come. Moreover, this trial required definite electrocar- 


diographic abnormalities of subendocardial ischemia- a 


known to be associated with a greater prevalence of an- 
giographic thrombi,®.!! whereas the 2 large aspirin trials 
did not require these abnormalities and in fact were pre- 


sent in only a fraction of those entered. However, the 


recently reported trial of Theroux et al!? was very simi- 
lar in regard to entry criteria (although absolute electro- 
cardiographic abnormalities were present in only 75% of 
their patients) and baseline characteristics.!2 Because. 
the treatment regimens employed for their trial—full 
dose heparin, aspirin 325 mg twice daily, both, or nei- 
ther—differed from our study, the results are also not 


comparable. However, the mean time to progression (36 = 
hours) in their large study supports the notion that pro- 


gression in unstable angina is a relatively early event, 
and thus, study drug administration cannot await the 
necessarily retrospective exclusion of non-Q-wave: in- 
farct patients by serial enzyme determination. 

Results of previous, uncontrolled studies suggest th 
immediate institution of thrombolytic therapy i is of 
‘Ue, as resolution of « coronary thrombi and i improv 
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->of symptoms. occurred commonly in the patients to 
-- whom Gutoh et al administered intracoronary uroki- 
-nase during chest pain, whereas Ambrose et al!* ob- 
served no significant effect of intracoronary streptoki- 
nase on coronary lesions or symptoms in patients stud- 
ied after resolution of chest pain. In contrast, when 
study drug was administered at a mean of 3 days after 
the last episode of resting chest pain, Topol et al!® found 
no difference in angiographic or clinical results between 
tissue plasminogen with heparin versus heparin alone. 

This pilot study has several limitations, besides the 
small number of patients studied. Baseline coronary ar- 
teriography was not performed, to assure clinical safety, 
particularly given the previous observations of a disso- 
ciation between arteriographic changes and symptomat- 
ic status.!7/8 Improvement in clinical outcome in the 
urokinase group may in part be due to the associated 
use of full-dose heparin through the 7-day evaluation 
period, in accord with current standard practice for ad- 
junctive anticoagulation after thrombolytic therapy.?? 
While heparin has been previously reported to reduce 
recurrent events in unstable angina,!2"3 this benefit has 
not in general been concentrated during the first 24 
hours after study drug commencement, as was the case 
for this pilot study. We did not prospectively distinguish 
between unstable angina and non-Q-wave myocardial 
infarction. Post-hoc analysis, however, indicated little 
difference in outcome between those patients entering 
with unstable angina alone versus those with non-Q- 
wave myocardial infarction. Recent reports have out- 
lined the similarity and possible identity of these 2 
states in terms of pathogenesis, outcome and role for 

“intervention. ”>?4 Moreover, if efficacy of fibrinolytic 
therapy is predicated on a rapid time to administration 
as in transmural infarction, then decision for therapy 

“cannot await the serial cardiac enzyme needed to distin- 
guish unstable angina from non-Q-wave myocardial in- 
farction. 
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New evidence continues to 


confirm the essential value of 
LANOXIN'’ in CHE.” 





mproved ejection fraction 


n a recent double-blind, placebo-controlled study! 
n patients with normal sinus rhythm, digoxin pro- 
luced a significant increase in ejection fraction 
ompared to captopril (P<.05) and placebo 
P<.01). By contrast, there was no significant 
lifference between captopril and placebo. 


mprovement in ejection fraction represents 
mprovement in myocardial contractile perfor- 
ance and better emptying of the left ventricle. 


Percent Improvement in Ejection Fraction* 


Captopril Placebo 
Adapted from the Captopril-Digoxin Multicenter Research Group study.’ 
P<.05 compared to captopril; P<.01 compared to placebo. 


mproved cardiac output 


€ positive inotropic effect of digoxin 
as measured in part by improved cardiac output) 
was associated with improved left ventricular 
LV) function .* This significant improvement 
n cardiac output was seen in patients at rest as 
well as during exercise. Long-term therapy with 
ligoxin contributed to the maintenance of LV 
unction as indicated by both a decrease in cardiac 
butput when digoxin was stopped and a restoration 
o treatment levels with readministration 
bf the drug. 


Digoxint 


Improved exercise tolerance 


In anew placebo-controlled study? of CHF patients 

with normal sinus rhythm and on diuretics, exer- 

cise tolerance (treadmill) was improved 14% 

(P<.05) by digoxin. In this study, digoxin pro- 

duced favorable effects on cardiac function beyond 

those of the diuretic alone. Another study* showed 

that digoxin significantly improved exercise toler- 

ance and O, consumption over placebo. In the 

latest digoxin/captopril study, there was no signifi- 

cant statistical difference between the two drugs 

with regard to effects on exercise tolerance and 4 
functional class.! 


20 Percent Improvement in Exercise Tolerance* 


EN Diuretic Baseline 
Digoxin 


* Adapted from DiBianco et al.” 
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effects of therapy with captopril and digoxin in patients with mild to moderate heart 
failure. JAMA 1988;259:539-544, 2. DiBianco R, Shabetai R, Kostuk W, et al: Oral 
milrinone and digoxin in heart failure: Results of a placebo-controlled, prospective 

trial of each agent and the combination, abstract. Circulation 1987;76(suppl 4):256. 

3. Arnold SB, Byrd RC, Meister W, et al: Long-term digitalis therapy improves left 
ventricular function in heart failure. N Engl J Med 1980;303:1443-1448, 4, Alicandri C, 
Fariello R, Boni E, et al: Comparison of captopril and digoxin in mild to moderate heart 
failure. Postgrad Med J 1986;62(supp! 1):170-175. 
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125 pg (0.125 mg) Scored I.D. Imprint Y3B (yellow) 
250 wg (0.25 m 7 Scored 1.D. Imprint X3A (white) 
500 pg (0.5 el Scored 1.D. Imprint T9A (green) 


Before using Lanoxin Tablets, the physician should be thoroughly familiar with 
the basic pharmacology of this drug as well as its drug interactions, indications, 


and usage. 
DESCRIPTION: Lanoxin is digoxin, one of the cardiac (or digitalis) glycosides, a closely related group of drugs having 
in common specific effects on the myocardium. 
INDICATIONS AND USAGE: 
Heart Failure: The increased cardiac output resulting from the inotropic action of digoxin ameliorates the distur- 
bances characteristic of heart failure (venous congestion, edema, dyspnea, orthopnea and cardiac asthma). 
Digoxin is more effective in “low output” (pump) failure than in “high output” heart failure secondary to arteriovenous 
fistula, anemia, infection or hyperthyroidism. 
Digoxin is usually continued after failure is controlled, unless some known precipitating factor is corrected. Studies 
have shown, however, that even though hemodynamic effects can be demonstrated in almost all patients. corres- 
ponding improvement in the signs and symptoms of heart failure is not necessarily apparent. Therefore, in patients in 
whom digoxin may be difficult to regulate, or in whom the risk of toxicity may be great (e.g., patients with unstable 
renal function or whose potassium levels tend to fluctuate) a cautious withdrawal of digoxin may be considered. if 
digoxin is discontinued, the patient should be regularly monitored for clinical evidence of recurrent heart failure. 
INDICATIONS: Digitalis glycosides are contraindicated in ventricular fibrillation. 
In a given patient, an untoward effect requiring permanent discontinuation of other digitalis preparations usually 
constitutes a contraindication to digoxin. Hypersensitivity to digoxin itself is a contraindication to its use. Allergy to 
digoxin, though rare, does occur. It may not extend to all such preparations, and another digitalis glycoside may be 
tried with caution. 
WARNINGS: Digitalis alone or with other drugs has been used in the treatment of obesity. This use of digoxin or other 
digitalis glycosides is unwarranted. Moreover, since they may cause potentially fatal arrhythmias or other adverse 
effects, the use of these drugs solely for the treatment of obesity is dangerous. 
Anorexia, nausea, vomiting and arrhythmias may accompany heart failure or may be indications of digitalis 
intoxication. Clinical evaluation of the cause of these symptoms should be attempted before further digitalis 
administration. In such circumstances determination of the serum digoxin concentration may be an aid in deciding 
whether or not digitalis toxicity is likely to be present. If the possibility of digitalis intoxication cannot be excluded, 
cardiac glycosides should be temporarily withheld, if permitted by the 
Clinical situation. 
Patients with renal insufficiency require smaller than usual maintenance 
doses of digoxin (see DOSAGE AND ADMINISTRATION section in the com- 
plete prescribing information). 
Heart failure accompanying acute glomerulonephritis requires extreme care 
in digitalization. Relatively low loading and maintenance doses and concomi- 
tant use of antihypertensive drugs may be necessary and careful monitoring 
is essential. Digoxin should be discontinued as soon as possible. 
Patients with severe carditis, such as carditis associated with rheumatic 
fever or viral myocarditis, are especially sensitive to digoxin-induced distur- 
bances of rhythm. 
Newborn infants display considerable variability in their tolerance to digox- 
in. Premature and immature infants are particularly sensitive, and dosage 
must not only be reduced but must be individualized according to their 
degree of maturity. 
sf Digitalis glycosides are an important cause of accidental poisoning in 
ildren. 
PRECAUTIONS: 
General: Digoxin toxicity develops more frequently and lasts longer in 
patients with renal impairment because of the decreased excretion of digox- 
in. Therefore, it should be anticipated that dosage requirements will be 
decreased in patients with moderate to severe renal disease (see DOSAGE 
AND ADMINISTRATION section in the complete prescribing information). 
Because of the prolonged half-life, a longer period of time is required to 
achieve an initial or new steady-state concentration in patients with renal 
impairment than in patients with normal renal function. 
In patients with hypokalemia, toxicity may occur despite serum digoxin 
concentrations within the “normal range", because potassium depletion 
sensitizes the myocardium to digoxin. Therefore, it is desirable to maintain 
normal serum potassium levels in patients being treated with digoxin. Hypokalemia may result from diuretic, 
amphotericin B or corticosteroid therapy, and from dialysis or mechanical suction of gastrointestinal secretions. It 
may also accompany malnutrition, diarrhea, prolonged vomiting, old age and long-standing heart failure. In general, 
rapid changes in serum potassium or other electrolytes should be avoided, and intravenous treatment with potassium 
should be reserved for special circumstances as described below (see TREATMENT OF ARRHYTHMIAS PRODUCED 
BY OVERDOSAGE section). 
Calcium, particularly when administered rapidly by the intravenous route, may produce serious arrhythmias in 
digitalized patients. Hypercalcemia from any cause predisposes the patient to digitalis toxicity. On the other hand, 
hypocalcemia can nullify the effects of digoxin in man; thus, digoxin may be ineffective until serum calcium is restored 
to normal. These interactions are related to the fact that calcium affects contractility and excitability of the heart in a 
manner similar to digoxin. 
Hypomagnesemia may predispose to digitalis toxicity. If low magnesium levels are detected in a patient on digoxin, 
replacement therapy should be instituted. 
Quinidine, verapamil, and amiodarone cause a rise in serum digoxin concentration, with the implication that digitalis 
intoxication may result. This rise appears to be proportional to the dose. The effect is mediated by a reduction in the 
digoxin clearance and, in the case of quinidine, decreased volume of distribution as well. 
Certain antibiotics may increase digoxin absorption in patients who convert digoxin to inactive metabolites in the gut 
(see Pharmacokinetics portion of the CLINICAL PHARMACOLOGY section in the complete prescribing information). 
Recent studies have shown that specific colonic bacteria in the lower gastrointestinal tract convert digoxin to 
cardioinactive reduction products, thereby reducing its bioavailability. Although inactivation of these bacteria by 
antibiotics is rapid, the serum digoxin concentration will rise at a rate consistent with the elimination half-life of 
digoxin. The magnitude of rise in serum digoxin concentration relates to the extent of bacterial inactivation, and may 
be as much as two-fold in some cases. Patients with acute myocardial infarction or severe pulmonary disease may be 
unusually sensitive to digoxin-induced disturbances of rhythm. 
Atrial arrhythmias associated with hypermetabolic states (e.g. hyperthyroidism) are particularly resistant to digoxin 
treatment. Large doses of digoxin are not recommended as the only treatment of these arrhythmias and care must be 
taken to avoid toxicity if large doses of digoxin are required. In hypothyroidism, the digoxin requirements are 
reduced. Digoxin responses in patients with compensated thyroid disease are normal. 
Reduction of digoxin dosage may be desirable prior to electrical cardioversion to avoid induction of ventricular 
arrhythmias, but the physician must consider the consequences of rapid increase in ventricular response to atrial 
fibrillation if digoxin is withheld 1 to 2 days prior to cardioversion. If there is a suspicion that digitalis toxicity exists, 
elective cardioversion should be delayed. If it is not prudent to delay cardioversion, the energy level selected should 
be minimal at first and carefully increased in an attempt to avoid precipitating ventricular arrhythmias. 
Incomplete AV block, especially in patients with Stokes-Adams attacks, may progress to advanced or complete heart 
block if digoxin is given. 
In coy parans with sinus node disease (i.e. Sick Sinus Syndrome), digoxin may worsen sinus bradycardia or sino- 
atria i 
In patients with Wolff-Parkinson-White Syndrome and atrial fibrillation, digoxin can enhance transmission of 
impulses through the accessory pathway. This effect may result in extremely rapid ventricular rates and even 
ventricular fibrillation. 
Digoxin may worsen the outflow obstruction in patients with idiopathic hypertrophic subaortic stenosis (IHSS). 
Unless cardiac failure is severe, it is doubtful whether digoxin should be employed. 
Patients with chronic constrictive pericarditis may fail to respond to digoxin. In addition, slowing of the heart rate by 
digoxin in some patients may further decrease cardiac output. 
fem with heart failure from amyloid heart disease or constrictive cardiomyopathies respond poorly to treatment 
with digoxin. 
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Digoxin is not indicated for the treatment of sinus tachycardia unless it is associated with heart failure. 
Digoxin may produce false positive ST-T changes in the electrocardiogram during exercise testing. 
Intramuscular injection of digoxin is extremely painful and offers no advantages unless other routes of administration 
are contraindicated. 
Laboratory Tests: Patients receiving digoxin should have their serum electrolytes and renal function (BUN and/or 
serum creatinine) assessed periodically; the frequency of assessments will depend on the clinical setting. For 
discussion of serum digoxin concentrations, see DOSAGE AND ADMINISTRATION section in the complete prescribing 
information. 
Drug Interactions: Potassium-depleting corticosteroids and diuretics may be major contributing factors to digitalis 
toxicity. Calcium, particularly if administered rapidly by the intravenous route, may produce serious arrhythmias in 
digitalized patients. Quinidine, verapamil, and amiodarone cause a rise in serum digoxin concentration, with the 
implication that digitalis intoxication may result. Certain antibiotics increase digoxin absorption in patients who 
inactivate digoxin by bacterial metabolism in the lower intestine, so that digitalis intoxication may result. Propantheline 
and diphenoxylate, by decreasing gut motility, may increase digoxin absorption. Antacids, kaolin-pectin, sulfasalazine, 
neomycin, cholestyramine and certain anticancer drugs may interfere with intestinal digoxin absorption, resulting in 
unexpectedly low serum concentrations. There have been inconsistent reports regarding the effects of other drugs on 
the serum digoxin concentration. Thyroid administration to a digitalized hypothyroid patient may increase the dose 
requirement of digoxin. Concomitant use of digoxin and sympathomimetics increases the risk of cardiac arrhythmias 
because both enhance ectopic pacemaker activity. Succinyicholine may cause a sudden extrusion of potassium from 
muscle cells, and may thereby cause arrhythmias in digitalized patients. Although B adrenergic blockers or calcium 
channel blockers and digoxin may be useful in combination to control atrial fibrillation, their additive effects on AV node 
conduction can result in complete heart block. 
Due to the considerable variability of these interactions, digoxin dosage should be carefully individualized when 
patients receive coadministered medications. 
Carcinogenesis, Mutagenesis, Impairment of Fertility: There have been no long-term studies performed in animals to 
evaluate carcinogenic potential. 
Pregnancy: Teratogenic Effects: Pregnancy Category C. Animal reproduction studies have not been conducted with 
digoxin. Itis also not known whether digoxin can cause fetal harm when administered to a pregnant woman or can affect 
reproduction capacity. Digoxin should be given to a pregnant woman only if clearly needed. 
Nursing Mothers: Studies have shown that digoxin concentrations in the mother's serum and milk are similar. However, 
the estimated daily dose to a nursing infant will be far below the usual infant maintenance dose. Therefore, this amount 
should have no pharmacologic effect upon the infant. Nevertheless, caution should be exercised when digoxin is 
administered to a nursing woman. 
ADVERSE REACTIONS: The frequency and severity of adverse reactions to digoxin depend on the dose and route of 
administration, as well as on the patient's underlying disease or concomitant therapies (see PRECAUTIONS section). 
The overall incidence of adverse reactions has been reported as 5 to 20%, with 15 to 20% of them being considered 
serious (one to four percent of patients receiving digoxin). Evidence suggests that the incidence of toxicity has 
decreased since the introduction of the serum digoxin assay and improved 
standardization of digoxin tablets. Cardiac toxicity accounts for about one- 
half, gastrointestinal disturbances for about one-fourth, and CNS and other 
waay for about one-fourth of these adverse reactions. 
ults: 
Cardiac—Unifocal or multiform ventricular premature contractions, 
especially in bigeminal or trigeminal patterns, are the most common ar- 
rhythmias associated with digoxin toxicity in adults with heart disease. 
Ventricular tachycardia may result from digitalis toxicity. Atrioventricular 
(AV) dissociation, accelerated junctional (nodal) rhythm and atrial tachycar- 
dia with block are also common arrhythmias caused by digoxin overdosage. 
Excessive slowing of the pulse is a clinical sign of digoxin overdosage. AV 
nie (Wenckebach) of increasing degree may proceed to complete heart 
ock. 
Note: The electrocardiogram is fundamental in determining the presence and 
nature of these cardiac disturbances. Digoxin may also induce other changes 
in the ECG (e.g. PR prolongation, ST depression), which represent digoxin 
effect and may or may not be associated with digitalis toxicity. 
Gastrointestinal—Anorexia, nausea, vomiting and less commonly diarrhea 
are common early symptoms of overdosage. However, uncontrolled heart 
failure may also produce such symptoms. Digitalis toxicity very rarely may 
cause abdominal pain and hemorrhagic necrosis of the intestines. 
CNS—Visual disturbances (blurred or yellow vision), headache, weakness, 
apathy and psychosis can occur. 
Other—Gynecomastia is occasionally observed. 
infants and Children: Toxicity differs from the adult in a number of respects. 
Anorexia, nausea, vomiting, diarrhea and CNS disturbances may be present 
but are rare as initial symptoms in infants. Cardiac arrhythmias are more 
reliable signs of toxicity. Digoxin in children may produce any arrhythmia. 
The most commonly encountered are conduction disturbances or supra- 
ventricular tachyarrhythmias, such as atrial tachycardia with or without block, and junctional (nodal) tachycardia. 
Ventricular arrhythmias are less common. Sinus bradycardia may also be a sign of impending digoxin intoxication, 
especially in infants, even in the absence of first degree heart block. Any arrhythmia or alteration in cardiac conduction 
that develops in a child taking digoxin should initially be assumed to be a consequence of digoxin intoxication. 
TREATMENT OF ARRHYTHMIAS PRODUCED BY OVERDOSAGE: 
Adults: Digoxin should be discontinued until all signs of toxicity are gone. Discontinuation may be all that is necessary if 
toxic manifestations are not severe and appear only near the expected time for maximum effect of the drug. 
Potassium salts are commonly used, particularly if hypokalemia is present. Potassium chloride in divided oral doses 
totaling 3 to 6 grams of the salt (40 to 80 mEq K+) for adults may be given provided renal function is adequate (see 
below for potassium recommendations in Infants and Children). 
When correction of the arrhythmia is urgent and the serum potassium concentration is low or normal, potassium 
should be administered intravenously in 5% dextrose injection. For adults, a total of 40 to 80 mEq (diluted to a 
concentration of 40 mEq per 500 mi) may be given ata rate not exceeding 20 mEq per hour, or slower if limited by pain 
due to local irritation. Additional amounts may be given if the arrhythmia is uncontrolled and potassium well-tolerated. 
ECG monitoring should be performed to watch for any evidence of potassium toxicity (e.g. peaking of T waves) and to 
observe the effect on the arrhythmia. The infusion may be stopped when the desired effect is achieved. 
Note: Potassium should not be used and may be dangerous in heart block due to digoxin, unless primarily related to 
supraventricular tachycardia. 
Other agents that have been used for the treatment of digoxin intoxication include lidocaine, procainamide, propranolol 
and phenytoin, although use of the latter must be considered experimental. In advanced heart block, temporary 
ventricular pacing may be beneficial. Digoxin Immune Fab (Ovine), Digibind®, can be used to reverse potentially life- 
threatening digoxin (or digitoxin) intoxication. Improvement in signs and symptoms of digitalis toxicity usually begins 
within ¥2 hour of Digibind administration. Each 40 mg vial of Digibind will neutralize 0.6 mg of digoxin (which is a usual 
body store of an adequately digitalized 70 kg patient). 
Infants and Children: See Adult section for general recommendations for the treatment of arrhythmias produced by 
overdosage and for cautions regarding the use of potassium. 
Ifa potassium preparation is used to treat toxicity, it may be given orally in divided doses totaling 1 to 1.5 mEq K+ per 
kilogram (kg) body weight (1 gram of potassium chloride contains 13.4 mEq K+). 
When correction of the arrhythmia with potassium is urgent, approximately 0.5 mEq/kg of potassium per hour may be 
given intravenously, with careful ECG monitoring. The intravenous solution of potassium should be dilute enough to 
avoid local irritation; however, especially in infants, care must be taken to avoid intravenous fluid overload. 
DOSAGE AND ADMINISTRATION: Recommended dosages are average values that may require considerable 
modification because of individual sensitivity or associated conditions. Diminished renal function is the most 
important factor requiring modification of recommended doses. 
In deciding the dose of digoxin, several factors must be considered: 
1. The disease being treated. Atrial arrhythmias may require larger doses than heart failure. 
2. The body weight of the patient. Doses should be calculated based upon lean or ideal body weight. 
3. The patient's renal function, preferably evaluated on the basis of creatinine clearance. 
4. Age is an important factor in infants and children. 
5. Concomitant disease states, drugs or other factors likely to alter the expected clinical response to digoxin (see 
PRECAUTIONS and Drug Interactions sections). 
Consult complete product information before prescribing. 
Copr. © 1988 Burroughs Wellcome Co. All rights reserved. eo 
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‘One hundred ninety-six consecutive patients 
admitted to the coronary care unit with suspected 

: < unstable angina were classified clinically as having 
either definite (113 patients) or suspected unstable 
- angina (83 patients) within 24 hours of admission. 
Patients were followed prospectively to determine 
their outcome in the hospital and in the first 4 

_ months after discharge. Three patients had a non- 

fatal myocardial infarction in the hospital and 2 

- died (1 fatal myocardial infarction, 1 death immedi- 

ately after coronary bypass surgery). During fol- 


low-up (mean 4.2 + 2.3 months), 6 additional pa- 


tients had a nonfatal myocardial infarction, 4 died 

~ and 22 were readmitted with definite unstable an- 
gina. The incidence of nonfatal infarction or death 
was significantly lower in patients with suspected 
unstable angina during both the primary hospital 
admission (0 of 83 vs 5 of 113, p <0.05) and after 
discharge from the hospital (1 of 83 vs 9 of 113, p 
<0.05), and fewer patients with suspected unstable 
angina were readmitted with a recurrence of defi- 
nite unstable angina (1 of 83 vs 21 of 113, p 
< <0.001). Thus, a simple clinical classification into 
-definite or suspected unstable angina performed 
within 24 hours of admission to the coronary care 
unit identified a substantial group with a low short- 
term risk of adverse events. 

(Am J Cardiol 1989;64:845-848) 
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cardial infarction has become the most frequent _ 


I Jct angina pectoris rather than acute myo- 


indication for admission to most coronary care 
units.! Many of these admissions are for suspected rath- 


er than definite unstable angina, which may have a sig- 


nificantly lower morbidity and mortality. The aim of 


this study was to compare the prognosis of patients with = 
suspected and definite unstable angina, and to deter- 


mine whether this simple clinical classification identi- i 
fied low-risk patients. 


METHODS 

Patient selection: Patients admitted to the coronary 
care unit with suspected unstable angina but without 
obvious myocardial infarction on admission were includ 
ed in the present study if they were a primary admission © 
(i.e., not transferred from other wards of hospitals) and 
younger than 75 years of age. Patients were identified - 
prospectively and assessed by their attending cardiclo- ` 
gist within 24 hours of admission. Those considered by 


their cardiologist to have symptoms characteristic of un- - . 
stable angina were classified as having definite unstable -~ 


angina, and patients whose symptoms were not charac- 
teristic were classified as having suspected unstable an- 
gina. In making their assessment, the cardiologists had 
access to additional clinical data that included the ad- 
mission electrocardiogram. The patient’s history, de- 
scription of chest pain at presentation and electrocardio- 


gram recorded during pain were considered the most = 


important factors in the clinical differentiation of defi- 
nite from suspected unstable angina. ae 
Between April 1986 and February 1987, 274 eligible 
patients were identified and 67 were excluded, 15 with 
other significant cardiac illness (e.g., valvular disease or _ 
cardiomyopathy), 14 with serious noncardiac illness 
(e.g., malignancy), 17 with either acute myocardial in- 
farction or coronary bypass surgery within the previous ` 


month and 21 with social or geographic problems likely 


to prevent follow-up. The remaining 207 patients were 


classified as having either definite (121) or suspected . 


(86) unstable angina on admission. A small myocardial 
infarction evolved in 11 patients within 24 hours of ad- 


mission (mean creatine kinase peak 642 + 194 IU/li- 


ter) after they had been classified. These patients were — 
excluded from further analysis, leaving a total of 196 
patients (113 with definite and 83 with suspected unsta- 
ble angina) who form the basis of this study. 
Definition of unstable angina: Unstable angina was 
defined as either a) angina at rest or prolonged and 
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a TABLE I Baseline Demographic Data and Risk Factor Profile 





Unstable Angina 


Definite 
(n= 113) 


Suspected 
(n = 83) 






















Age (yrs)* 57411 53410 

M:F ratio 3.2:1 2.3:1 NS 

Cigarette smokers 83 (73) 67 (81) NS 
(past / present) (%) 

Systemic hypertension (%) 47 (41) 32 (38) NS 

Total cholesteral 75 (66) 35 (42) <0.001 
>6 mmol/liter (%) 

Diabetes mellitus (%) 12 (11) 6(7) NS 

Peripheral vascular or 17 (14) 6 (7) NS 
cerebrovascular disease (%) 

Family history CAD 29 (26) 19 (23) NS 


before age 55 years (%) 






* Mean + standard deviation. 
CAD = coronary artery disease; NS = not significant. 









TABLE ll Past History of Coronary Artery Disease and 
Pattern of Pain at Presentation 





Unstable Angina 






Definite 
(n= 113) 


Suspected 
(n = 83) 











Previous history of 79 (70) 33 (40) <0.001 
coronary disease (%) 
Stable effort angina (%) 61 (54) 22 (26) <0.001 
Unstable angina (%) 28 (25) 12 (14) NS 
Myocardial infarction (%) 47 (42) 21 (25) <0.02 
Prior angioplasty (%) 2(2) 1d) NS 
Previous bypass grafting (%) 15 (13) 1204 NS 
Pattern of pain at presentation 
Pain at rest (%) 102 (90) 78 (94) NS 
Prolonged postexertional 14(12) 7 (8) NS 
angina (%) 
Progressive effort angina 50 (44) 8 (10) <0.001 
(4) 
Duration of symptoms 9(1-31)* 1(1-6)* NS 





before admission (days) 


* Median, interquartile range. 


“severe angina precipitated by usual levels of exertion 
: (94% of patients), or (2) progressive effort angina suffi- 
-ciently severe to warrant admission to the hospital (6% 
-of patients). 
=- Ellectrocardiographic recordings and creatine ki- 
: -nase measurements: Serial plasma creatine kinase and 
-creatine kinase-MB isoenzyme estimations were per- 
formed every 8 hours for at least 24 hours. Electrocar- 
diograms were recorded routinely in all patients in the 
: emergency department, on arrival in the coronary care 
unit, during and after recurrences of pain at rest and 
immediately before discharge. All available electrocar- 
diograms during the patients’ stay were examined and 
coded for the presence of pathologic Q waves,” ST-seg- 
~~ ment.elevation or depression and T-wave flattening or 
inversion. Reversible electrocardiogram changes were 
ae defined as ‘ST-segment deviation (20.5 mm) or T-wave 
ie n or pseudo ormalization occurring 






| TABLE ili Electrocardiographic Data : 
et 






















































Unstable Angina 





Definite 
(n = 113) 


Suspected 
(n = 83) 






p Value 


























Abnormal ECG on 90 (80) 53 (62) NS 
admission (%) 
Pain present during 33 (29) 22 (26) NS 
admission ECG (%) 
Abnormal ECG (%) 29/33 (89) 10/22 (46) 
<0.001 
Normal ECG (%) 4/33(11) 12/22 (54) 
Reversible ECG 21 (19) 4(5) <0.005 









changes documented (%) 


ECG = electrocardiogram, NS = not significant. 


times normal with MB fraction >6% of total creatine 
kinase. 

Follow-up: Patients were routinely followed at ap- 
proximately 4 months (mean 4.2 + 2.3) after discharge 
by either an outpatient visit or telephone interview. Four 
patients (2%) were lost to follow-up, 2 with definite and 
2 with suspected unstable angina. 

Statistics: Differences between the 2 groups were 
analyzed according to the initial clinical classification, 
without reference to subsequent changes in diagnostic 
category (i.e., by “intention to treat”). Univariate anal- 
ysis of categorical data was performed using a chi- 
square test and differences in continuous variables by an 
unpaired f test. All p values <0.05 were considered sig- 
nificant. 


RESULTS 

Comparison of baseline characteristics: The base- 
line characteristics of patients with definite and suspect- 
ed unstable angina are listed in Table I. Patients with 
suspected unstable angina were younger and less likely 
to have hypercholesterolemia than patients with definite 
unstable angina. Fewer patients with suspected unstable 
angina had a prior history of coronary disease (Table 
Il). The pattern of pain at presentation also differed 
between the 2 groups (Table IT). Most patients in both 
groups had pain at rest, but significantly fewer patients 
with suspected unstable angina had a history of progres- 
sive effort pain (10 vs 44%, p <0.001). 

The admission electrocardiogram result was abnor- 
mal in 73% of the patients, with no significant differ- 
ence between the 2 groups (Table III). Although. this 
electrocardiogram was recorded duing pain in only 28% 
of patients, it was twice as likely to be abnormal in pa- 
tients with definite unstable angina. Reversible ST-T- 
wave changes were documented during hospitalization 
in 19% of patients with definite unstable angina com- 
pared with only 4% among those with suspected unsta- 
ble angina (p <0.001). 

Coronary angiography was performed in 69% of pa-. 
tients with definite unstable angina and 39% of patients 
with suspected unstable angina (Table i Signific cant 
obstructive coronary artery í dis a 






sc eter reduction) was found in 8 























Outcome: During admission, 3 patients had a nonfa- 
“tal myocardial infarction and 2 died (1 of cardiogenic 
shock after myocardial infarction and the other within 
24 hours of bypass surgery (Table V). After discharge 
`. from hospital, an additional 6 patients had a nonfatal 
myocardial infarction and 4 died (2 fatal myocardial 
infarctions, 1 death early after surgery and 1 sudden 
ischemic death). Twenty-two patients were readmitted 
with definite unstable angina. Coronary revasculariza- 
tion (angioplasty or bypass surgery) was performed ei- 
ther during the original hospital admission or the fol- 
low-up period in 48 patients. 

Patients with suspected unstable angina had a con- 
siderably better outcome than those with definite unsta- 
ble angina (Table V). This difference was present dur- 
ing the initial admission and persisted throughout the 4- 
month follow-up period. Nonfatal infarction or death 
affected only 1 of 83 patients (1%) with suspected un- 
stable angina compared with 14 of 113 patients (12%) 
with definite unstable angina (p <0.005). Only 1 of 83 


patients with suspected unstable angina was readmitted 


with definite unstable angina compared with 21 of 113 
<- patients with definite unstable angina (p <0.001). If re- 
< admission to hospital with unstable angina was included 
as an adverse event the difference between the groups 
was. even greater, with a 27% incidence of adverse 
events in patients with definite unstable angina com- 
pared with 1% in those with suspected unstable angina 
(p <0.001). Revascularization also was performed more 
frequently in the patients with definite unstable angina 
(42.of 113, 37%, compared with 6 of 83, 8%, p <0.001). 

The clinical classification changed before discharge 
in 27 (14%) patients. Eight patients with definite unsta- 
ble angina were reclassified as having suspected unsta- 
ble angina (6 of 8 had no significant coronary artery 
disease) and 19 patients with suspected unstable angina 
were reclassified as having definite unstable angina (all 
on the basis of either angiographically documented cor- 
onary disease or ischemia during exercise testing). None 
of the patients who changed diagnostic categories dur- 
ing admission had a nonfatal myocardial infarction or 
died, although 4 patients with suspected unstable angi- 
na who were reclassified as having definite unstable an- 
gina underwent revascularization. 


DISCUSSION 
In the present study, patients admitted with suspect- 
ed unstable angina had a benign prognosis with no ad- 
verse events during the remainder of their hospitaliza- 
tion and only a 1% risk of nonfatal myocardial infarc- 
tion or death within the first 4 months after admission. 
In a similar study, Wilcox et al* reported that patients 
admitted to the coronary care unit with suspected myo- 
cardial infarction and discharged from the hospital with 
a diagnosis of “chest pain ?cause” were at very low risk 
of adverse outcome during the following year. Their pa- 
» tients: were probably similar to our patients with sus- 
_ pected unstable angina, with a similarly benign progno- 
_ sis. However, an important difference between their 
tudy and the present one is that they excluded patients 


with a past history of typical el effort angina or myocardi- 





TABLE IV Angiographic Data de 


Unstable Angina 
Definite 
(n = 113) 
78 (69) 


Suspected 
(n = 83) 


Cardiac catheterization 32 (39) <0,001 
during study (%) 
Significant CAD (%) 
CAs narrowed 
270% in diameter* 
CAs narrowed 2.70% 
O (normai/minor CAD) (%) 9/78 (12) 
1(%) 25/78 (32) 
2(%) 25/78 (32) 
3(%) 19/78 (24) 


<0.001 
<0.001 


69/78 (88) 
1741 


11/32 (34) 
0741 


<0.001 

<0,02 
0.07. 
0.07 


21/32 (66) 
3/32 (9) 
5/32 (16) 
3/32 (9) 


* Mean + standard deviation. 
CA = coronary artery; CAD = coronary artery disease. 


TABLE V Adverse Events and Revascularization ae 


Unstable Angina 


Definite 
(n = 113) 


Suspected 
(n = 83) 


Serious events 
in hospital 
Nonfatal AMI (%) 
Cardiac death (%) 
Nonfatal AMI/death (%) 
After discharge 
Nonfatal AMI (%) 
Cardiac death (%) 
Nontatal AMI /death (%) 
Recurrence of UAP (%) 
Total events 
Nonfatal AMI or death (%) 
Recurrent UAP /nonfatal 
AMI or death (%) 
Revascularization 
Angioplasty (%) 
Bypass surgery (%) 
Total revascularized (%) 


3 (3) 
2 (2) 
5 (5) 


6 (6) 

3(3) 

99) 
21 (19) 


14 (12) 
30 (26) 


10 (9) 
32 (28) 
42 (37) 


AMI = acute myocardial infarction; NS = not significant; UAP = unstabie angina 
pectoris. 


al infarction. Although 40% of patients with suspected. : 


unstable angina in the present study had a past history 
of coronary disease, this did not adversely affect their 


outcome during the 4-month follow-up period, suggest- 
ing that their coronary disease was not unstable. There 
was a similarly benign outcome in patients with suspect- 
ed unstable angina whose diagnosis was changed to def- 
inite unstable angina before discharge (because of docu- 
mentation of coronary artery disease by angiography or 
exercise testing), suggesting that the original assessment. 
was probably correct and that coronary disease in these 
patients was stable. 

In contrast to the good outcome of patients with sus- 
pected unstable angina, patients admitted with definite 


unstable angina had a 12% risk of death or nonfatal 


myocardial infarction and a 19% risk of readmission — 


with unstable angina. The prognosis of these patients 
has improved since the early studies of unstable angi- 


na,>° and our results are comparable to more recent 


series! 1 that show a an averag nonfatal infarction rate an 





of approximately 6% and mortality of approximately 


3% in the first 3 months. 
A number of previous studies have reported that pa- 
"tients admitted to the coronary care unit with suspected 
‘myocardial infarction in whom the diagnosis is “ruled 
out” are at high risk of death or nonfatal myocardial 
-infarction.'2-!6 These patients probably correspond to 
our definite unstable angina group, who have a similarly 
adverse prognosis. 

Changes in usage of the term “unstable angina” as 
well as changes in admission policies probably explain 
the increasing frequency of unstable angina as an in- 

“dication for admission to coronary care units.! This 
prompted our study, in which the prognoses of patients 
with definite and suspected unstable angina were com- 
pared because no previous studies have addressed this 
question. Our study indicates that patients with suspect- 
ed unstable angina are at low risk of adverse outcome 
and may be identified by a careful clinical evaluation 
early during hospitalization. This conclusion could pro- 
vide the basis for a further study of the feasibility and 
safety of a policy of early discharge of patients with 
suspected unstable angina. 


Acknowledgment: We thank the cardiologists of the 
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Brief Summary 

© Therapy BAYER® Aspirin 

Delayed-Release Enteric Aspirin (Acetylsalicylic Acid) Caplets to Help 
“Reduce the Risk of Second Mi or MI in Unstable Angina 


DOSAGE AND ADMINISTRATION: 

‘Although most of the studies used dosages exceeding 300 mg, two trials 

“used only 300 mg daily, and pharmacologic data indicate that this dose 
“inhibits platelet function fully. Therefore, 300 mg or a conventional 325 

‘mg aspirin dose daily is a reasonable routine dose that would minimize 
_ gastrointestinal adverse reactions. This use of aspirin applies to both solid 
oral dosage. forms (buffered and plain aspirin) and buffered aspirin in 

























































“CARDIOVASCULAR AND BIOCHEMICAL: 
~ in the AMIS trial, the dosage of 1,000 mg per day of aspirin was associ- 
‘ated with small increases in systolic blood pressure (BP) (average 1.5 to 
24 mm) and diastolic BP (0.5 to 0.6 mm), depending upan whether max- 
imal or last available readings were used. Blood urea nitrogen and uric 
“acid levels were also increased but by less than 1,0 mg percent. Subjects 
with marked hypertension or renal insufficiency had been excluded from 
the trial go that the clinical importance of these observations for such 
‘Subjects or for any subjects treated over more prolonged periods is not 
known: It is recommended that patients placed on long-term aspirin 





























“treatment, even at doses of 300 mg per day, be seen at regular intervals 


fo assess changes in these measurements, 


`: BIOAVAILABILITY: = 
©The bioavailability of aspirin trom Therapy BAYER has been confirmed. In 
a single-dose study! in which plasma acetylsalicylic acid and salicylic 
acid levels were measured, measurable plasma concentrations were 


achieved within 15 minutes after dosing. Maximum concentrations were - 
achieved at approximately five hours postdosing. Therapy BAYER, when 
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“unstable angina with buffered aspirin in.solution. 


compared with plain aspirin, achieves maximum plasma salicylate ievels 
not significantly different from piain, i.e., not enteric-coated, aspirin. 
Dissolution of the enteric coating occurs at a neutral-to-basic pH and is 
therefore dependent on gastric emptying into the duodenum. With con- 
tinued dosing, appropriate therapeutic plasma levels are maintained. 


SAFETY: 

The safety of enteric-coated aspirin has been demonstrated in. a number 
of endoscopic studies comparing enteric-coated aspirin and plain aspi- 
rin, as well as plain buffered and “arthritis strength” preparations. in these 
studies, endoscopies were performed in healthy volunteers before and after 
either two-day or 14-day administration of aspirin doses of 3,900 or 4,000 
mg/day. Compared to all the other preparations, the enteric-coated aspi- 
rin produced significantly iess damage to the gastric mucosa. There was 
also statistically less duodenal damage when compared with the plain, 
i.e., non-enteric-coated, aspirin. 


ADVERSE REACTIONS: 

Gastrointestinal reactions: Doses of 1,000 mg per day of aspirin caused 
gastrointestinal symptoms and bleeding that, in some cases, were clin- 
ically significant. in the largest postintarction study (the Aspirin Myocardial 
infarction Study [AMIS] with 4,509 people), the percentage of inci- 
dences of gastrointestinal symptoms for the aspirin (1,000 mg of a stan- 
dard, solid-tablet formulation) and placebo-treated subjects, respectively, 
were stomach pain (14.5%, 4.4%), heartburn (11.9%, 4.8%}, nausea and/ 
or vomiting (76%, 21%), and hospitalization for GI disorder (4.9%, 3.5%). 
In the AMIS and other trials, aspirin-treated patients had increased rates 
of gross gastrointestinal bleeding. Symptoms and signs of gastrointes- 
tinal irritation were not significantly increased in subjects. treated for 


PROFESSIONAL WARNING: ; 


Occasional reports have documented individuals with impaired gastric < 
emptying in whom there may be retention of one or more enteric-coated 
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aspirin caplets over time, This phenomenon may occur as a result of out- 
iet obstruction from ulcer disease alone or combined with hypotonic gastric 
peristalsis, Because of the integrity of the enteric coating in an acidic 
environment, these caplets may accumulate and form a bezoar in the 
stomach. Individuals with this condition may present with complaints. al 
early satiety or of vague upper abdominal distress. Diagnosis may be made. 
by endoscopy or by abdominal films, which show opacities suggestive of 
a mass of small caplets.3 Management may vary according to the con- 
dition of the patient. Options include gastrotomy and alternating slightly 
basic and neutral favage.4 While there have been no clinical reports, it 
has been suggested that such individuals may also be treated with par- 
enteral cimetidine (to reduce acid secretion) and then given sips of slightly 
basic liquids to effect gradual dissolution of the enteric coating. Prog- 
fess may be followed with plasma salicylate levels or via recognition of 
tinnitus by the patient. 


it should be kept in mind that individuals with a history of partial or com- 
plete gastrectomy may produce reduced amounts of acid and therefore have 
Jess acidic gastric pH. Under these circumstances, the benefits offered 
by the acid-resistant enteric coating may not exist. 
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Because body chemistry 
differs from person to 
person, we often need 
a choice of drugs to 
treat the same illness. 


No two are exactly alike. 


You've heard it said that no two 
snowflakes are exactly alike. 
The variety is endless. Much 
the same is true of the human 
body. 


Take the case of two patients 
suffering from hypertension. 
Both under the care of the same 
physician, who prescribes the 
same medication for each. One 
patient responds to the medi- 
cation while the other reports 
unpleasant side-effects. Thanks 
to the diversity of drugs avail- 
able to treat this illness, the doc- 
tor is able to prescribe another 
medicine that works without 
the side effects: 

To maintain the high standards 
of quality care, and because 
some drugs work better than 






















others on different people, it is 
essential to have this diversity. 
America’s research-based phar- 
maceutical companies are com- 
mitted to providing a wide 
range of drugs of the highest 
quality to serve the public. 
Why? Because the public is 
made up of different people 
requiring different treatment— 
even when they suffer from the 
same illness. 











IF A NEW MEDICINE CAN HELP 
WE'RE WORKING ON IT. 












The benefit of antianginal 
protection plus safety... 
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A FULLER LIFE 


A remarkable safety profile" 


The low incidence of side effects with Cardizem allows patients to feel better. 


Protection against angina attacks'*”’ 
The predictable efficacy of Cardizem in stable exertional* and vasospastic 
angina allows patients to do more. 


mg A decrease in myocardial oxygen demand 


Resulting from a lowered heart rate-blood pressure product.’ 


Compatible with other antianginals** 


° me 
À 0 Safe in angina with coexisting hypertension, 
a COPD, asthma, or PVD'’** 


*CARDIZEM® (diltiazem HCI) is indicated in the treatment of angina pectoris due fo coronary artery spasm and in the 
management of chronic stable angina (classic effort-associated angina) in patients who cannot tolerate therapy with 
beta-blockers and/or nitrates or who remain symptomatic despite adequate doses of these agents. 


‘ARDIZEM: 


diltiazem HCl/Marion 


‘See Warnings and Precautions. 
Please see brief summary of prescribing information on the next page. 1419H8 
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CARDIZEM ANTIANGINAL PRO 
diltiazem HC//Marion PLUS SAFETY 











Usual maintenance dosage range: 180-360 mg/day 


BRIEF SUMMARY 

Professional Use Information 
CARDIZEM® 

(diltiazem HCI) 

30 mg, 60 mg, 90 mg and 120 mg Tablets 
CONTRAINDICATIONS 

CARDIZEM is contraindicated in (1) patients with sick sinus 
syndrome except in the presence of a functioning ventricular 
pacemaker, (2) patients with second- or third-degree AV block 
except in the presence of a functioning ventricular pacemaker, (3) 
patients with hypotension (less than 90 mm Hg systolic), (4) 
patients who have demonstrated hypersensitivity to the drug, 
and (5) patients with acute myocardial infarction and 
pulmonary congestion documented by x-ray on admission 
WARNINGS 

1. Cardiac Conduction. CARDIZEM prolongs AV node 
refractory periods without significantly prolonging sinus 
node recovery time, except in patients with sick sinus 
syndrome. This effect may rarely result in abnormally slow 
heart rates (particularly in patients with sick sinus 
syndrome) or second- or third-degree AV block (six of 1,243 
patients for 0.48%). Concomitant use of diltiazem with 
beta-blockers or digitalis may result in additive effects on 
cardiac conduction. A patient with Prinzmetal's angina 
developed periods of asystole (2 to 5 seconds) after a 
single dose of 60 mg of diltiazem. 

2. Congestive Heart Failure. Although diltiazem has a 
negative inotropic effect in isolated animal tissue 
preparations, hemodynamic studies in humans with 
normal ventricular function have not shown a reduction 
in cardiac index nor consistent negative effects on 
contractility (dp/dt). Experience with the use of CARDIZEM 
alone or in combination with beta-blockers in patients 
with impaired ventricular function is very limited. Caution 
should be exercised when using the drug in such patients. 

3. Hypotension. Decreases in blood pressure associated 
with CARDIZEM therapy may occasionally result in 
symptomatic hypotension. 

4. Acute Hepatic Injury. In rare instances, significant 
elevations in enzymes such as alkaline phosphatase, LDH, 
SGOT, SGPT, and other phenomena consistent with acute 
hepatic injury have been noted. These reactions have 
been reversible upon discontinuation of drug therapy. The 
relationship to CARDIZEM is uncertain in most cases, but 
probable in some. (See PRECAUTIONS.) 

PRECAUTIONS 

General. CARDIZEM (diltiazem hydrochloride) is extensively 
metabolized by the liver and excreted by the kidneys and in 
bile. As with any drug given over prolonged periods, laboratory 
parameters should be monitored at regular intervals. The drug 
should be used with caution in patients with impaired renal or 
hepatic function. In subacute and chronic dog and rat studies 
designed to produce toxicity, high doses of diltiazem were 
associated with hepatic damage. In special subacute hepatic 
studies, oral doses of 125 mg/kg and higher in rats were 
associated with histological changes in the liver which were 
reversible when the drug was discontinued. In dogs, doses of 
20 mg/kg were also associated with hepatic changes; however, 
these changes were reversible with continued dosing 

Dermatological events (see ADVERSE REACTIONS section) 
may be transient and may disappear despite continued use of 
CARDIZEM. However, skin eruptions progressing to erythema 
multiforme and/or exfoliative dermatitis have also been 
infrequently reported. Should a dermatologic reaction persist, 
the drug should be discontinued. 

Drug Interaction. Due to the potential for additive effects, 
caution and careful titration are warranted in patients receiving 
CARDIZEM concomitantly with any agents known to affect 
cardiac contractility and/or conduction. (See WARNINGS.) 

Pharmacologic studies indicate that there may be additive 
effects in prolonging AV conduction when using beta-blockers or 
digitalis concomitantly with CARDIZEM. (See WARNINGS.) 

As with all drugs, care should be exercised when treating 
patients with multiple medications. CARDIZEM undergoes bio- 
transformation by cytochrome P-450 mixed function oxidase. 





Coadministration of CARDIZEM with other agents which follow 

the same route of biotransformation may result in the competi- 
tive inhibition of metabolism. Dosages of similarly metabolized 
drugs, particularly those of low therapeutic ratio or in patients 

with renal and/or hepatic impairment, may require adjustment 

when starting or stopping concomitantly administered CARDIZEM 
to maintain optimum therapeutic blood levels. 

Beta-blockers: Controlled and uncontrolled domestic studies 
suggest that concomitant use of CARDIZEM and beta-blockers 
or digitalis is usually well tolerated. Available data are not 
sufficient, however, to predict the effects of concomitant 
treatment, particularly in patients with left ventricular 
dysfunction or cardiac conduction abnormalities. 

Administration of CARDIZEM (diltiazem hydrochloride) 
concomitantly with propranolol in five normal volunteers 
resulted in increased propranolol levels in all subjects and 
bioavailability of propranolol was increased approximately 50% 
if combination therapy is initiated or withdrawn in conjunction 
with propranolol, an adjustment in the propranolol dose may 
be warranted. (See WARNINGS.) 

Cimetidine: A study in six healthy volunteers has shown a 
significant increase in peak diltiazem plasma levels (58%) and 
area-under-the-curve (53%) after a one-week course of cimetidine 
at 1,200 mg per day and diltiazem 60 mg per day. Ranitidine 
produced smaller, nonsignificant increases. The effect may be 
mediated by cimetidine's known inhibition of hepatic cytochrome 
P-450, the enzyme system probably responsible for the first-pass 
metabolism of diltiazem. Patients currently receiving diltiazem 
therapy should be carefully monitored for a change in 
pharmacological effect when initiating and discontinuing 
therapy with cimetidine. An adjustment in the diltiazem dose 
may be warranted. 

Digitalis: Administration of CARDIZEM with digoxin in 24 
healthy male subjects increased plasma digoxin concentrations 
approximately 20%. Another investigator found no increase in 
digoxin levels in 12 patients with coronary artery disease. Since 
there have been conflicting results regarding the effect of digoxin 
levels, it is recommended that digoxin levels be monitored when 
initiating, adjusting, and discontinuing CARDIZEM therapy to 
avoid possible over- or under-digitalization. (See WARNINGS.) 

Anesthetics: The depression of cardiac contractility, 
conductivity, and automaticity as well as the vascular dilation 
associated with anesthetics may be potentiated by calcium 
channel blockers. When used concomitantly, anesthetics and 
calcium blockers should be titrated carefully 

Carcinogenesis, Mutagenesis, Impairment of Fertility. A 
24-month study in rats and a 21-month study in mice showed 
no evidence of carcinogenicity. There was also no mutagenic 
response in in vitro bacterial tests. No intrinsic effect on fertility 
was observed in rats. 

Pregnancy. Category C. Reproduction studies have been con- 
ducted in mice, rats, and rabbits. Admmistration of doses ranging 
from five to ten times greater (on a mg/kg basis) than the daily 
recommended therapeutic dose has resulted in embryo and 
fetal lethality. These doses, in some studies, have been reported 
to cause skeletal abnormalities. In the perinatal/postnatal 
Studies, there was some reduction in early individual pup 
weights and survival rates. There was an increased incidence 
of stillbirths at doses of 20 times the human dose or greater. 

There are no well-controlled studies in pregnant women; 
therefore, use CARDIZEM in pregnant women only if the potential 
benefit justifies the potential risk to the fetus 

Nursing Mothers. Diltiazem is excreted in human milk. One 
report suggests that concentrations in breast milk may approxi- 
mate serum levels. If use of CARDIZEM is deemed essential, an 
alternative method of infant feeding should be instituted. 

Pediatric Use. Safety and effectiveness in children have not 
been established. 

ADVERSE REACTIONS 

Serious adverse reactions have been rare in studies carried 
out to date, but it should be recognized that patients with 
impaired ventricular function and cardiac conduction abnormali- 
ties have usually been excluded. 









































In domestic placebo-controlled trials, the incidence of adverse 
reactions reported during CARDIZEM therapy was not greater 
than that reported during placebo therapy. 

The following represent occurrences observed in clinical 
studies which can be at least reasonably associated with the 
pharmacology of calcium influx inhibition. In many cases, the 
relationship to CARDIZEM has not been established. The most 
common occurrences as well as their frequency of presentation 
are: edema (2.4%), headache (2.1%), nausea (1.9%), dizziness 
(1.5%), rash (1.3%), asthenia (1.2%). In addition, the following 
events were reported infrequently (less than 1%). 
Cardiovascular. Angina, arrhythmia, AV block (first degree), 
AV block (second or third degree—see 
conduction warning), bradycardia, 
congestive heart failure, flushing, 
hypotension, palpitations, syncope. 
Amnesia, depression, gait abnormality, 
hallucinations, insomnia, nervousness, 
paresthesia, personality change, 
somnolence, tinnitus, tremor. 

Anorexia, constipation, diarrhea, 

dysgeusia, dyspepsia, mild elevations of 

alkaline phosphatase, SGOT, SGPT, and 

LDH (see hepatic warnings), vomiting, 

weight increase. 

Petechiae, pruritus, photosensitivity, 

urticaria 

Other. Amblyopia, CPK elevation, dyspnea, 
epistaxis, eye irritation, hyperglycemia, 
nasal congestion, nocturia, osteoarticular 
pain, polyuria, sexual difficulties 

The following postmarketing events have been reported 
infrequently in patients receiving CARDIZEM: alopecia, gingival 
hyperplasia, erythema multiforme, and leukopenia. However, a 
definitive cause and effect between these events and CARDIZEM 
therapy is yet to be established 
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a nami and Echocardiographic 
Assessment of the Effects of Diltiazem During 
Transient Occlusion of the Left Anterior 
Descending Coronary Artery During 
Percutaneous Transluminal Coronary 
Angioplasty 


Morton J. Kern, MD, Anthony Pearson, MD, Robert Woodruff, MD, Ubeydullah Deligonul, MD, 
Michel Vandormael, MD, and Arthur Labovitz, MD 


The effects of diltiazem during transient myocardial 


ischemia were studied in 17 patients (age 58 + 11 
years, 12 men, 5 women) undergoing 1-vessel left 
anterior descending percutaneous transluminal cor- 
onary angioplasty (PTCA). After hemodynamic, 
echocardiographic and electrocardiographic data 
were obtained during the control ischemic periods, 
diltiazem (10 mg intravenous bolus with 500 y2/ 
min infusion) was given and 15 minutes later isch- 
emia reinduced. Diltiazem reduced mean arterial 
pressure (113 + 16 to 95 + 15 mm Hg, p <0.05) 
and heart rate-pressure product (p <0.05) with no 
change in heart rate, pulmonary pressures or coro- 
nary (sinus, thermodilution technique) blood flow at 
rest. After diltiazem, times to ischemia-induced 1.0 
mm ST-segment elevation (28 + 10 to 42 + 17 
seconds, p <0.05) and new left ventricular wall mo- 
tion abnormalities (by 2-dimensional echocardiog- 
raphy, 24 + 8 to 36 + 12 seconds, p <0.001) were 


| prolonged without significant agumentation of 


-great cardiac vein flow during coronary occlusion. 
~“: Left ventricular (LV) ejection fraction decreased 

- from 51 + 7 to 41 + 12% (p <0.05) during control 
_ ischemia, but declined less after diltiazem (54 + 12 

to 47 + 14%, difference not significant; 47 + 14 vs 
41 + 12%, p <0.01). Diltiazem can attenuate, but 
not abolish, some of the effects of myocardial isch- 
emia on LV function during transient coronary ar- 
* tery occlusion. These data support the use of diltia- 
zem as a beneficial adjunct that may be used acute- 
ly and safely during routine PTCA. 

(Am J Cardiol 1989;64:849-855) 
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cutaneous transluminal coronary angioplasty 
(PTCA) provides a human model of myocardial 
ischemia in which mechanisms of various antiischemic — 
agents can be evaluated in awake patients.! Nitro 
erin, 4 propranolol,>® nifedipine,*” nicardipine? 
other antiischemic agents? have been demonstrati 
produce salutary effects on hemodynamics and left 
tricular (LV) function during PTCA. Calcium an 
nists reduce myocardial ischemia through several, : 
ably concurrent, mechanisms involving reduction i 
determinants of myocardial oxygen demand,'° oxygen 
utilization!! and augmentation of myocardial a r 
supply directly or through coronary collaterals.! 
potent coronary and peripheral vasodilating actio 
calcium antagonists have been reported to provide. a 
cardioplegic effect in some patients’ while having little - 


Tee coronary artery occlusion during per- 


or no effect on ischemic LV function in other human? 
and experimental PTCA studies.!3 Diltiazem favorably 
alters both myocardial oxygen supply and demand and © 

is effective in ameliorating vasospastic “supply” as well 


as “demand”-type ischemia.!° However, during signifi- 

cant myocardial ischemia associated with coronary ar- 

tery occlusion, 1 or more protective mechanisms may be 

potentiated or attenuated, shifting the manner in which. 
the myocardial oxygen supply/demand relation is main- 

tained. Although the safety and hemodynamics of intra- 
venous diltiazem have been established,'*!> there. are 

few data on the drug effects during acutely induced: 
supply-limited myocardial ischemia in patients. We ex- 

amined the effects of diltiazem on LV function and sys- 

temic and coronary hemodynamic mechanisms during 

brief, reversible periods of myocardial ischemia. 


METHODS 

Patient population: Seventeen patients undergoing 
routine l-vessel PTCA with suitable left anterior de- 
scending coronary artery narrowings (>60% stenosis by 


visual estimation of 2 experienced angiographers) were 


studied. Patients demonstrated clinical or objective (ex- 
ercise testing with or without thallium) evidence of: 
myocardial ischemia despite optimal medical therapy. 
The protocol was approved by the human subjects com- 
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* After completion of study periods, dissection extended, necessitating emergency coronary artery bypass grafting. 
AH = anterior hypokinesis; LV pressure = systolic / end-diastolic left ventricular pressure; LVEF = right anterior oblique (30°) single plane angiographic ejection fraction; LVWM = 
left ventricular wall motion; % diameter stenosis = percent diameter narrowing with computer-assisted calipers; pre = before; post = after percutaneous transluminal coronary 


angioplasty; SD = standard deviation. 


mittee of the institutional review board of St. Louis 
_ University School of Medicine. All patients gave written 
-informed consent. Patients with recent (<1 week) myo- 
-cardial infarction, unstable angina, coexistent valvular 
‘disease, LV ejection fraction <50%, akinetic or severely 
hypokinetic ventricular wall motion in the region of the 
- PTCA vessel were excluded. Three patients were receiv- 
ing -adrenergic blockers (1 propranolol, 2 metoprolol) 
that were not withheld before the procedure. No patient 
received calcium antagonists 212 hours before the 
- study. Long-acting nitrates were discontinued 26 hours 
before the study but sublingual nitroglycerin was given 
as clinically indicated. Diphenhydramine (25 to 50 mg) 
< and meperidine (25 to 50 mg) were used as routine pre- 
‘medication. All patients received 325 mg of aspirin oral- 


Jy the night before and 10,000 U bolus of heparin intra- 


venously at the initiation of the PTCA procedure with 
1,000 U heparin intravenously hourly thereafter. Dex- 
tran infusion was not used routinely. 

instrumentation before angioplasty: Before PTCA, 
a multithermistor coronary sinus thermodilution cathe- 
ter (Wilton Webster Labs) was inserted through a left 
antecubital vein. The technique of measuring great car- 
-diac vein flow!® has been widely used in similar PTCA 
= studies.'+58 Satisfactory regional great cardiac vein 
z flow data were obtained in 13 patients. 
~-Electrocardiography: Twelve-lead electrocardio- 
grams were obtained with a Hewlett Packard (model 


© 1517A) electrocardiogram terminal using radiolucent 
precordial electrodes. Data were recorded at baseline 


y 15 seconds during and for at least 60 seconds 
occlusion for each ischemic period. An 


ST-segment elevation >1 mV at 0.08 second after the J 
point occurring in 22 leads. Electrocardiographic isch- 
emia was also quantitated by the maximal ST-segment 
elevation in any precordial lead at 60 seconds of coro- 
nary occlusion. To assess the timing of electrocardio- 
graphic changes, a continuous 2-lead (leads I or II and 
V3 or Vs) electrocardiographic recording was also ob- 
tained from the electrocardiogram amplifiers of the he- 
modynamic recorder (Electronics for Medicine, VR- 
12). 

Pulmonary artery pressure and oxygen saturation: 
Pulmonary artery pressure and continuous pulmonary 
artery oxygen saturation were recorded in 14 patients 
using an oximetric balloon tipped flotation catheter 
(Edwards Laboratories or Oximetric, Inc.) introduced 
through the femoral vein and calibrated in vivo. A sig- 
nificant decline in pulmonary artery oxygen saturation ` 
was easily observed during ischemia as a 210% de- 
crease from baseline. Fluctuations of + 5 percentage 
points may be observed during routine cardiac catheter- 
ization.!7 

Echocardiographic studies: Two-dimensional and 
Doppler echocardiography was performed during 
PTCA as previously reported.* Two-dimensional, apical, 
4-chamber images were obtained continuously for 30 
seconds before, throughout and for at least 60 seconds 
after balloon deflation. Timing of balloon inflation and 
deflation was recorded directly on videotape. Continu- 
ous recordings of pulsed Doppler echocardiography of 
LV inflow were obtained for 30 seconds before, continu- 
ously throughout and for 60 seconds after balloon defla- | 
tion with identifying time markers then me teprodiced at 


paper spree of: 100 nmn 





"Coronary angioplasty: PTCA was performed in a 
o routine fashion. After crossing the lesion and perform- 
-ing 1 or 2 dilations for clinical purposes, the guiding and 
balloon catheters were cleared of contrast and flushed 
with saline for recording simultaneous distal coronary 
and aortic guiding catheter pressures. Data obtained af- 
ter the initial balloon dilatations permitted study infor- 
mation to be collected at stable baseline conditions. A 3- 
- minute equilibration period elapsed before performing 
the first of 2 control period inflations. Ischemia was pro- 
duced by balloon inflation (6 to 8 atmospheres, 45 to 60 
seconds), continuously recording electrocardiogram, 2- 
dimensional echocardiogram (first occlusion), Doppler 
mitral inflow velocities (second occlusion), hemodynam- 
. ic, regional and total coronary sinus blood flow. Doppler 
and 2-dimensional echocardiography was performed in 
a random fashion during the 2 control ischemic periods 
and repeated in the same order after diltiazem adminis- 
tration. After balloon deflation, data recording was con- 
tinued during the hyperemic period for another 60 to 90 
seconds. Distal coronary occlusion (wedge) pressure to 
assess recruitable collateral supply was recorded in 15 
patients with satisfactory coronary gradients. An equili- 
bration period (23 minutes) between balloon occlusions 
‘minimized residual ischemia and electrocardiographic 
changes before subsequent coronary occlusions. 

Diltiazem administration: After control ischemic 
data collection was completed, diltiazem (10 mg intra- 
venous bolus with 500 ug/min continuous infusion) was 
given and, after 15 minutes, ischemia reinduced. As in 
prior similar studies!4-689 and in a control PTCA 
group of 7 patients in our laboratory,’ serial coronary 
balloon occlusions, as well as duplicate occlusions before 
and after drug administration, demonstrated the repro- 
ducibility of data during the brief ischemic periods. In 
17 patients, the average diltiazem serum blood level was 
109 + 84 ng/ml and desacetyl diltiazem level was 14.8 
+ 9.7 ng/ml at the end of the study. 

Echocardiographic analysis: Chamber dimensions 
and shortening fraction were evaluated according to the 
American Society of Echocardiography recommenda- 
tions. Regional wall motion was analyzed by 2 experi- 
} enced observers who were blinded to study phase. Be- 
” cause quantitative regional wall motion analysis was un- 
-available in the laboratory, only time to new wall 
motion abnormalities (defined as new and severe re- 
gional LV hypokinesia, akinesia or dyskinesia) was 
used.” Quantitative analysis of global LV ejection frac- 
tion during coronary occlusion was accomplished by use 
of an off-line echocardiographic-computer system. End- 
diastolic and end-systolic frames were manually digitiz- 
ed at baseline, at 15 and 30 seconds during balloon oc- 
clusion and 30 seconds after balloon deflation. The ejec- 
tion fraction was calculated using a single plane 
area-length formula.!® 

Doppler analysis: Using a computer-interfaced digi- 
tizing tablet with custom-developed software, we mea- 
sured peak early and peak atrial mitral inflow velocities 
| and the total velocity integral. Data from 3 to 5 consec- 


ive beats were averaged. Percent atrial contribution 


was determined as the area under the mitral inflow ve- _ 
locity curve during atrial systole divided by the total _ 
area of the velocity curve. The flow velocity integral has 
previously been shown to correlate strongly with stroke 
volume.!9 The stroke integral index was calculated as. 
the product of the total flow velocity integral and the 
heart rate. 
Hemodynamic and coronary blood flow data analy- 
sis: Coronary resistance was the quotient of mean arte- 
rial pressure and great cardiac vein flow. Cardiac out- 
put was approximated from pulmonary artery oxygen 
saturations, assuming that the arterial oxygen satura~ 
tion was unchanged over the study period (<1 hour) at- 
>95% and that the pulmonary artery saturation reflect- 
ed forward blood flow and not other causes of pulmo- 
nary artery desaturation. Transmyocardial oxygen ex- 
traction was calculated from paired aortic and coronary `. 
sinus blood samples obtained at rest, at the end of coro- 
nary balloon occlusion and at 30 seconds into the hyper- - 
emic phase before and after diltiazem. The coronary 
blood flow values of the companion occlusion period 


were used to calculate myocardial oxygen consumption: = 


(arterial — coronary sinus oxygen content) + coronary - 
sinus blood flow, (volume percent - ml - min™!). System- 
ic vascular resistance was computed as: [mean arterial 
pressure — 5 (assumed right atrial pressure) /cardiac ` 
output] - 80; pulmonary vascular resistance as: [mean 
pulmonary artery diastolic pressure (as an estimate of 
LV filling pressure)/cardiac output] 
collateral resistance index was computed as: (mean ar- 
terial pressure — coronary occlusion pressure) /great 
cardiac vein flow. The change during ischemia was cal- 
culated as: percent of baseline change [(ischemic value 
— basal value)/basal value] - 100. : 

Chest pain score: The patients were asked before. 
and every 30 seconds after coronary artery occlusion to 
grade the chest pain (3 = severe, 2 = mild, 1 = minimal 
and 0 = none). The values were summed for 2 balloon 
inflations before and after diltiazem. 

Statistical analysis: Data were analyzed by l-way 
analysis of variance. When significant differences were — 
indicated, comparisons of the study section means were 
made using the Sheffe or Duncan multiple range F sta- 
tistic for multiple comparisons.”° Paired student ¢ test 
was used for comparison of the chest pain score. Proba- 
bility values <0.05 were considered significant. 


RESULTS 

Clinical data: All patients had initially successful 
PTCA (Table I). One patient (no. 14) had late coro- 
nary occlusion due to dissection after study completion 
and underwent successful coronary artery bypass sur- 
gery. No patient had angiographically significant mitral 
regurgitation. The chest pain score during coronary oc- 
clusion was reduced after diltiazem (4.3 + 0.8 to 1.8 Æ 
0.6, p <0.001). me 

Resting hemodynamic data: The systolic, diastolic. 
and mean arterial pressure were reduced after diltiazem 


at baseline (Table II). Heart rate was unchanged, but ce 


the heart rate-systolic capes product was reduced. 
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- 80. A coronary- 


_ | TABLE Ii Hemodynamic Data During Transient Ischemia 


Control ischemic Period 


Base Occlusion 


156 + 22 136 + 26 
83415 85417 
112415 106 +19 
75415 8i +18 


11,621 +2597 10,881 +3054 11,3494 1817 
43 + 10% 


3648 

1646 23475 
161 +48 133 458 
0.73 +0.21 
111444 
1.07+ 0.36 


76 +20 30+ 10 


384 25 


— 1.53 + 1.89 


7045 66 45t 
5.2411 
1,750 + 478 
115+ 30 
14.8415 — 
6.3404 
8541.5 


1,330 + 337 


1.01 40.67 
734317 
1.36 + 2.27 


78418 


44419 
1,946 + 420 
132434 


5.1403 
98415 
1,570 4 525 


Diltiazem Ischemic Period 


Hyperemia Base 


1544 18 
80 + 17 
110415 
74413 


3848 

1745 
176 +64 1 
0.68 + 0.22 
152 + 66 
0.81 + 0.30 


74413 


36421 


7045 

5.2411 
1,724 +475 

121 +35 1 


136 + 20* 


72411 
95 + 13* 
73414 


9,670 + 1743t 


3447 
1446 
48 +69 


0.74 +0.23 


98+ 41 


1.04 + 0.26 


73 +24 


24+4+21t 


7045 


5.24 1.1 
1,474 + 499 


14433 


— 1461.5 


61401 
8.8414 
1,567 + 748 


7640.4 
70411 
1,255 + 604 


* p <0.01;7 p <0.05 vs same value in control period; * p <0.05 vs baseline; $ p <0.01 vs baseline. 


AA-CS = differences in arterial coronary sinus oxygen content, volume percent; ART Oz = arterial oxygen content, volume percent; Base = baseline; CO = cardiac output 
{estimated from PA SAT, liters /min); Coll Resist = collateral resistance; COR P = coronary pressure; CSF = coronary sinus flow (mi / miny, CSR = coronary sinus resistance; CS O7= 
coronary sinus oxygen content, volume percent; DIA = diastolic pressure (mm Hg); GVF = great vein flow (ml/min); GVR = great vein resistance (U); HR = heart rate (beats/min): 

< MAP = mean arterial pressure (mm Hg); MVO2 (SA-CS + coronary sinus blood flow, (mt - min7} - volume %); PAD-= pulmonary artery diastolic pressure (mm Hg); PAS = pulmonary 
saturation (%); PYR = pulmonary vascular resistance (dynes -s -cm5); SVR = systernic vascular resistance 


| artery systolic pressure (mm Hg): PA SAT = pulmonary artery oxygen 
(dynes -s - cm~®); SYS = systolic pressure (mm Hg); SYS = HR = heart rate — systolic pressure product (beats - min7! - mm Hg); %4 = (occlusion-base)/base) « 100. 








TABLE Ill Echocardiographic Indexes of Left Ventricular Function During Transient Coronary Occlusion 





Baseline 





SI 
Control 1,118 +325 
Diltiazem 1,144 + 282 
P value NS 

EF 
Control 5147 
Diltiazem 54412 
P value NS 

Peak E 
Control 72.2 +21.0 
Diltiazem 75.1 +16.2 
P value NS 

Peak A 
Control 70.7 +17.7 
Diltiazem 67.54 14.8 
P value NS 

E/A 
Control 1.04 + 0.27 
Diltiazem 1.15 +0.35 
P value NS 

%AC 
Control 

< -Diltiazem 

=o Piyale 


42.7 £123 
36.8480 
0.0195 





"7 p £0.05 vs baseline, E/A = peak E /peak A ratio, EF = 2-dimensional echocardiogr 
t ak A = peak atrial fil velocity (cm/s. Peak E = peak early filling velocity (cm 


Occlusion 


15 seconds 


1,047 + 299 
1,068 + 287 
NS 


46413 
52412 
NS 


65.24 19.6 
67.9 + 18.4 
NS 


67.1415.7 
67.54 13.3 
NS 


1.00 0.30 
1.02 + 0.22 
NS 


4464155 
4244104 
NS 


Occlusion 


12449 
73 412% 
94+ 15? 
75414 


9,401 +1786 9,87141715 


3949 

20+ 68 
125 + 60 
0.93 + 0.50 

81+ 41 
1.42 +0.72 


28+8 
68+ 14 


0.97 + 0.60 
6845 
4941.2 

1,584 + 392 
117 +40 
5.81.1 
8.7417 

1,155 4 559 


Hyperemia 


1,514 + 405 


1,369 4 516 


Change During Ischemia 
Control Diltiazem 


hA ha 


tee 








30 seconds 





920 + 290* 
1,022 + 253* 
0.06 


41 + 12* 
47414 
0.01 


61.4 + 20.7* 
67.4 +17.0 
0.0625 


63.4 +15.1 
67.5 + 16.0 
NS 


0.99 + 0.32 
1.03 + 0.25 
NS 


44.5 + 16.2 
43.2413.5 
NS 


30 seconds 


After Occlusion 
ee | 


974 + 301* 
1,109 218 





167.8 + 17.3 
74.0 + 13.3 
0.0285 


63.8 + 16.7 
7294121 
0.0262 


1.104 0.26 
1.0340.17 
NS 


39.0 + 11.2 
ALI +77 
NS 


ic left ventricular ejection fraction (%); NS = not significant P = probability value by Scheffe 


ZS% % AC = percent atrial contribution to filling: integral index (em / min). 





Pulmonary artery pressures, cardiac output, systemic 
` and pulmonary resistances were similar before and after 
diltiazem at baseline. 

Coronary blood flow responses: Diltiazem had min- 
imal effect on baseline great cardiac vein or coronary 
sinus blood flow (Table H). Regional and global coro- 
nary and coronary collateral resistance indexes were un- 
affected by diltiazem at rest. 

Hemodynamic changes during ischemia: Diltiazem 
tended to reduce the percent change in all hemodynam- 
ic variables during myocardial ischemia (Table II). 
However, only the percent change in great vein flow 
(—32 + 19 to —20 + 19%, p <0.05) and pulmonary 
_ vascular resistance (19 + 13 to 3 + 17%, p <0.05) 
~ achieved statistical significance. The absolute great vein 
.. blood flow decline (73 + 31, 81 + 41 ml/min, differ- 
ence not significant) and distal coronary pressure were 
similar during coronary occlusion before and after dilti- 
azem. The translesional coronary gradient was initially 
less for the diltiazem ischemic periods, but was not asso- 
ciated with different occlusion level coronary blood flow 
or ‘postocclusion hyperemic values. Pulmonary artery 
oximetric responses during ischemia demonstrated that 
11 of 14 patients had significant, transient ischemia-in- 
duced 210% decline in mixed venous oxygen saturation 
before treatment. These changes were attenuated or ab- 
sent in 8 of the 11 patients after diltiazem. In 3 patients, 
diltiazem had no effect on transmyocardial oxygen ex- 
traction/use during ischemia. 

Electrocardiographic changes: The time to 1.0 mm 
ST-segment elevation during ischemia was prolonged 
after diltiazem (28 + 10 to 42 + 17 seconds, p <0.05). 
The maximal ST-segment elevation tended to be less 
after diltiazem. (2.58 + 1.6 to 2.25 + 1.5 my, difference 
not significant). The time to ischemic ST-segment re- 
covery was similar for control (22 + 14 seconds) and 
diltiazem periods (23 + 14 seconds, difference not sig- 
nificant). 

Echocardiographic indexes of left ventricular func- 
tion: The time to new LV segmental wall motion abnor- 
mality during ischemia increased from 24 + 8 to 36 + 
12 seconds (p <0.001) after diltiazem (Table HD). 
Echocardiographic LV ejection fraction was reduced 
from 51 + 7 to 41 + 12% (p <0.05) during control 
ischemia. After diltiazem, the LV ejection fraction de- 
‘creased from 54 + 12 to 47 + 14% (difference not sig- 
nificant), significantly higher than control (47 + 14 vs 
41 + 12%, p <0.01). The stroke integral index declined 
(p <0.05) during ischemia and remained impaired in 
the postocclusion period. After diltiazem, the stroke in- 
tegral index declined to a lesser degree during ischemia 
(1,114 + 282 cm/min to 1,022 + 253 cm/min, p <0.05 
vs baseline, p <0.06 vs control). In contrast to the con- 
trol response, the stroke integral index returned to nor- 
mal in the postischemic period after diltiazem (1,109 + 
218 vs 974 + 301 cm/min at control, p <0.02). 
>o Doppler left ventricular filling during ischemia: 
Peak- early and peak atrial velocities showed differing 
- responses to ischemia before and after diltiazem. At 
_ baseline, peak early and peak atrial velocities were un- 


changed by diltiazem, but after 30 seconds of ischemia, __ 
peak early velocity decreased from 72 + 21 cm/s to 61 

+ 21 cm/s (p <0.05) in untreated patients, while re- 
maining unchanged after diltiazem. 


DISCUSSION : 
Diltiazem can attenuate, but not abolish, some fea- 
tures of myocardial ischemia produced by transient cor- 
onary artery occlusion. Reduction in clinical ischemic 
pain and prolongation of time to new segmental LV 
wall motion and electrocardiographic ischemic abnor- 
malities were evident after treatment with diltiazem. 
Mechanisms: Reduction in myocardial oxygen de- 


mand more than augmentation of coronary blood flow, — : 


directly or indirectly after diltiazem, appears to be the 
predominant mechanism of beneficial action. Peripheral 


hemodynamic effects of other antiischemic agents also oe 
appear to be predominant antiischemic mechanisms _ 
during PTCA.*-7:!3 Other potential mechanisms of cal- =- 


cium antagonists in ameliorating myocardial ischemia ` 
may include direct cardioprotective effects,?! prevention _ 
of calcium accumulation in mitochondria of ischemic 


cells,?? decreased oxygen consumption,!!?!-?3 coronary _ 


artery vasoconstriction,!© prevention of ischeric-in- 


duced arrhythmias” and increased coronary blood flow _ 


to ischemic tissue directly or through augmentation of 

collateral flow.” a 
Comparison to other antiischemic drugs during cor- - 

onary occlusion: The antiischemic effects of diltiazem 


were apparently similar to intracoronary propranolol ` 


and nifedipine.” However, sublingual nifedipine and in- 
tracoronary nitroglycerin in a similar PTCA study* pro- 
duced little or no increase in coronary flow or attenua- 
tion of electrocardiographic ischemia. Nicardipine re- 
duced signs of ischemia and altered prostaglandin 
metabolism during PTCA. The mechanism of ischemic 
attenuation with nicardipine appeared to be unrelated 
either to changes in coronary blood flow or to the sys- 
temic hemodynamic effects of the drug.” 

Effects of calcium antagonists on left ventricular 
function during ischemia: The maintenance of systolic 
function during ischemia in our patients was similar to 
that observed in animal studies showing improvement in 
LV shortening fraction after calcium antagonists with 
both nifedipine and diltiazem.”! Vasodilators (nitroglyc- 
erin and nitroprusside) alone did not improve myocardi- 
al shortening in ischemic regions.” Prevention of the 
ischemic-induced decline in LV ejection fraction cannot 
be attributed entirely to reduced afterload because re- 
ductions in systemic pressure (and presumably after- 
load) after diltiazem did not change baseline LV ejec- 
tion fraction. Although improved in most patients after - 
PTCA,” diastolic function assessed by Doppler mitral 
inflow velocity measurements during ischemia is not 
generally assessed. Doppler-derived diastolic function is 
complex, with impaired relaxation and impaired compli- 
ance having contrasting effects on LV filling.?? The rap- 
id decrease in peak early velocity seen after the induc- 
tion of ischemia is consistent with an early effecton LV 
relaxation. The ischemic-mediated decrease in peak ear- 





_ly velocity was attenuated after diltiazem. Because a 
‘complex series of interrelated factors (such as active re- 
laxation, LV compliance and initial hemodynamic sta- 
tus) are involved, direct conclusions regarding diastolic 
function as described here cannot be made. 

Effects on coronary and collateral blood flow during 
ischemia: Great vein blood flow did not increase during 
ischemia, but the percent decline from baseline during 
ischemia was less after receiving diltiazem. The collater- 
al coronary resistance index and coronary occlusion 
wedge pressures, indicators of collateral function, were 
unaffected by diltiazem. Diltiazem is postulated to im- 
prove ischemia through partial correction of the suben- 
docardial underperfusion occurring with flow-limiting 
stenoses.*>° Thus, a beneficial effect on ischemia due 
to favorable redistribution of transmural blood flow 
may occur in the absence of increased global or regional 
coronary venous efflux.3° 

Hemodynamic effects and safety of intravenous dil- 
tiazem: The dose of diltiazem selected was based on 
common clinical practice and results from previous 
studies!!:!2.14.15 and had minimal effects on heart rate 
despite significant decreases in systemic arterial pres- 
sure. Some patients undergoing coronary angioplasty 
may be receiving B-adrenergic blockers, which rarely 
have adverse hemodynamic effects when combined with 
intravenous diltiazem.'* The ischemia produced in the 3 
patients receiving 6 blockers would have been even 
greater if 6 blockade had been withheld and the effects 
of diltiazem may have been more prominent in the ab- 
sence of 8 blockers. No patient had adverse effects of 
diltiazem alone or combined with 8 blockers. 

Limitations: The reproducibility of inducible isch- 
emia in the human angioplasty model has been ad- 
dressed previously.'~? Clinical angina may be perceived 
differently during subsequent coronary occlusions and is 
not used as evidence for attenuation of ischemic effects. 
Unmeasured or uncontrollable variables (such as trans- 
lesional gradient, coronary vasomotor tone) may have 
affected postischemia results, but should have little ef- 
fect on the degree of ischemia used for comparisons. In 
addition to complex Doppler features of diastolic func- 
tion, the stroke integral may not accurately reflect 
cardiac output when mitral orifice area is variable. Al- 
though measurement of mitral orifice area was not de- 
termined during the brief study periods, changes in 
stroke integral index did parallel changes in LV ejection 
fraction. 

Clinical implications: Diltiazem attenuates, but does 
not abolish, myocardial ischemia during transient coro- 
nary occlusion more predominantly through systemic 
hemodynamic mechanisms than direct or indirect aug- 
mentation of coronary blood flow. Brief but salutory ef- 
fects on clinical, electrocardiographic and LV functional 

„indexes were identified. Nonetheless, other potentially 
beneficial mechanisms (e.g., limiting vasospasm, protec- 
~ tion after prolonged ischemia or nontransmural myocar- 
_ dial infarction) support the use of diltiazem as a phar- 


' macologic adjunct that may be used aply a and safely 
PICA |. ; ; 
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Effects of Left Ventricular Preload and Afterload 
on Ascending Aortic Blood Velocity and 
Acceleration in Coronary Artery Disease 


John B. Bedotto, MD, Eric J. Eichhorn, MD, and Paul A. Grayburn, MD 


Doppler measurements of the velocity and accelera- 


tion of ascending aortic blood flow have been used 
as indexes of left ventricular (LV) contractility. 
Conflicting data exist, however, on the influence of 
LV leading conditions on these measurements. 
Therefore, simultaneous LV micromanometer pres- 
sure measurements, 2-dimensional echocardiogra- 
phy and continuous-wave Doppler studies were 
performed before and after preload or afterload 
manipulation in 16 patients with coronary artery 
disease. Nitroprusside (n = 9) was administered in 
combination with saline to maintain preload and 
achieve a 10 to 20% reduction in mean aortic pres- 
sure. Saline (n = 7) was administered (850 + 240 

` mi) to increase LV end-diastolic pressure 25 to 
50%. All measurements were obtained during atri- 
al pacing at a heart rate 10 to 15 beats/min above 
resting sinus rate. The administration of nitroprus- 
side plus saline decreased LV end-systolic wall 
stress (94 + 27 to 67 + 14 g/cm? x 103, 

p = 0.011) without changing LV end-diastolic pres- 

_ Sure and end-diastolic dimension. Peak velocity 
(0.8 + 0.2 to 0.9 + 0.3, p = 0.044), velocity time 
integral (11 + 4 te 13 + 5 cm, p = 0.049) and 
mean acceleration (12 + 4 to 17 + 7 m/s’, p = 
0.0014) increased significantly. The administration 
of saline alone significantly increased LV end-dia- 
stolic pressure (10 + 4 to 22 + 4 mm Hg, p = 
0.0006), LV end-diastolic dimension (4.8 + 0.5 to 
5.1 + 0.5 cm, p = 0.0001), peak velocity (0.9 + 
0.3 to 1.0 + 0.4 m/s, p = 0.008), velocity-time in- 
tegral (14 + 5 to 18 + 7 cm, p = 0.005), and mean 
acceleration (14 + 6 to 17 + 7 m/s2, p = 0.041). 
Thus, even a modest change in either preload or 
afterload altered peak velocity, the velocity time 
integral and mean acceleration. These data have 
important clinical implications regarding the ap- 
plication of Doppler aortic flow indexes in the as- 
sessment of LV function. 

(Am J Cardiol 1989;64:856-859) 





dition, 0.9% s 


ventricle has been a subject of interest for many 

years.'? Studies performed during left-sided 
heart catheterization in animals and humans have dem- 
onstrated that peak aortic blood flow velocity and accel- l 
eration are sensitive indicators of left ventricular (LV) ~ 
performance.*~ Recently, Doppler measurements of the 
velocity and acceleration of ascending aortic blood flow 
have been used as noninvasive indexes of LV contractili- 
ty.^-!0 Several investigators have demonstrated that 
Doppler-derived peak aortic blood velocity and accel- 
eration closely correlate with other measures of systolic 
performance, such as ejection fraction, stroke volume 
and dP/dt.°8° Conflicting data exist, however, regard- 
ing the effects of LV loading conditions on these mea- 
sures.*3°891! Thus, we designed the present prospective 
study to evaluate the hypothesis that changes in after- 
load or preload influence peak aortic blood velocity and 
acceleration measurements by continuous-wave Dopp- 
ler. 


T: maximal acceleration of blood from the left 


METHODS 

Study patients: The study population consisted of 16 
men (mean age 53 + 10 years) referred for elective car- 
diac catheterization for the evaluation of chest pain. Pa- 
tients were excluded if they had valvular heart disease, 
unstable angina or a recent myocardial infarction. All 
patients were premedicated with oral diphenhydramine 
(25 to 50 mg) and chlordiazepoxide (25 to 50 mg) 1 
hour before the study. Antianginal medications were 
not withheld for the study and included nitrates (n = 
16), calcium antagonists (n = 16) and @-adrenergic 
blockers (n = 6). 

Study protocol: A 6Fr pacing catheter was posi- ». 
tioned in the right atrium under fluoroscopic guidance, 
Atrial pacing was then initiated at a rate of 10 to 15 
beats/min above resting sinus rate. This was done to 
avoid any possible influence of heart rate variation on 
measurements of aortic velocity and acceleration. A 7Fr 
micromanometer catheter (Millar Instruments) was 
then advanced from a femoral artery to the descending 
aorta. Baseline 2-dimensional and Doppler echocardio- 
grams were then performed followed by measurements 
of aortic and LV pressures. 

Nitroprusside administration: In 10 patients, base- 
line hemodynamic, echocardiographic and Doppler 
studies were followed by nitroprusside (0.25 ug/kg/ 
min) administration. The nitroprusside infusion was in- °: 
creased in an incremental manner until a 10: to. 20%. > 
reduction in mean arterial pressure was observed. In ad- : 

was ad ed to maintain LV | 





end-diastolic pressure at baseline levels. Repeat hemo- 
dynamic measurements were followed by repeat echo- 
cardiographic and Doppler examinations. 

Saline administration: In 8 patients, baseline hemo- 
dynamic, echocardiographic and Doppler measurements 
were followed by rapid infusion of 0.9% saline (850 + 
240 ml) through a femoral venous sheath until a 25 to 
50% increase in LV end-diastolic pressure was observed. 
Repeat hemodynamic measurements were followed by 
repeat echocardiographic and Doppler examinations. 

Two-dimensional and Doppler echocardiography: 
Baseline and postinfusion 2-dimensional and Doppler 
echocardiography was performed by an experienced op- 
erator using a commercially available instrument 
(VingMed CFM 700). All subjects were studied in the 
supine or partial left lateral decubitus position using a 
3.5-MHz imaging transducer. After 2-dimensional im- 
aging, aortic blood flow was interrogated from the su- 
prasternal notch using a 2.0-MHz (Pedof) continuous- 
wave Doppler transducer. Both audible and spectral 
outputs were used to locate the flow signal with the 
highest velocity and the most sharply defined spectral 
contour. All Doppler data were recorded on a stripchart 
recorder (Honeywell LS-85) at a paper speed of 100 
mm/s as well as one-half inch VHS videotape for subse- 
quent analysis. 

Analysis of Doppler and two-dimensional echocar- 
diographic data: Standard echocardiographic measure- 
ments of end-diastolic and end-systolic LV diameter 
and wall thickness were performed in the short-axis 
view at the level of the papillary muscles. LV meridio- 
nal wall stress at end-systole was calculated using the 
following formula: 
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End-systolic wall stress = [(Pes)(Des)(1.35)]/ 
[(4)(hes)(1 + hes/Des)], 


where wall stress is expressed in g/cm? X 10°; Pes is 
pressure at end-systole in mm Hg; Des and hgs are end- 
systolic dimension and wall thickness in cm, respective- 
ly; and 1.35 is the factor used to convert pressure from 
mm Hg to g/cm? X 10.1? 

All Doppler studies were analyzed by an experienced 
observer. Aortic flow velocity signals were traced using 
a trackball and microprocessor computer to identify 
peak velocity, velocity time integral and mean accelera- 
tion (Figure 1). For each of these parameters, 3 to 4 
high quality beats were analyzed and the results aver- 
aged. 

Reproducibility of Doppler data: The interobserver 
variability was determined by comparing the values ob- 
tained when 2 observers independently analyzed (n = 
40) identical beats. The variability of each Doppler 
measurement was determined by linear regression anal- 
ysis comparing the values obtained by each observer. 
The standard error of the estimate for intraobserver 
measurements of velocity (0.05 m/s, r = 0.98), and the 
velocity time integral (1.0 cm, r = 0.96) were minimal. 
The standard error of the estimate for intraobserver 
measurements of mean acceleration was 2.7 m/s, 
r = 0.85. 

Angiographic analysis: After hemodynamic mea- 
surements, coronary angiography and biplane ventric- 
ulography were performed. Significant coronary artery 
disease was defined as 250% luminal narrowing in a 
major epicardial vessel. Accordingly, l-vessel disease 
was present in 2, 2-yessel disease in 1, and 3-vessel dis- 





Before Nitroprusside 


After Nitroprusside 


LV end-diastolic pressure (mm Hg) 
LV end-diastolic dimension (cm) 
End-systolic wall stress (g/cm? x 103) 
Peak velocity (m/s) 

Velocity time integral (cm) 

Mean acceleration (m/s?) 


* Comparisons between before and after nitroprusside values. 
LV = left ventricular; NS = not significant. 


TABLE Il Effect of Increased Preload on Hemodynamics, Peak Velocity, Velocity Time Integral and Mean Acceleration 


Before Saline After Saline 


2244 

5.1405 
69 + 29 
1,040.4 


1044 

4840.5 
67 + 26 
0940.3 


LV end-diastolic pressure (mm Hg) 
LV end-diastolic dimension (cm) 
End-systolic wall stress (g/cm? x 103) 
Peak velocity (m/s) 


1445 
1446 


Velocity time integral (cm) 
Mean acceleration (m/s?) 


* Comparisons between before and after saline values. 
LV = left ventricular; NS = not significant. 


ease in 13 patients. LV volumes were determined using 
the area length method.!3 Mean LV end-diastolic vol- 
ume index was 79 + 17 ml/m2, and mean LV end- 
systolic volume index was 28 + 17 ml/m2, Mean LV 
ejection fraction was 0.67 + 0.11, and 7 patients had 
regional wall motion abnormalities consistent with prior 
myocardial infarction. 

Statistical methods: All data are expressed as mean 
+ 1 standard deviation. Differences between baseline 
and postinfusion studies were analyzed using a paired 
Student ¢ test. A p value of <0.05 was considered statis- 
tically significant. 


RESULTS 

Effects of afterload reduction: The effects of nitro- 
prusside plus saline on hemodynamic and Doppler mea- 
surements are listed in Table I. The administration of 
nitroprusside plus saline significantly reduced afterload 
as evidenced by a decrease in end-systolic wall stress (94 
+ 27 to 67 + 14 g/cm? X 103, p = 0.011) without 
significantly affecting preload. This change in afterload 
was associated with significant increases in peak aortic 
velocity (0.8 + 0.2 to 0.9 + 0.3 m/s, p = 0.044), the 
: velocity time integral (11 + 4 to 13 + 5 cm, p = 0.049) 
and mean acceleration (12 + 4 to 17 + 7 m/s’, p = 
0.0014). 

Effects of preload augmentation: The effects of sa- 
line administration on hemodynamic and Doppler mea- 
surements are listed in Table II. Preload was increased 
by saline administration as evidenced by an increase in 
LV end-diastolic pressure (10 + 4 to 22 + 4mm Hg, p 
= 0.0006) and LV end-diastolic dimension (4.8 + 0.5 to 

5.1 + 0.5 cm, p = 0.0001), whereas afterload remained 
unchanged. Preload augmentation was associated with 
significant increases in peak aortic velocity (0.9 + 0.3 to 
1.0 + 0.4 m/s, p = 0.008), velocity time integral (14 + 

= 0.005), and mean acceleration (14 
004). 


187 
1747 





DISCUSSION 

Peak velocity and acceleration of ascending aortic 
blood flow were first proposed as indexes of LV func- 
tion >25 years ago.!? However, little attention was fo- 
cused on these indexes until the widespread use of 
Doppler echocardiography enabled them to be assessed 
rapidly and noninvasively. Recently, Doppler measure- 
ments of aortic velocity and acceleration have been used 
both at rest and during exercise!” to assess changes in 
LV systolic function associated with coronary artery 
disease,’ cardiomyopathy,!4 rate responsive pacing!5 
and medications.!617 Proper interpretation of such stud- 
ies requires an understanding of the effects of changes 
in loading conditions on Doppler indexes of aortic veloc- 
ity and acceleration. 

Conflicting data exist regarding the dependence of 
these indexes on preload and afterload. Initial studies in 
animals suggested that aortic peak acceleration, mea- 
sured by differentiation of an electromagnetic flow sig- 
nal, was load independent.? However, more recent data 
demonstrate that Doppler measurements of aortic veloc- 
ity and acceleration are dependent on both preload and 
afterload in dogs.3!! Data from human studies have 
been contradictory due to methodologic problems, such 
as altering preload without keeping afterload constant 
and vice-versa. The present study establishes that Dopp- 
ler measurements of ascending aortic velocity increase 
directly with preload and inversely with afterload in 
man. Furthermore, the changes in preload and afterload 
in this study were relatively modest, such that even mi- 
nor changes in loading conditions might be expected to 
influence measurements of aortic blood flow. Thus, 
studies evaluating serial changes in velocity and accel- 
eration must take into account potential differences in 
loading conditions between Doppler examinations. 

Several investigators have stated that aortic peak ve- 


locity and acceleration a 
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myocardial contractility are by definition independent 
of preload and afterload.|!* Ejection phase indexes of LV 
performance, such as ejection fraction, stroke work and 
circumferential fiber shortening, are notoriously depen- 
dent on loading conditions and thus are not measures of 
myocardial contractility.’* This study confirms that aor- 
‘tic velocity and acceleration are load-dependent mea- 
sures of LV ejection performance, not myocardial con- 
tractility. 

Limitations: Both peak®*!9 and mean? !42021 ac- 
celeration of ascending aortic blood flow have been used 
as indexes of LV performance. The measurement of 
peak aortic acceleration, which was not assessed in our 
study, requires special instrumentation that differenti- 


. . ates the initial portion of the aortic velocity signal. Most 


commercially available spectral Doppler echocardio- 
graphic instruments do not accurately measure peak ac- 
celeration; therefore, only mean aortic acceleration was 
used in this study. In addition, medications may have 
influenced the Doppler measurements of velocity and 
acceleration in this study. However, such an effect 
would be expected to be constant through both baseline 
and loading manipulation, and thus would not have 
caused the observed changes in Doppler indexes with 
varying loading conditions. Finally, we studied only pa- 
tients with coronary artery disease and it is possible that 
wall motion abnormalities due to previous infarction or 
a nitroprusside-induced coronary “steal” phenomenon 
may have attenuated the increase in aortic velocity and 
acceleration with load manipulation. Nevertheless, this 


should not alter the conclusion that aortic velocity and 
acceleration are load dependent in man. 
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To assess the clinical value of Positron emission 
. tomography (PET) in the evaluation of coronary ar- 
tery bypass grafting (CABG), PET perfusion and 
metabolic imaging using nitrogen-13 ammonia and 
fluorine-18 deoxyglucose (FDG) was performed 
before and 5 to 7 weeks after CABG in 22 patients 
with coronary artery disease. Postoperative im- 
provement in hypoperfusion was observed more of- 
ten in the metabolically active segments (62%) than 
in the inactive segments (27%) on the preoperative 
= PET study (p <0.05). Similarly, the postoperative 
lessening of wall motion abnormality was observed 
more often in the metabolically active segments 
(78%) than in the inactive segments (22%) (p 
<0.001). Of 19 asynergic segments showing in- 
creased FDG uptake before operation, the postop- 
erative PET revealed a decrease in FDG uptake in 
13 (68%) and persistent uptake in 6 (32%). The 
improvement in asynergy was observed in all the 
Segments that showed a postoperative decrease in 
FDG uptake, but in only 50% of those with persis- 
tent uptake (p <0.01). On the other hand, 4 of 5 
segments showing a new FDG uptake after opera- 
tion revealed further wall motion abnormality. Fur- 
-. thermore, the segments metabolically active before 
operation were more likely to have patent grafts 
(95%) than the metabolically inactive segments 
_ (70%) (p <0.05). Thus, preoperative metabolic im- 
aging using PET appears to be useful for predicting 
the response to CABG. Improvement in metabolic 
derangement was associated with improvement in 
regional function after CABG. 
(Am J Cardiol 1989;64:860-—865) 
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yocardial asynergy has been often observed to 
Mer after restoration of blood flow.!2? To « 
identify those viable but dysfunctional seg- 
ments, stress-delayed thallium-201 myocardial imaging 
has been used to distinguish reversible ischemic regions 
from irreversible infarcted myocardium.*-> Recent stud- 
ies, however, have described an underestimation of re- 
versible ischemia by thallium-201 studies,6-8 
Position emission tomography (PET) is unique in its 
capability to assess regional myocardial perfusion and 
metabolism. With increased uptake of fluorine-18 fluor- 
odeoxyglucose (FDG) as an indicator of exogenous glu- 
cose utilization, hypoperfused myocardium is considered 
an ischemic but viable region.>!° On the other hand, 
considerable variations in functional recovery have been 
observed after revascularization in animal and human 
studies.''-!3 We hypothesized that metabolic imaging 
can accurately identify those reversible ischemic seg- 
ments whose regional function will improve after coro- 
nary artery bypass grafting (CABG), and that this im- 
provement is associated with the changes in metabolic 
activity. To support these hypotheses, PET using FDG 
was performed before and after CABG, and the meta- 
bolic findings were compared with the changes in re- 
gional myocardial function. Our study determines the 
predictive value of PET for identifying improvement in 
hypoperfusion and wall motion abnormality, and relates 
the alteration of metabolic activity with the improve- 
ment in regional function and graft patency. 


METHODS 

Patients: Twenty-two consecutive patients undergo- 
ing CABG who underwent PET before and after sur- 
gery were evaluated. The study comprised 20 men and 
2 women, ages 36 to 68 years (mean 57). PET was per- 
formed within 4 weeks before CABG and repeated 5 to 
7 weeks after CABG. Seventeen patients had a history 
of myocardial infarction with a duration >1 month af- 
ter onset. All patients gave written informed consent. 

Positron emission tomography: PET was performed 
with a whole-body, multislice positron camera (Positolo- 
gica IH, Hitachi Medical Co.).!4 The method has been 
fully described elsewhere.!5-!7 In brief, after accurate 
positioning of the patient under the positron camera, a 
transmission scan was performed for 15 minutes, Then, 
10 to 20 mCi of nitrogen-13 ammonia was intravenous- 









t, and myocardial perfusion imaging 
r 5 minutes. Immediately after the 
can was carried out for 8 minutes 









scans provi ed a total of 14 contiguous transverse slices 
of the myocardium with 8-mm intervals.'® 

The FDG study was separately performed within a 
week after the nitrogen-13 ammonia study. All patients 
“fasted for at least 5 hours before the study. Two to 7 
< mCi of FDG was injected at rest and, 60 minutes later, 
2 emission scans were obtained every 8 to 10 min- 
utes.!5-17 

Analysis of positron images: The regional myocar- 
dial perfusion was quantitatively assessed by circumfer- 
ential profile analysis of 3 transverse slices of nitrogen- 
< 13 ammonia distribution in a patient and the lower limit 
“of a normal subject. The lower limit was determined as 

‘the mean minus 2 standard deviations from the values 

of 10 normal volunteers.!? The left ventricular myocar- 

dium was divided into 5 segments (anterior, septal, api- 

¿cal, inferior and lateral). Segments with perfusion below 
-the lower limits and covering at least 30° of the profiles 
were considered hypoperfused segments. 

The perfusion images obtained before and after sur- 
gery were quantitatively analyzed to assess any im- 
provement in perfusion. To ensure that the same seg- 
ment in the same slice was compared on the perfusion 
images acquired before and after the operation, a series 
of transverse slices of the 2 scans were displayed side by 
side before selection of 3 representative slices for cir- 
cumferential profile analysis. Based on the study of per- 
fusion variations in normal subjects,'° the perfusion was 
considered improved when the postoperative perfusion 


at rest improved = 10% in comparison with the preoper- 


ative perfusion on the profile curves. When the postop- 
erative perfusion decreased 210% versus the preopera- 
tive perfusion on the profile curves, the perfusion was 
considered deteriorated. 


Nitrogen-13 ammonia and FDG images were corre- 
lated in the corresponding segments. Three experienced 
observers visually interpreted the uptake on both im- 
ages. The segments with normal perfusion were defined — 
as normal areas. The hypoperfused segments with FDG 
uptake definitely higher than nitrogen-13 ammonia 
were defined as ischemic areas. The hypoperfused seg- 
ments with FDG uptake less than or similar to nitrogen- 
13 ammonia uptake were defined as myocardial 
scar.%15-17 

Wall motion analysis: To assess regional wall mos 
tion, each patient underwent radionuclide ventriculog- 
raphy in the anterior and left anterior oblique projec- 
tions after intravenous injection of 20 mCi of techne- 
tium-99m in vivo-labeled red blood cells before and 
after CABG. The left ventricle was divided into 5 seg- 
ments that corresponded to those of the perfusion analy- 
sis. Wall motion was visually scored by 3 experienced 
observers from 2 to —1 (normal, hypokinetic, akinetię 
and dyskinetic) without knowledge of other radionu- 
clide or postoperative results. When the score increased 
by 21 after the operation, the segment was defined as 
postoperatively improved wall motion, whereas the seg- 
ment with score decreased by =1 after the operation 
was defined as deteriorated wall motion. The septal seg- 
ment was excluded from the wall motion analysis be-. 
cause of frequent postoperative paradoxical motion. =- 

Coronary bypass surgery: All patients underwent — 
grafting of the saphenous vein or internal mammary ar- 
tery. One patient received 1 bypass graft, 9 patients had 
2 grafts and 12 patients had 3 grafts. Of a total of 55 
bypass grafts, 45 (82%) were patent on the angiography : 
performed 1 month after the operation. Two patients 
were believed to have had a small perioperative myocar- < 
dial infarction. Two patients underwent aneurysmecto- ... 
my. 
Statistical analysis: Comparisons of proportions 
were performed by way of chi-square analysis or Fish- 
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‘orrelation of Changes in F-18 Deoxyglucose 


i ke with Perfusion Changes in 51 Preoperative 
of Hypoperfused Segments 
Postoperative Perfusion 


No. of 


FDG Change Segments Improved Unchanged Deteriorated 


FDG(+) > FDG(—) 14 11 3 0 
FDG(+)-+ FDG) 7 (1)* 2 3 2(1) 
FDG(—) > FDG(—) 26 (5) 7(1) 18 (3) 1(1) 
FDG(—)-+ FOG(+) 4(4) 1(1) 0 3(3) 
Total 51(10) 21(2) 24 (3) 6 (5) 


* Parentheses denote number of segments supplied with occluded grafts. 
FDG = F-18 deoxygiucose. 


er’s exact test. Probability values <0.05 were considered 
significant. 


RESULTS 

The preoperative nitrogen-13 ammonia study identi- 
fied 51 hypoperfused segments in 20 of the 22 patients 
(91%). Of these hypoperfused segments, 21 (41%) im- 
proved after the operation, 24 (47%) remained un- 
changed and 6 deteriorated (12%). The preoperative 
PET revealed ischemia in 21 segments (41%) and scar 
in 30 (59%) (Figure 1). Hypoperfusion in 21 metaboli- 
cally active segments improved in 13 (62%), was un- 
changed in 6 (29%) and deteriorated in 2 (10%) after 
surgery. In contrast, hypoperfusion in 31 metabolically 
inactive segments improved in only 8 (27%) (p <0.05) 
(Figure 1). Thus, the preoperative metabolic activity us- 
ing PET correctly predicted perfusion improvement in 
62% and no improvement in perfusion in 73% after 
CABG. 

Preoperative radionuclide ventriculography identi- 
fied 46 segments with wall motion abnormalities in 20 
of the 22 patients (91%). Wall motion improved after 
operation in 23 (50%) of these asynergic segments, was 
unchanged in 19 (41%) and deteriorated in 4 (9%). The 
preoperative PET revealed 4 normal segments (9%), 
ischemia in 19 (41%) and scar in 23 (50%). Thus, the 
“preoperative PET identified 23 segments as metaboli- 
cally viable regions. Wall motion abnormality improved 

in 18 (78%) of these segments, whereas the remaining 5 
segments did not improve postoperatively. In contrast, 
of 23 segments exhibiting metabolically inactive re- 
gions, only 5 (22%) improved in wall motion abnormali- 
< ty (p <0.001) (Figure 2). Thus, preoperative metabolic 


activity on PET correctly predicted improvement in wall 


motion abnormality in 78% of the segments and no im- 
-provement in 78% after CABG. Examples of PET and 
‘radionuclide ventriculography before and after CABG 

are shown in Figures 3 and 4. 

.. Table I lists the qualitative changes of FDG uptake 
after CABG in the 51 hypoperfused segments. Of 21 
hypoperfused segments showing positive FDG uptake 

tee preoperatively, the uptake decreased in 14 segments 
(67%) and persisted in the remaining 7 (33%). Improve- 

nt i in perfusion was observed in 11 segments (79%) 
wing decreased FDG uptake postoperatively (Figure 
owing persistent 


TABLE I Correlation of Changes in F-18 Deoxyglucose 
Uptake with Wall Motion Changes in 46 Preoperative 
Asynergy Segments 

Postoperative Wall Motion 


No. of 


FDG Change Segments Improved Unchanged Deteriorated 


FDG(+)—> FDG(—) 13 13 o o 
FDG(+)—FDG(+) 6(1)* 3 3(1) 0 
FDG(—) — FDG(-) 22(5) 70a) 154) 0 
FDG(—)-> FDG) 5 (4) o 1) 4(3) 
Total 46(10) 23(1)  19(6) 4(3) 


* Parentheses denote number of segments supplied with occluded grafts. 
FDG = F-18 deoxyglucose. 


FDG uptake (Figure 4) (p <0.05). Of 30 hypoperfused . 
segments exhibiting negative FDG uptake before sur- 
gery, no uptake persisted in 26 segments (87%) (Table 
I). However, there were 4 segments showing new FDG 
uptake after operation. Three of them (75%) showed 
deteriorated hypoperfusion. Those were the areas asso- 
ciated with perioperative myocardial infarction in 2 pa- 
tients. 

Table II lists the qualitative changes in FDG uptake 
after CABG in the 46 preoperative asynergic segments. 
Of 19 segments showing positive FDG uptake before 
operation, the uptake decreased in 13 segments (68%) 
and persisted in the remaining 6 (32%). An improve- 
ment in wall motion was observed in all the segments 
showing decreased FDG uptake (Figure 3), but in only 
50% of those showing persistent FDG uptake (Figure 4) 
(p <0.01). Of 27 asynergic segments exhibiting nega- 
tive FDG uptake before operation, no uptake persisted 
in 22 segments (81%) (Table II). However, there were 5 
segments showing a new FDG uptake after operation. 
Four of them (80%) revealed deteriorated wall motion 
after surgery. All the segments showing deteriorated 
wall motion abnormality had a new FDG uptake after 
operation. 

The postoperative changes in regional perfusion and 
wall motion were compared with graft patency. Im- 
provement in perfusion was observed in 19 segments 
(46%) supplied with the patent grafts, and also in 2 seg- 
ments (20%) supplied with the occluded grafts (differ- 
ence not significant) (Table I). In contrast, postopera- > 
tive improvement in wall motion was observed in 22 
segments (61%) supplied with the patent grafts, but 
only in 1 segment (10%) supplied with the occluded 
grafts (p <0.01) (Table II), indicating a close relation 
between graft patency and improvement in asynergy. 

The graft was patent in all but 1 segment (95%) 
with increased FDG uptake before operation, but it was 
patent only in 21 segments (70%) with preoperative 
negative FDG uptake (p <0.05) (Table I), indicating 
that metabolically active areas were more likely to 
maintain tissue perfusion after bypass surgery. How- 
ever, 6 of the 7 segments (86%) exhibiting the persistent _ 
positive FDG uptake after operation also were those 
supplied with patent grafts. In contrast, all the segments 
showing a new FDG uptake were those supplied with | 





the occluded d grafts (Table D 





DISCUSSION 

This study demonstrates the importance of metabol- 
ic imaging using PET for predicting response to CABG. 
Hypoperfusion and asynergy in the segments exhibiting 
metabolic activity before operation are expected to im- 
prove after CABG. The postoperative improvement in 
regional function correlated well with the improvement 
in metabolic derangement. Furthermore, the bypass 
grafts supplied to the metabolically active segments on 
the preoperative study are most likely to be patent. 

identification of reversible ischemia: Prediction of 
reversible ischemia is very important during selection of 
patients for CABG. The persistent metabolic activity in 
ischemic areas assessed by PET is expected to be a spe- 
cific indicator of tissue viability.2'! An increase in FDG 
« uptake often was observed in electrocardiographically 
infarcted areas with relatively preserved perfusion and 
wall motion.!5?! However, the dyskinetic segments oc- 
casionally showed increased FDG uptake as well.!*~! 
Therefore, it is important to know whether these meta- 
bolically active areas really represent reversible isch- 
emia, which is likely to improve regional function after 
restoration of blood flow. 

The present study demonstrates that an accurate 
preoperative prediction of reversible asynergy and hypo- 
perfusion can be achieved with PET using FDG. Be- 
cause the segments showing metabolic activity may 
include a substantial amount of viable myocardium, 
they have potential for improvement in regional func- 
tion after CABG. These are consistent with the previous 
observation by Tillisch et al, who described the high 
predictive value of PET for identifying reversible asyn- 
ergy. 

Although reversible perfusion defects with redistri- 
bution on thallium-201 imaging usually represent re- 
versible ischemia, the clinical significance of persistent 
defects without redistribution remains unknown.°* Ac- 
tually, the persistent defects on thallium-201 imaging 
often contain metabolically active myocardium on 
PET. 15.23 

Changes in glucose metabolism: The present study 
showed that persistent FDG uptake was observed 5 to 7 
weeks after CABG in approximately one third of the 
segments even though most grafts were patent. Only 
half of them revealed an improvement in asynergy. In 
contrast, all the segments showing decrease in FDG up- 
take after CABG were associated with an improvement 
in asynergy. Thus, the slow recovery of function in re- 
versible ischemic segments appears to parallel the slow 
recovery of metabolism. These observations were consis- 
tent with the experimental study using PET and FDG 
by Schwaiger et al,'! in which sustained metabolic de- 
rangement after transient ischemia was shown. 

Considerable evidence supports the existence of per- 
sistent functional and metabolic abnormalities after re- 
vascularization. !%1324 This phenomenon has been re- 
ferred to as “stunned myocardium.” *> Functional re- 
covery may be prolonged in those with severe and 
intermittent ischemia, leading to regional depletion of 
glycogen or high energy phosphate stores.!.25 
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Furthermore, there were some segments showing 
new FDG uptake after CABG. Most of them showed 
deteriorated hypoperfusion and asynergy, probably due 
to small perioperative myocardial infarction with oc- - 
cluded bypass grafts. Thus, the follow-up PET using 
FDG may permit valuable assessment of serial changes 
in tissue function and recovery of chronic ischemia after 
CABG. 


N13 AMMONIA 


B POST-OP 


FIGURE 3. A, representative transverse slice of nitrogen-13 
ammonia perfusion (/eff) and fluorine-18 deoxygiucose (FDG) 
(right anya before (top) and after (bottom) bypass surgery 


after surgery. B, end-diastolic (feff) and end-systolic (right 
radionuclide ventriculography images in the left anterior 
oblique (LAO) projection before (top) and after (bottom) by- 


posterolateral region, with a striking Improvement in wall mo- 
operation. 


tion observed after 


863 





Relation to graft patency: The analysis of wall mo- 
tion changes can accurately predict graft patency, but 
the persistent FDG uptake may not be a specific marker 
of graft occlusion. In contrast, new FDG uptake after 
CABG is considered a specific sign of graft occlusion, 
indicating new tissue damage after CABG. 
Interestingly, the segments with no metabolic activi- 
ty before operation are more likely to have occluded 
grafts after surgery than those having metabolic activi- 
ty. In such fibrotic tissue without metabolic activity, re- 
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FIGURE 4. A, representative slice of nitrogen-13 ammonia 
perfusion (Jeff) and FDG (righf) images before (top) and after 
(bottom) bypass surgery in a patient with inferior wall 
myocardial infarction. Note hypoperfusion with increased FDG 
uptake in the posterolateral region before operation and the 
improvement in perfusion but persistent FDG uptake observed 
-after surgery. B, end-diastolic (Jeff) and end-systolic (right) 
redeouctae ventriceloeraphy —— berjes roria ý 
oblique (LAO) projection before (top om) ny- 
“pass surgery in the same patient. Note the hypokinetic wall 

- motion in the posterolateral regions before operation and the 
similar hypokinesia observed postoperatively (arrowheads). 





vascularization may be least beneficial and blood flow 
in the tissue may easily decrease to the preoperative lev- 
el even after successful CABG. In contrast, the ischemic 
segments with persistent metabolic activity require res- 
toration of blood flow and, consequently, the blood flow 
in these areas may be adequately maintained for a long 
time after its restoration. Further study is warranted to 
confirm this preliminary finding. 

Potential limitations: The improvement in regional 
perfusion was not so highly correlated with preoperative 
metabolic activity or graft patency, as compared to the 
improvement in regional wall motion. This might be due 
to the analysis of perfusion at rest in the present study. 
An assessment of perfusion both at rest and during 
exercise after CABG might provide better correla- 


tion,’67 because CABG is associated with an increase ” 


in flow reserve. In addition, we performed qualitative 
analysis of FDG uptake instead of quantitative mea- 
surement of glucose utilization. Furthermore, it is often 
difficult to match the planar radionuclide ventriculog- 
raphy segment with that of PET imaging. This is partic- 
ularly true when the inferior segment is not well delin- 
eated by ventriculography in the standard 2 projections. 
These factors may cause relative heterogeneity of the 
correlation between PET findings and postoperative re- 
sponses. Moreover, the value of long-term follow-up 
study of metabolic imaging after CABG in patients ex- 
hibiting persistent FDG uptake after successful CABG 
remains to be established. 

Clinical implications: Reversible ischemia and asyn- 
ergy after CABG can be accurately predicted by preop- 
erative PET using FDG. The metabolically active seg- 
ments are most likely to show improvement in regional 
asynergy and tissue perfusion after CABG. In addition, 
the grafts supplying these segments are expected to be 
patent. Persistent FDG uptake was occasionally ob- 
served after successful CABG, but those with decreased 
FDG uptake after operation are expected to improve in 
regional hypoperfusion and asynergy. Thus, serial anal- 
ysis of PET using FDG should provide insights into the 
understanding of tissue metabolic alterations that corre- 
late well with improvement in regional function after 
CABG. 


Acknowledgment: We gratefully acknowledge the 
expert technical assistance of Takao Mukai, PhD, Hiro- 
shi Ohtani, MD, and Toru Fujita, RT. We also thank 
Tetsuo Hashimoto, MD, Tetsuro Fudo, MD, Ryuji No- 
hara, MD, and Hirofumi Kambara, MD, for valuable 
suggestions. 


REFERENCES 

1. Matsuzaki M, Gallagher KP, Kemper WS, White F, Ross J Jr. Sustained 
regional dysfunction produced by prolonged coronary stenosis: gradual recovery 
after reperfusion, Circulation 1983;68:170-182. 

2. Brundage BH, Massie BM, Botvinick EH. Improved regional ventricular 
function after successful surgical revascularization. JACC 1984,3:902-908. 

3. Rozanski A, Berman DS, Gray R, Levy R, Raymond M, Maddahi J, Pantaleo 
N, Waxman AD, Swan HJC, Matloff J. Use of thallium-201 redistribution 
scintigraphy in the preoperative differentiation of reversible and nonreversible 
asynergy. Circulation 1981;64:936-944. 


4. Ritchie JL, Naragara KA, Trobaugh GB, Williams. DL, Hamilton GW... 





“and redistribution thallium-201 myocardial scintigraphy to edict ik improvement 
in left-ventricular function after coronary arterial bypass grafting. Am J Cardiol 
1982;51:1312-1316. 

6, Liu P, Kiess MC, Okada RD, Block PC, Strauss HW, Pohost GW, Boucher 

CA. The persistent defect on exercise thallium imaging and its fate after myocar- 

dial revascularization: does it. represent scar or ischemia? Am Heart J 

1985;110:996-~1001. 

7. Tamaki N, Yonekura Y, Senda M, Yamashita K, Koide H, Saji H, Hashimoto 
` T, Fudo T, Kambara H, Kawai C, Konishi J. Value and limitation of stress 

thallium-201 single photo emission computed tomography: comparison with nitro- 

gen-13 ammonia positron tomography. J Nucl Med 1988;29:1181-1188. 

8. Cloninger KG, DePuey EG, Garcia EV, Roubin GS, Robbins WL, Nordy A, 

DePasquale EE, Berger HJ. Incomplete redistribution in delayed thallium-201 
= Single photon emission computed tomographic (SPECT) images: an overestima- 

‘on of myocardial scarring. JACC 1988;12:955-963. 

9. Marshall M, Tillisch JH, Phelps ME, Huang SC, Carson R, Henze E, Schel- 

bert HR. identification and differentiation of resting myocardial ischemia and 

infarction in man with positron computed tomography, '8F-labeled fluorodeoxy- 

glucose and N-13 ammonia, Circulation 1983;67:766-778. 

10. Sochor H, Schwaiger M, Schelbert HR, Huang SC, Ellison D, Hansen H, 

_Selin C, Parodi O, Phelps ME. Relationship between TI-201, Tc-99m (Sn) pyro- 

phosphate-and F-18 2-deoxyglucose uptake in ischemically injured dog myocardi- 
um. Am Heart J 1987,;114:1066-1077. 

11. Schwaiger M, Schelbert HR, Ellison D, Hansen H, Yeatman L, Vinten- 
Johansen J, Selin C, Barrio J, Phelps ME. Sustained regional abnormalities in 
cardiac metabolism after transient ischemia in the chronic dog model. JACC 
1985;6:336-347. 

12. Nixon JV, Brown CN, Smitherman TC. Identification of transient and 
persistent segmental wall motion abnormalities in patients with unstable angina 
by two-dimensional echocardiography. Circulation 1982,65:1497-1503. 

| 43. Knabb RM, Bergmann SR, Fox KAA, Sobel BE. The temporal pattern of 

recovery of myocardial perfusion and metabolism delineated by positron emission 

tomography after coronary thrombolysis. J Nuc! Med 1987;28:1563-1570. 

14. Senda M, Tamaki N, Yonekura Y, Tanada S, Murata K, Hayashi N, Fujita 

T, Konishi J, Torizuka K, Ishimatsu K, Takami K, Tanaka E. Performance 

characteristics of Positologica HI, a whole body positron emission tomograph. J 

Comput Assist Tomogr 1985;9:940-946. 

18. Tamaki N, Yonekura Y, Yamashita K, Senda M, Saji H, Hashimoto T, Fudo 


T, Kambara H, Kawai C, Ban T, Konishi J. Relation of left ventricular perfusion 
and wall motion with metabolic activity in persistent defects on thallium-201 
tomography in healed myocardial infarction. Am J Cardiol 1988;62:202-208. 


16. Yonekura Y, Tamaki N, Kambara H, Senda M, Saji H, Ban.T; Kawai 
Konishi J. Detection of metabolic alteration in ischemic myocardium by F-1! 
fluorodeoxyglucose uptake with positron emission tomography. Am J Cardi 
Imaging 1988;2:1 22-132. : : 
17. Tamaki N, Yonekura Y, Yamashita K, Mukai T, Magata Y, Hashimoto T, : 

Fudo T, Kambara H, Kawai C, Hirata K, Ban T, Konishi J. SPECT thallium-201 
tomography and positron tomography using N-13 ammonia and F-18 fluorode- 
oxyglucose in coronary artery disease. Am J Cardiac Imaging 1989;3:3-9. 00°. 
18. Senda M, Yonekura Y, Tamaki N, Saji H, Koide H, Nohara R, Kambara Hy: 


Konishi J, Ban T, Kambara H, Kawai C, Torizuka K. Interpolating scan and: 


oblique-angle tomograms in myocardial PET using nitrogen-13 ammonia, J Nucl 
Med 1986;27:1830-1836. 

19. Yonekura Y, Tamaki N, Senda M, Nohara R, Kambara H, Konishi Y, Koide 
H, Kureshi SA, Saji H, Ban T, Kawai C, Torizuka K. Detection of corona’ 
artery disease with '7N-ammonia and high resolution positron-emission comput 
tomography. Am Heart J 1987;113:645-654, 

20. Righetti A, Crawford MH, O'Rourke RA, Schelbert H, Daily PD, Ross JJ 
Interventricular septal motion and left ventricular function after coronary bypass 
surgery: evaluation with echocardiography and radionuclide angiography. Am r 
Cardiol 1977;39:37 2-377. 

21. Fudo T, Kambara H, Hashimoto T, Hayashi M, Nohara R, Tamaki. N, 
Yonekura Y, Senda M, Konishi J, Kawai C. F-18 deoxyglucose and stress N-13 
ammonia positron emission tomography in anterior wall healed myocardial in- 
farction. Am J Cardiol 1988;61:1191-1197. 

22. Tillisch J, Brunken R, Marshall R, Schwaiger M, Madelkern M, Phelps M, 
Schelbert H. Reversibility of cardiac wall-motion abnormalities predicted: by 
positron tomography. N Engl J Med 1986;314:884-888. 

23. Brunken R, Schwaiger M, Grover-McKay M, Phelps ME, Tillisch J, Schel- 
bert HR. Positron emission tomography detects tissue metabolic activity in myo- 
cardial segments with persistent thallium perfusion defects. JACC 1987;J0:58 
576. 

24, Manyari DE, Knudtson M, Kloiber R, Roth D. Sequential thallium-20 
myocardial perfusion studies after successful percutaneous transluminal coronary 
artery angioplasty: delayed resolution of exercise-induced scintigraphic abnormal- 
ities. Circulation 1988;77-86-95. 

25. Braunwald E, Kloner RA. The stunned myocardium: prolonged, postischemic 
ventricular dysfunction. Circidation 1982,66:1 146-1149, : 
26. Greenberg BH, Hart R, Botvinick EH, Werner JA, Brundage DM, Shames 
DM, Chatterjee K, Parmley WW. Thallium-201 myocardial perfusion scintigr: 
phy to evaluate patients after coronary bypass surgery. Am J Cardiol 1978; 
42:167-176. 

27. Gibson RS, Watson DD, Taylor GJ, Crosby IK, Wellons HL, Holt ND, 


Beller GA. Prospective assessment of regional myocardial perfusion before and- oe 


after coronary revascularization surgery by quantitative thallium-201 scintigra< =: 
phy. JACC 1983,3:804-815. 








: Effects of High Resistance Traning: in Coronary 
Artery Disease 


Linda E. Crozier Ghilarducci, MA, Robert G. Holly, PhD, and Ezra A. Amsterdam, MD 





Resistive activities for cardiac patients have tradi- 
tionally been discouraged. The purpose of this 
study was to assess the safety and efficacy of a 30 
min/day, 3 day/week, 10-week strength training 
-program in 9 stable, aerobically trained, male car- 
diac patients. The strength training program com- 
prised lifting 80% of maximum voluntary contrac- 
tion at 5 stations: quadriceps extension, bench 
press, standing biceps curl, hamstring curi and mil- 
itary press and performing 80% of the maximum 
number of sit-ups in 1 minute. Maximum voluntary 
-contraction for each lift and body composition via 
body weight, hydrostatic weighing, skinfolds and 
girths were determined before and after training. 
The electrocardiogram was monitored during all 
maximum voluntary contraction lifts and heart rate 
and systolic and diastolic blood pressures were 
monitored during all activities. The only change in 
measures of body composition was an 11% in- 
crease in quadriceps girth (p <0.05). Maximum 
voluntary contraction increased 17, 12, 19, 53 and 
-< 46% for bench press, military press, standing bi- 
ceps curl, quadriceps extension and hamstring curl, 
. respectively (p <0.01), while the number of sit-ups 
performed in 1 minute increased 33% (p <0.05). 
No signs or symptoms of ischemia or abnormal 
-heart rate or blood pressure responses were ob- 
-= served during the strength training program. Thus, 
“resistive training at 80% of maximum voluntary 
contraction appears to be both safe and efficacious 
in stable, aerobically trained cardiac patients. 
(Am J Cardiol 1989;64:866-870) 
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heavy resistive exercise due to the potentially 

deleterious effects of such activity in this group. 
In 1973, Mullins and Blomqvist! documented large in- 
creases in left ventricular end-diastolic pressure and oc- 
currence of complex ventricular arrhythmias with iso- 
metric handgrip exercise. Subsequently, Blomqvist? em- + 
phasized the poor ventricular function in these earlier 
patients and asserted that strength building exercise 
may be beneficial in less impaired patients and proscrip- 
tion of all such activities is not warranted. Recent inves- 
tigations by Butler et al? and Vander et alt in cardiac 
patients have documented the safety of acute circuit 
weight training sessions at 40 to 60% of maximal volun- 
tary contraction. There were no reports of chest pain, 
ST-segment alteration, excessive dyspnea or significant 
ectopy in these studies. Furthermore, left ventricular 
wall motion abnormalities tended to improve with cir- 
cuit weight training activity while they tended to worsen 
with treadmill exercise at 85% of maximum heart rate 
(HR) for 35 minutes.? By all measures, circuit weight 
training appeared to be as safe or safer than treadmill 
or bicycle exercise. 

Recent studies by Sparling et al (unpublished obser- 
vations) and Kelemen et alf showed both the safety and 
efficacy of a circuit weight training program in cardiac 
patients using intensities of 30 to 40% of maximal vol- 
untary contraction. Furthermore, Featherston et al 
demonstrated that HR and blood pressure (BP) re- 
sponses to resistive exercise were similar in coronary pa- 
tients who lifted maximal repetitions at 40, 60, 80 or 
100% of maximal voluntary contraction, and in all 
cases, these responses were lower than during maximal 
treadmill exercise. On the basis of noninvasive measures 
of myocardial oxygen demand and subendocardial per- 
fusion, the myocardial supply/demand ratio was again 
similar at 40, 60, 80 and 100% of maximal voluntary 
contraction. These were all significantly more favorable 
than the supply/demand ratio during maximal tread- 
mill exercise. Because lifting in excess of 60% maximal 
voluntary contraction appears to be safe and because 
cardiac patients may certainly lift at such intensities 
during daily living, we assessed the safety and efficacy 
of an isotonic strength training program at intensities 
>60% of maximal voluntary contraction in stable, aero- 
bically trained, male cardiac patients. 


Cis patients have generally been excluded from 


METHODS 
Subjects: The study group comprised 10 male volun- 
teers with documented coronary artery disease: 7 had a 


history of myocardial infarction, 2 had undergone coro: . 


nary artery bypass ee 1 had stable angina with | 
d >70% ste he ages 


angiographically d 





-of the subjects ranged from 48 to 69 years (mean 57). 
_ All subjects met the following criteria for participation 
¿“in this study: (1) age 70 years or younger; (2) coronary 
«artery disease documented either by clinical history or 
coronary angiography; (3) minimum of 3 months par- 
ticipation in a cardiac rehabilitation program using aer- 
obic training; (4) stable cardiac status; and (5) no coex- 
isting medical conditions that would preclude full par- 
ticipation in the study. Cardiac medications remained 
constant throughout the study in all subjects. One sub- 
ject took no cardiac medications, while 5 were receiving 
6 blockers, 5 were receiving calcium antagonists and 2 
were receiving antiarrhythmics. All procedures were 
demonstrated, their risks and benefits fully explained 
and informed consent obtained before beginning the 
study. The study protocol was approved by the Human 
Subjects Committee of the University. One subject dis- 
continued the protocol because of myocardial infarction 
at 4 weeks. 

Assessments: Strength was measured by weight lift- 
ing and body composition was assessed by skinfolds, hy- 

“drostatic weighing and body girth measurements both 
before and after completion of the 10-week strength 
training period. A screening treadmill exercise tolerance 
test was performed on entry into the study. 

The response of 6 major muscle groups (forearm 
flexors, forearm extensors, pectorals, knee flexors, knee 
extensors and hip flexors) were investigated through 6 
exercises using free weights and a weight bench: stand- 
ing biceps curl, seated military (or shoulder) press, 
bench press (supine), hamstring curl (prone), quadri- 
ceps extension (seated) and horizontal bent-legged sit- 
ups with feet held firmly in place. After explicit instruc- 


tion on the proper and safe technique to perform each 


of these exercises and after preliminary familiarization 
with a particular exercise, the maximal voluntary con- 
traction (1 repetition maximum) for that exercise was 
determined for each subject. The maximal voluntary 
contraction was the maximum weight lifted in 1 to 2 
seconds using proper technique and breathing; thus, it 
was a conservative measure of strength because no 
groaning, struggling or breath-holding was permitted 
during the lifting sessions. For maximal voluntary con- 
traction determination, the initial amount of weight lift- 
ed for each exercise was estimated from our preliminary 
study of cardiac patients performing resistive exercise.® 
To determine maximal voluntary contraction for all lifts 
other than sit-ups, each subject completed the following 
protocol. After stretching, a baseline supine 12-lead 
electrocardiogram was recorded for each subject. To 
warm up for each lift, 5 repetitions were performed 
mimicking that lift with either a 16-pound bar for the 2- 
armed lifts or a 10-pound weight for the 2-legged lifts. 
Each subject then lifted 3 increasing weights 1 time 
each with the last being as close to the maximal volun- 
tary contraction as possible. One minute of rest was giv- 
en between each lift to permit sufficient rest and to al- 
low HR. and BP to return to within 10% of rest values. 
The subject lifted a final time for his maximal voluntary 
- contraction determination. The electrocardiogram was 


tinuously monitored during all maximum voluntary 





contraction lifts. The highest attained (peak) HR was 
recorded at midlift. Peak systolic and diastolic BPs were _ 
recorded by sphygmomanometry at midlift for all lower 
extremity lifts and immediately after maximal volun- 
tary contraction for upper extremity lifts. 

For the sit-up “maximal voluntary contraction,” 
each subject warmed up by performing 5 sit-ups. After 
1 minute rest, the subject then performed as many sit- 
ups as he could in | minute. These sit-ups were modi- 
fied so that with the arms folded across the chest, the. 
subject rose only to 45 degrees of a full sit-up. This ` 
method protects against straining the lower back while 
simultaneously strengthening the abdominal muscles. 


Peak HR was recorded on an electrocardiogram and 


peak systolic and diastolic BPs were measured by | 
sphygmomanometry during the last 10 seconds of the 
maximal voluntary contraction minute. 

Subjects were forewarned and continuously remind- 
ed not to strain but instead to concentrate on breathing — 


continuously, exhaling with each concentric contraction. <- 
Any sign of breath-holding, struggling or straining indi- 


cated that the maximal voluntary contraction was actu- 
ally lower than that trial. In such cases the lift was ter- 

minated immediately, the weight taken from the subject’. 
and the amount reduced for a subsequent trial. In this 


manner, the maximal voluntary contraction for each of 


the 6 exercises was determined. 


Body composition was assessed both by hydrostatic 
weighing and skinfold thickness. Mass in water was. 


measured by hydrostatic weighing.’ Body density was 
corrected for residual lung volume as determined by the 
oxygen dilution technique described by Wilmore.® Body 
composition was calculated from body density by Bro- 
zek’s formula.’ Skinfold thicknesses were measured at 6 
sites by Harpenden calipers. Chest, abdomen and thigh 
skinfolds were used to estimate body density by the for- 
mula of Jackson and Pollock.® 

To assess possible changes in body circumferences, 
girth measurements were made with a nondistensible 
cloth measuring tape both before and after training. 
The following measurements were made as representa- 
tive of circumferential changes: right and left biceps 
brachii (relaxed, while standing), abdomen (over umbi- 
licus, while standing) and right and left mid-quadriceps 
(non-weight bearing while seated and relaxed). Each 
measurement was made 3 times and the mean value 
was used. 

All subjects underwent a maximal treadmill exercise 
test following the protocol described by Dressendorfer 
and Amsterdam.!° Symptom-limited maximal oxygen 
uptake was determined on-line, (Digital Equipment 
Corp., LSI-11/2) as previously described by Harris and 
Holly.'! The electrocardiogram was monitored continu- 
ously and systolic and diastolic BPs were measured each 
minute throughout exercise and recovery. 

After training, all subjects were reassessed for maxi- 
mal voluntary contraction, body composition and body 
girth measurements. as described, at approximately the 
same time of day using the same equipment. __ 

Training program: Subjects met 3 times a week for 
30 minutes of strength training in addition to 30 min- 





‘ABLE! Cardiorespiratory Responses of Nine Patients to 
f Maximat Treadmill Exercise Before Ten Weeks of Isotonic Free 
Weight Training 





Variable 





VO2 max (liters « min=!) 

VO2 max (ml - kg7! - min™?) 

Peak HR (beats « min=!) 

Peak systolic BP (mm Hg) 

Peak diastolic BP (mm Hg) 
Values are mean + 1 standard deviation. 


BP = blood pressure; HR = heart rate; VO2 max = maximal rate of oxygen 
consumption. 


utes of stretching, calisthenics and aerobic activity. The 
weight to be lifted at each station was calculated to be 
80% of the maximal voluntary contraction assessed in 
pretraining measurements. For the sit-up station, the 
subjects performed 80% of the number of sit-ups com- 
pleted in 1 minute during pretraining measurements. 
Subjects were closely monitored by proctors, HR was 
recorded by radial pulse palpation and BP was obtained 
by sphygmomanometry. 

At the beginning of each weight lifting session, each 
subject warmed up by stretching for 10 minutes. After 
stretching and subsequently resting in the sitting posi- 
tion for 5 minutes, the subjects’ HR and systolic and 
diastolic BPs were measured. After the patients as- 
sumed the position required for each exercise, HR and 
BP were measured immediately before lifting, then 30 
seconds and | minute after completing each exercise. 


Subjects were not permitted to proceed to the next exer- 
cise until HR and BP had returned to within 15% of 
baseline. If either the HR or BP was outside the 15% 
range, the subject continued to rest until the reading 
was within this range before progressing in the weight 
lifting circuit. 





% CHANGE IN STRENGTH 


sc QE 
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TABLE Il Indexes of Strength of Nine Patients Before and 
After Ten Weeks of isotonic Free Weight Training 





After 
Training 


Before 


Variable Training 


Bench press (kg) 

Military press (kg) 
Standing biceps curis (kg) 
Quadriceps extension (kg) 
Hamstring curls (kg) 
Sit-ups (reps - min-!) 


Values are mean + 1 standard deviation. 
* p <0.001; t p <0.05. A 


Each subject began at a randomly assigned station 
in the weight lifting circuit, completing a set of 8 to 12 
repetitions of that particular lift. If at any time the sub- 
ject appeared to be straining or struggling or was not 
performing the proper technique, the technician imme- 
diately removed the weight and that exercise was dis- 
continued for the day. Any pain (chest or elsewhere) 
during lifting was recorded and monitored. Further- 
more, no subject was allowed to leave the session until 
HR, systolic BP and diastolic BP were within 10% of 
his entering measurements. This exit value was usually 
obtained 1 minute after the last lift but in no cases more 
than 3 minutes after the last lift. 

All subjects completed the 6-station circuit once dur- 
ing each cardiac rehabilitation session. Increases in the 
weights lifted were individualized and made on the basis 
of a combination of the subject’s perceptions, technician 
observation and successful completion of 12 repetitions 
without straining. 

Statistics: Data are presented as mean + standard 
deviation. Statistical analyses were performed using the 
Biomedical Computer Program BMDP2V for analysis 
of variance with repeated measures.!? The probability 
level of p <0.05 was chosen for determining statistical 
significance. 


RESULTS 

The 10 subjects were asked to attend 3 training ses- 
sions/week for 10 weeks. They completed a mean of 24 
(range 17 to 28) of a possible 30 sessions (81% compli- 
ance). Only 9 subjects were included in the final statisti- 
cal analysis; 1 subject discontinued the program in week 
4 due to a myocardial infarction (see Discussion). 

Table I lists cardiorespiratory variables during maxi- 
mal treadmill exercise before the training period. The 
effects of 10 weeks of isotonic free weight training on 
indexes of strength are presented in Figure I and Table 
II. The maximal voluntary contractions for bench press, 
military press, standing biceps curl, quadriceps exten- 
sion and hamstring curl increased by 17, 12, 19, 53 and 
46%, respectively (p <0.05). The number of sit-ups in 1 
minute increased 33% (p <0.001). 

Indexes of body composition are listed in Table HI. 
All body composition measurements remained un- 
changed except the left and right-quadriceps, which in- 
creased 9 and 12% (p <0.05), respectively. 

Resting ; systolic BP and diastoli c BP 





TABLE! iW Comparison of Body Composition Measurements 
for. Nine Patients 


Before 
Training 


After 
Training 

BFhw (%) 

BF se (%) 

BW (kg) 

Abdomen (cm) 

Left biceps (cm) 

Right biceps (cm) 

Left quadriceps (cm) 

Right quadriceps (cm) 
Values are mean + 1 standard deviation. 
* p <0,05. 


wy itt (%) = body fat percent by hydrostatic weighing; BFsr (%) = body fat percent 
by skinfolds; BW = body weight. 


75 beats/min and 130/80 vs 130/78 mm Hg, respec- 
tively). Table IV lists the cardiovascular responses of 
peak HR, systolic BP and diastolic BP for each exercise 
during the maximal voluntary contraction lifts per- 
formed before and after training. HR during standing 
biceps curl, quadriceps extension and sit-ups increased 
by 8, 9 and 21% after training, respectively (p <0.05). 
Throughout all maximal voluntary contraction lifts, in- 
dividual systolic and diastolic BP never exceeded 220 
and 110 mm Hg, respectively, and peak HR never ex- 
ceeded 140 beats/min. 

No ischemic ST-segment changes or arrhythmias 
were observed during maximal voluntary contraction 
testing and no symptoms of ischemia or abnormal HR 
or BP responses were observed during daily training ses- 
sions. 


DISCUSSION 

We assessed the safety and efficacy of a high inten- 
sity strength training program in cardiac patients un- 
dergoing cardiac rehabilitation. The program was effec- 
tive in promoting marked improvements in muscular 
strength (Figure 1 and Table II). The 6 exercises cho- 
sen involve large muscle groups and were designed to 
augment strength for everyday activities. By increasing 
muscular strength as well as cardiovascular fitness, pa- 
tients should be able to return sooner and more safely to 
vocational and leisure activities. The strength gains not- 
ed in our subjects were generally greater than or equal 
to those reported in other studies (including Sparling et 
al, unpublished observations) in cardiac patients.4° This 
finding is to be expected because the training intensity 
we used was 80% maximal voluntary contraction com- 
pared to the 30 to 50% maximal voluntary contraction 
in previous studies. For example, the average increase in 
individual strength gains in maximal voluntary contrac- 
tion was 30% in 10 weeks in our study compared to 22% 
in 26 weeks, and 24% in 10 weeks (Sparling et al). 

Pretraining upper body strength generally exceeded 
lower body strength in our subjects (Table II). While 
we have no explanation for this phenomenon, it is inter- 
“esting to note that Kelemen et al’ but not Sparling et al 
-- obtained similar results. Further, in both our study and 
2 _Kelemen’s study the greatest increase in strength oc- 
curred i in the legs, suggesting that typical cardiov 


TABLE IV Comparison of Hemodynamic Indexes for Nine | 
Patients During Maximum Voluntary Contraction Lifts and Sit- - 
ups, Before and After Training 


After 
Training 


Before 


Variable Training 


Bench press HR 
Bench press systolic BP 
Bench press diastolic BP 
Military press HR 
Military press systolic BP 
Military press diastolic BP 
Standing curls HR 
Standing curls systolic BP 
Standing curls diastolic BP 
Quadriceps HR 
Quadriceps systolic BP 
Quadriceps diastolic BP 
Hamstrings HR 
Hamstrings systolic BP 
Hamstrings diastolic BP 
Sit-ups HR 
Sit-ups systolic BP 
Sit-ups diastolic BP 

Values are mean + 1 standard deviation. 


* p <0.05. 
BP = blood pressure (mm Hg): HR = heart rate (beats - min7!). 


hance leg strength. Finally, it should be appreciated 
that while our program is a high intensity muscle train- 
ing program, it is definitely not high intensity relative to. - 
the cardiovascular system. For example, our subjects — 
exercised from 45 to 64% of maximal treadmill HR; the 


subjects of Kelemen et al° exercised at 85% maximal __ 


HR throughout their circuit weight training sessions. 
Although some circuit weight training programs in _ 
normal subjects have demonstrated decreases in fat 
mass and percent of body fat,!3 we observed no signifi- 
cant changes in these variables in these cardiac patients 
(Table III). Because all of our subjects had participated 
in individualized aerobic conditioning programs for at 
least 3 months, any significant changes in body compo- 
sition may have already taken place.'4 In our body cìr- 
cumference measurements, the only significant changes 
observed were increased girths in both quadriceps in the 


relaxed position. This finding might be related to the 


additional aerobic portion of the subjects’ training pro- 
gram, which was almost solely accomplished by walk- 
ing, jogging, biking, basketball or badminton—all pre- - 
dominantly leg exercise. Thus, the lower extremity mus- 
cle groups underwent more training than other large 
muscle groups, possibly causing the increase in quadri- 
ceps circumferences. 

Among the adaptations that occur with endurance 
training are decreases in resting HR,!516 diastolic 
BP*!° and systolic BP.!6 Although it has previously 
been shown that resting HR decreased after static exer- 
cise training, resting BP showed no change.!5 Our re- 


sults show no significant changes in resting measure- 


ments of HR and BP in these aerobically trained indi- 
viduals, !4 

Table IV compares HR, systolic BP and diastolic BP 
obtained. during the maximum ene contraction 


-sessions for all lifts proma 











in HR were seen during quadriceps extension (9%), _ 


-standing biceps curl (8%) and sit-ups (21%). The quad- 
riceps extension and standing biceps curl HR increases 
were small (72 to 78 and 81 to 87 beats/min, respec- 
tively) and are probably attributable to the greater 
weights lifted after training. The 21% increase in the 
HR during sit-ups may be due to the greater number of 
sit-ups completed in 1 minute after training relative to 
before training. The modest levels of HR and BP 
reached by these subjects are not comparable to the 
striking elevations seen in experienced body builders 
performing maximal lifts to muscle failure.” 

No subject showed ischemic ST-segment abnormali- 
ties or angina pectoris during maximum voluntary con- 
traction testing. It has been well documented!® that dur- 
ing isometric exercise the increase in HR-systolic BP 
product, an approximate index of myocardial oxygen re- 
quirements,!? could induce myocardial ischemia. How- 
ever, it has been suggested that because diastolic BP 
increases in isometric and isotonic exercise, this might 
increase coronary perfusion pressure, improve blood 
flow in stenotic areas and prevent or reduce the develop- 
ment of myocardial ischemia.*!8 Conversely, left ven- 
tricular end-diastolic pressure increases with isometric 
exercise, which would decrease coronary perfusion; 
thus, the effect of the determinants of coronary blood 
flow is not fully predictable.2° However, in dynamic ex- 
ercise, such as treadmill activity, diastolic BP generally 
changes little, so any protective effect of increased coro- 
nary perfusion pressure would not be present.®!8 

Although a higher incidence of arrhythmias has 
been reported with isometric exercise than with dynam- 
ic exercise?! we found no evidence of arrhythmias 
throughout our study. The reasons for the higher inci- 
dence of arrhythmias during isometric exercise in some 
studies is not clear, but may well be related to poor ven- 
tricular function in some patients.! 

One subject dropped out of the study after 4 weeks 
due to a reinfarction about 1.5 hours after strength 
training. While his reinfarction is temporarily related to 
this study, we feel it is not causally related. He had a 
high maximal oxygen consumption (34.8 ml - kg™! - 
min`!) and all exercise data collected were within nor- 
mal limits. After his initial infarction 10 months previ- 
ously, he underwent successful angioplasty. Although he 
regularly attended cardiac rehabilitation, he continued 
to smoke | to 1.5 packs of cigarettes/day and remained 
under high stress at work. Finally, immediately after 
strength training he engaged in a noncompetitive, super- 
vised basektball game for high level, stable patients who 
monitor and report their own training HRs. He later 
disclosed that he knowingly underreported his HR so as 
not to slow down play. About | hour after this game, he 
reinfarcted and later received intravenous streptokinase. 
Infarction was uncomplicated and elective repeat coro- 
nary angioplasty was performed. While we cannot ex- 
clude strength training as a cause of reinfarction in this 

„patient, we feel it was more likely due to his continued 
risk-assumptive behavior because reinfarction is more 

likely in those who knowingly exceed their training 


HR” and who continue to smoke.”? Furthermore, reste- 
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nosis is known to occur within 6 to 12 months of angio- 
plasty in approximately 30% of cases.*4 

We recognize that our subjects comprise a selected 
group of patients. All subjects were clinically stable, 
were concurrently engaged in a program of regular aer- 
obic exercise and had high functional capacities. During 
exercise, none had evidence of ischemia or abnormal 
blood pressure changes. The extent to which these re- 
sults can be extrapolated to other populations of cardiac 
patients remains to be investigated. 
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The clinical significance of pharmacodynamic differences among 
ACE inhibitors observed in normal volunteers has not been determined in 
hypertensive patients. 
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INDICATIONS AND USAGE. ZESTRIL is indicated for the treatment of hypertension. it may be used alone as initial 
therapy or concomitantly with other classes of antihypertensive agents. In using ZESTRIL, consideration shouid be 
given to the fact that another angiotensin converting enzyme inhibitor, captopril, has caused agranulocytosis, particularly 
in patients with renal impairment or collagen vascular disease, and that available data are insufficient to show that 
ZESTRIL does not have a similar risk. (See WARNINGS.) CONTRAINDICATIONS. ZESTRIL is contraindicated in patients 
who are hypersensitive to this product and in patients with a history of angioedema related to previous treatment with 
an angiotensin converting enzyme inhibitor. WARNINGS. Angioedema: Angicedema of the face, extremities, lips, tongue. 
lottis and/or larynx has been reported in patients treated with angiotensin converting enzyme inhibitors, including 
JEST RIL. in such cases, ZESTRIL should be promptly discontinued. and the patient carefully observed untii the swelling 
disappears. in instances where swelling has been confined to the face and lips the condition has generally resolved 
without treatment, although antihistamines have been useful in relieving symptoms. Angicedema associated with 
laryngeal edema may be fatai. Where there is involvement of the tongue, glottis or larynx, likely to cause airway 
obstruction, appropriate therapy, eg, subcutaneous epinephrine solution 1:1000 (0.3 mL to 0.5 mL) should be promptly 
administered, (See ADVERSE REACTIONS.) Hypotension: Excessive hypotension was rarely seen in uncomplicated 
hypertensive patients but is a possible consequence of use with ZESTRIL in salt/volume-depleted persons. such as 
those treated vigorously with diuretics or patients on dialysis. (See PRECAUTIONS, Drug interactions and ADVERSE 
REACTIONS.) in patients with severe congestive heart failure, with or without associated renal insufficiency, excessive 
hypotension has been observed and may be associated with oliguria and/or progressive azotemia, and rarely with 
acute renal failure and/or death. Because of the potential fal! in blood pressure in these patients, therapy should be 
started under very close medical supervision. Such patients shouid be followed closely for the first two weeks of treatment 
and whenever the dose of ZESTRIL and/or diuretic is increased. Similar considerations apply to patients with ischemic 
heart or cerebrovascular disease in whom an excessive fall in blood pressure could result in a myocardial infarction 
or cerebrovascular accident. if hypotension occurs, the patient should be placed in supine position and, if necessary. 
receive an intravenous infusion of normal saline. A transient hypotensive response is not a contraindication to further 
doses which usually can be given without difficulty once the blood pressure has increased after volume expansion 
Neutropenia/Agranulocytosis: Another angiotensin converting enzyme inhibitor, captopril, has been shown to cause 
agranulocytosis and bone marrow depression, rarely in uncomplicated patients but more frequently in patients with 
renal impairment especially if they also have a collagen vascutar disease. Available data from clinical trials of ZESTRIL 
are insufficient to show that ZESTRIL does not cause agranulocytosis at similar rates, Periodic monitoring of white 
blood cell counts in patients with collagen vascular disease and renal disease should be considered. PRECAUTIONS. 
General. impaired Renal Function: As a consequence of inhibiting the renin-angiotensin-aldosterone system, changes 
in renal function may be anticipated in susceptible individuals. In patients with severe congestive heart failure whose 
renal function may depend on the activity of the renin-angiotensin-aldosterone system, treatment with angiotensin 
converting enzyme inhibitors. including ZESTRIL, may be associated with oliguria and/or progressive azotemia and 
rarely with acute renal failure and/or death. In hypertensive patients with unilateral or bilateral renal artery stenosis, 
increases in blood urea nitrogen and serum creatinine may occur. Experience with another angiotensin converting 
enzyme inhibitor suggests that these increases are usually reversible upon discontinuation of ZE: RIL and/or diuretic 
therapy. in such patients, renal function should be monitored during the first few weeks of therapy. Some hypertensive 
patients with no apparent pre-existing renal vascular disease have developed increases in blood urea nitrogen and 
serum creatinine, usually minor and transient, especially when ZESTRIL has been given concomitantly with a diuretic. 
This is more likely to occur in patients with pre-existing renal impairment, Dosage reduction of ZESTRIL and/or discon- 
tinuation of the diuretic may be required. Evaluation of the hypertensive patient should always include assessment 
of renal function. (See DOSAGE AND ADMINISTRATION.) Hyperkalemia: In clinical trials hyperkalemia (serum potassium 
greater than 5.7 mEq/L) occurred in approximately 2.2% of hypertensive patients and 4.0% of patients with congestive 
heart failure. In most cases these were isolated values which resolved despite continued therapy. Hyperkalemia was 
a cause of discontinuation of therapy in approximately 0.1% of hypertensive patients. Risk factors for the development 
of hyperkalemia include rena! insufficiency, diabetes mellitus, and the concomitant use of potassium-sparing diuretics, 
potassium supplements and/or potassium-containing sait substitutes, which should be used cautiously, if at all, with 
ZESTRIL. (See Drug interactions.) Surgenyihnestiese: in patients undergoing major surgery or during anesthesia 
with agents that produce hypotension, ZESTRIL may block angiotensin Hl formation secondary to compensatory renin 
release. if hypotension occurs and is considered to be due to this mechanism, it can be corrected by volume expansion. 
information for Patients. Angioedema: Angioedema. including laryngeal edema, may occur especially following the 
first dose of ZESTRIL. Patients should be so advised and toid to report immediately any signs or symptoms suggesting 
angioedema (swelling of face, extremities, eyes, lips. tongue. difficulty in swallowing or breathing) and to take no more 
drug until they have consulted with the prescribing physician. Symptomatic Hypotension: Patients should be cautioned 
to report lightheadedness especially during the first few days of therapy. If actual syncope occurs, the patient should 
be told to discontinue the drug until they have consulted with the prescribing physician. Ali patients should be cautioned 
that excessive perspiration and dehydration may lead to an excessive fall in blood pressure because of reduction in 
{uid volume, Other causes of volume depletion such as vomiting or diarrhea may also lead to a fail in blood pressure: 
patients should be advised to consult with their physician. Hyperkalemia: Patients shouid be told not to use salt sub- 
stitutes containing potassium without consulting their physician. Neutropenia: Patients should be told to report promptly 
any indication of infection (eg, sore throat, fever) which may be a sign of neutropenia. NOTE: As with many other drugs, 
certain advice to patients being treated with ZESTRIL is warranted. This information is intended to aid in the safe and 
effective use of this medication. itis not a disclosure of all possible adverse or intended effects. DRUG INTERACT 
Hypotension — Patients on Diuretic Therapy: Patients on diuretics and especially those in whom diuretic therapy was 
recently instituted, may occasionally experience an excessive reduction of blood pressure after initiation of therapy 
with ZESTRIL. The possibility of hypotensive effects with ZESTRIL can be minimized by either discontinuing the diuretic 
or increasing the salt intake prior to initiation of treatment with ZESTRIL. H it is necessary to continue the diuretic. 
initiate therapy with ZESTRIL at a dose of 5 mg daily, and provide close medical supervision after the initial dose for 
at least two hours and untii blood pressure has stabilized for at east an additional hour (See WARNINGS, and DOSAGE 
AND ADMINISTRATION.) When a diuretic is added to the therapy of a patient receiving ZESTRIL. an additional antinyper- 
tensive effect is usually observed. Studies with ACE inhibitors in combination with diuretics indicate that the dose 
of the ACE inhibitor can be reduced when it is given with a diuretic. (See DOSAGE AND ADMINISTRATION.) Indomethacin: 
in a study in 36 patients with mild to moderate hypertension where the antihypertensive effects of ZESTRIL alone were 
compared to ZESTRIL given concomitantly with indomethacin, the use of indomethacin was associated with a reduced 
effect, although the difference between the two regimens was not significant. Other Agents: ZESTRIL has been used 
concomitantly with nitrates and/or digoxin without evidence of clinically significant adverse interactions. No clinically 
important pharmacokinetic interactions occurred when ZESTRIL was used concomitantly with propranolo! or hydro- 
chiorothiazide. The presence of food in the stomach does not alter the bioavailability of ZESTRIL. Agents Increasing 
Serum Potassium: ZESTRIL attenuates potassium toss caused by thiazide-type diuretics. Use of ZESTRIL with potassium- 
sparing diuretics (eg. spironolactone. triamterene or amiloride), potassium supplements, or potassium-containing salt 
substitutes may lead to significant increases in serum potassium. Therefore, if concomitant use of these agents is indi- 
cated because of demonstrated hypokalemia, they should be used with caution and with frequent monitoring of serum 
potassium. Lithium: Lithium toxicity has been reported in patients receiving lithium with drugs which cause elimination 
of sodium, including ACE inhibitors. Lithium toxicity was usually reversible upon discontinuation of both drugs. it is 
recommended that serum lithium levels be monitored frequently if ZESTRIL is administered concomitantly with lithium, 
Carcinogenesis, Mutagenesis, impairment of Fertility. There was no evidence of a tumorigenic effect when lisinopril 
was administered for 105 weeks to male and female rats at doses up to 90 mg/kg/day (about 56 times” the maximum 
recommended daily human dose) or when lisinopril was administered for 92 weeks to (male and female) mice at doses 
up to 135 mg/kg/day (about 84 times” the maximum recommended daily human dose}. “Based on patient weight 
af 50 kg. Lisinopril was not mutagenic in the Ames microbial mutagen test with or without metabolic activation. It 
was also negative in a forward mutation assay using Chinese hamster lung cells. Lisinogril did not produce single strand 
DNA breaks in an in vitro alkaline elution rat hepatocyte assay. In addition, lisinopri did not produce increases in 
chromosomal aberrations in an in vitro test in Chinese hamster ovary cells or in an in vivo study in mouse bone mar- 
row. There were no adverse effects on reproductive performance in male and female rats treated with up to 300 mg/kg/day 
of lisinopril. Pregnancy. Pregnancy Category C: Lisinopri! was not teratogenic in mice treated on days 6-15 of gestation 
with up te 1,000 mg/kg/day (625 times the maximum recommended human dose). There was an increase in feta! 
resorptions at doses down to 100 mg/kg; at doses of 1,000 mg/kg this was prevented by saline supplementation. There 
was no fetotoxicity or teratogenicity in rats treated with up to 300 mg/kg/day (188 times the maximum recommended 
dose) of lisinopril at days 6-17 of gestation. In rats receiving lisinopril from day 15 of gestation through day 21 post- 
partum, there was an increased incidence in pup deaths on days 2-7 postpartum and a lower average body weight 
of pups on day 21 postpartum. The increase in pup deaths and decrease in pup weight did not occur with maternal 
saline supplementation, Lisinoprii, at doses up to 1 mg/kg/day. was not teratogenic when given throughout the organ- 
ogenic period in saline supplemented rabbits. Saline supplementation (physiologic saline in place of tap water) was 
used to eliminate maternotoxic effects and enable evaluation of the teratogenic potential at the highest possible dosage 
level. The rabbit has bean shown to be extremely sensitive to angiotensin converting enzyme inhibitors (captopril and 
enalapril) with maternal and fetotoxic effects apparent at or below the recommended therapeutic dosage levels in man 
Fetotoxicity was demonstrated in rabbits by an increased incidence of fetal resorptions at an oral dose of lisinopril 
of 1 mg/kg/day and by an increased incidence of incompiete ossification at the lowest dose tested (0.1 mg/kg/day) 
A single intravenous dose of 15 mg/kg of lisinopril administered to pregnant rabbits on gestation days 16, 21 or 26 
resulted in 88% to 100% fetal death. By whole body autoradiography, radioactivity was found in the pfacenta following 
administration of labeled tisinoprit to pregnant rats, but none was found in the fetuses. Human Experience: There 
are no adequate and well-controlied studies of lisinopril in pregnant women. However, data are available that show drugs 
of this class cross the human placenta. Because the risk of fetal toxicity with the use the ACE inhibitors has not been 
Cigarly detined (see below), lisinopri! should be used during pregnancy only if the potential benefit justifies the potential 
risk to the fetus. Postmarketing experience with all ACE inhibitors thus far suggests the following with regard to pregnancy 
outcome. Inadvertent exposure limited to the first trimester of pregnancy has not been reported to affect fetal outcome 
adversely Fetal exposure during the second and third trimesters of pregnancy has been associated with fetal and neonata! 
morbidity and mortality. When ACE inhibitors are used during the later stages of pregnancy. there have been reports 
at hypotension and decreased renal perfusion in the newborn. Oligohydramnios in the mother has also been reported. 
presumatty representing decreased renal function in the fetus. infants exposed in utero to ACE inhibitors should be 
closely observed for hypotension. oliguria and hyperkalemia. If oliguria occurs. attention should be directed toward 





support of blood pressure and renal perfusion with the administration of fluids and pressores as appropriate. Problems 
associated with prematurity such as patent ductus arteriosus have occurred in association with maternal use of ACE 
inhibitors, but itis not clear whether they are related to ACE inhibition, maternal hypertension or the underlying prematurity, 
Another ACE inhibitor, enalapril, has been removed from the neonatal circulation by peritoneal dialysis anc theoretically 
may be removed by exchange transfusion, although there is no experience with the latter procedure. There is no experience 
with either of these procedures for removing lisinopril or other ACE inhibitors from the neonatal circulation. Nursing 
Mothers: Milk of lactating rats contains radioactivity following administration of "C fisinopril. it is not known whether 
this drug is excreted in human milk. Because many drugs are excreted in human milk, caution should be exercised 
when ZESTRIL is given to a nursing mother. Pediatric Use: Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS. ZESTRIL has been found to be generally well tolerated in controlled clinical trials involving 
2003 patients and subjects, The most frequent clinica! adverse experiences in controlled trials with ZESTRIL were dizzi- 
ness (6.3%). headache (5.3%). fatigue (3.3%), diarrhea (3.2%), upper respiratory symptoms (3.0%), and cough (2.9%), 
ali of which were more frequent than in placebo-treated patients, For the most part. adverse experiences were mild 
ard transient in nature. Discontinuation of therapy was required in 6.0% of patients. in clinical trials, the overall frequency 
of adverse experiences could not be related to total daily dosage within the recommended therapeutic dosage range. 
Fer adverse experiences which occurred in more than 1% of patients and subjects treated with ZESTRIL or ZESTRIL plus 
hydrochlorothiazide in controlied clinical trials. comparative incidence data are listed in the table below. 


Percent of Patients in Controlled Studies 
ZESTRIL ZESTRIL /Hydrochicrothiazide 
{n = 20031) n = 644) 
Incidence 
{discontinuation} 





Placebo 
Incidence p = 207) 
(discontinuation) 





Dizziness 
Headache 

Fatigue 

Diarrhea 

Upper Respiratory Symptoms 
Cough 

Nausea 
Hypotension 

Rash 

Orthostatic Effects 
Asthenia 

Chest Pain 
Vomiting 

Dyspnea 
Dyspepsia 
Paresthesia 
impotence 

Muscle Cramps 
Back Pain 

Nasal Congestion 
Decreased Libido 
Vertigo ( 


tincludes 420 patients treated for congestive heart failure who were receiving concomitant digitalis and/or diuretic therapy. 


Ciinical adverse experiences occurring in 0.3% to 1.0% of patients in the controlled trials and rarer, serious, possibly 
drug related events reported in uncontrolled studies or marketing experience included: BODY AS A WHOLE: Chest dis- 
comfort. fever, flushing. CARDIOVASCULAR: Angina pectoris, orthostatic hypotension, rhythm disturbances, tachy- 
cardia, peripheral edema, palpitation. DIGESTIVE: Abdominal pain, anorexia, constipation, flatulence. METABOLISM: 
Gout. MUSCULOSKELETAL: Joint pain, shoulder pain. NERVOUS SYSTEM/PSYCHIATRIC: Depression, somnolence, 
insomnia, stroke. RESPIRATORY SYSTEM: Bronchitis. sinusitis, pharyngeal pain. UROGENITAL: Ofiguria, progressive 
azotemia. acute rena! failure. OTHER: Blurred vision. pruritus, urinary tract infection, vasculitis of the legs. ANGIGEDEMA: 
Angioedema has been reported in patients receiving ZESTRIL (0.1%). Angicedema associated with laryngeal edema 
may be fatal. If angioedema of the face. extremities. lips, tongue, glottis and/or larynx occurs, treatment with ZESTRIL 
should be discontinued and appropriate therapy instituted immediately. (See WARNINGS.) HYPOTENSION: in hyper- 
tensive patients, hypotension occurred in 1.25% and syncope occurred in 0.1% of patients. Hypotension ar syncope 
was a cause of discontinuation of therapy in 0.5% of hypertensive patients. (See WARNINGS. } In patients with congestive 
heart failure, hypotension occurred in 5.0% and syncope occurred in 1.0% of patients. These adverse experiences 
were causes for discontinuation of therapy in 1.3% of these patients. Clinieal Laboratory Test Findings. Serum Electro- 
lytes: Hyperkalemia. (See PRECAUTIONS.) Creatinine, Blood Urea Nitrogen: Minor increases in blood urea nitrogen 
and serum creatinine, reversible upon discontinuation of therapy, were observed in about 2.0% of patients with essential 
hypertension treated with ZESTRIL alone. Increases were more common in patients receiving concomitant diuretics 
and in patients with renai artery stenosis. (See PRECAUTIONS. } Reversible minor increases in blood urea nitrogen and 
serum creatinine were observed in approximately 9.1% of patients with congestive heart failure on concomitant diuretic 
therapy. Frequently, these abnormalities resolved when the dosage of the diuretic was decreased. Hemoglobin and 
Hematocrit: Smal! decreases in hemoglobin and hematocrit (mean decreases of approximately 0.4 g% and 1.3 vol%, 
respectively) occurred frequently in patients treated with ZESTRIL but were rarely of clinical importance in patients 
without some other cause of anemia. in clinical trials, less than 0.1% of patients discontinued therapy due to anemia. 
Other (Causal Relationship Unknown): Rarely, elevations of liver enzymes and/or serum bilirubin have occurred. Over- 
all, 2.0% of patients discontinued therapy due to laboratory adverse experiences, principally elevations in blood urea 
nitrogen (0.6%), serum creatinine (0.5%), and serum potassium (0.4%). OVERDOSAGE. The oral LDso of lisinopril 
is greater than 20 g/kg in mice and rats. The most likely manifestation of overdosage would be hypotension, for which 
the usual treatment would be intravenous infusion of normal saline solution. Lisinopril can be removed by hemodialysis. 
DOSAGE AND ADMINISTRATION. initial Therapy: in patients with uncomplicated essential hypertension not on diuretic 
therapy, the recommended initial dose is 10 mg once a day. Dosage should be adjusted according to blood pressure 
response. The usual dosage range is 20-40 mg per day administered in a single daily dose. The antihypertensive effect 
may diminish toward the end of the dosing interval regardless of the administered dose, but most commonly with a 
dase of 10 mg daily. This can be evaluated by measuring blood pressure just prior to dosing to determine whether 
satisfactory control is being maintained for 24 hours. If it is not, an increase in dose should be considered. Doses up to 
89 mg have been used but do not appear to give greater effect. if blood pressure is not controlled with ZESTRIL alone, a 
low dose of a diuretic may be added. Hydrochiorothiazide, 12.5 mg has been shown to provide an additive effect, After 
the addition of a diuretic, it may be possible to reduce the dose of ZESTRIL. Diuretic Treated Patients: In hypertensive 
patients wno are currently being treated with a diuretic, symptomatic hypotension may occur occasionally following the ~. 
initial dose of ZESTRIL. The diuretic should be discontinued, if possible, for two to three days before beginning therapy 
with ZESTRIL to reduce the likelihood of hypotension. (See WARNINGS.) The dosage of ZESTRIL should be adjusted 
according to blood pressure response. if the patient's blood pressure is not controlled with ZESTRIL alone, diuretic 
therapy may be resumed as described above. |f the diuretic cannot be discontinued, an initial dose of 5 mg should be 
used under medical supervision for at least two hours and until blood pressure has stabilized for at least an additional 
hour. (See WARNINGS and PRECAUTIONS, Drug interactions.) Concomitant administration of ZESTRIL with potassium 
supplements, potassium salt substitutes, or potassium-sparing diuretics may lead to increases of serum potassium. 
{See PRECAUTIONS.) Use in Elderly: in general, blood pressure response and adverse experiences were similar in 
younger and older patients given similar doses of ZESTRIL. Pharmacokinetic studies, however, indicate that maximum 
biood levels and area under the plasma concentration time curve (AUC) are doubled in older patients so that dosage ad- 
justments should be made with particular caution. Dosage Adjustment in Renal Impairment: The usual dose of ZESTRIL 
(40 mg} is recommended for patients with creatinine clearance > 30 mL/min (serum creatinine of up to approximately 
3 mg/dL). For patients with creatinine clearance = 10 mL/min < 30 mL/min (serum creatinine = 3 mg/dL), the first 
dose is 5 mg once daily. For patients with creatinine clearance < 10 mL/min {usually on hemodialysis) the recommended 
initial dose is 2.5 mg. The dosage may be titrated upward until blood pressure is controlted or to a maximum of 40 mg daily. 
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Creatinine Clearance mL/min 


initial Dose mg/day 





Normal Renal Function to Mild impairment >30 10 
Moderate to Severe impairment 210 <30 5 
Dialysis Patients <10 2.54 





‘Dosage or dosing interval shouid be adjusted depending on the blood pressure response. 
Stuart Pharmaceuticals, A business unit of ICI Americas Inc., Wilmington, DE 19897 USA Rev J 4/89 
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Quantitative Comparison of Thallium-201 
Scintigraphy After Exercise and Dipyridamole in 
Coronary Artery Disease 


Shalendra Kumar Varma, MD, Denny D. Watson, PhD, and George A. Beller, MD 


Data comparing myocardial thallium-201 imaging 
after exercise and intravenous dipyridamole intu- 
sion in the same patients are scarce. Accordingly, 
this study is a segment-by-segment quantitative 
analysis of regional uptake and washout of thalli- 
um-201 after dipyridamole (0.56 mg/kg) and 
symptom-limited exercise testing in 21 patients 
(ages 58 + 9.2 years) with chest pain studied 2.5 + 
1.0 weeks apart. Thallium-201 activity in 9 myo- 
cardial segments was measured in initial and de- 
layed anterior and 45° left anterior oblique views, 
producing 184 pairs of segments in the distribution 
of 63 coronary supply regions for direct compari- 
son. The number of segments with normal thallium- 
201 uptake and the number of numerically signifi- 
cant defects were similar with exercise and dipyrid- 
amole (76 vs 73%, 24 vs 27%, respectively, 
difference not significant). A slightly higher propor- 
tion of redistribution defects was found after dipy- 
ridamole infusion compared to exercise (17 vs 
10%, p <0.05). Agreement between 87% (165 of 
189) of segment pairs was found when each was 
classified as either normal or abnormal. Although 
24 of 189 segments were discordant, agreement 
was observed in 92% (61 of 63) of coronary supply 
regions determined to be normal (41 of 41) or ab- 

_ normal (20 of 22). In 15 patients who underwent 

`= cardiac catheterization, exercise and dipyridamole- 
thallium-201 scintigraphy detected 61% (16 of 26) 
ws 61% (16 of 26) of stenoses >50% (difference 


not significant) and 100% (19 of 19) vs 100% (19 


of 19) (difference not significant) normal vessels, 
respectively. These data indicate that exercise and 
> dipyridamole-thallium-201 imaging in the same pa- 
tients are comparable in detecting and localizing 
“normal or abnormal scan segments. 
(Am J Cardiol 1989;64:871-877) 
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ed as an alternative to physical exercise for.myocar- 


[ess infusion of dipyridamole has been suggest- 


dial perfusion imaging with thallium-201.'-3 It has _ 
been reported that the sensitivity and specificity of dipy 
ridamole-thallium-201 imaging for coronary artery dis 
ease detection is comparable or even superior to the sén- 
sitivity of thallium-201 scintigraphy after exercise.* 
However, a direct comparison of segmental thallium 
uptake and washout after exercise and intravenous dipy- 
ridamole in the same patients who have no limitation to 
exercise testing has not been reported. Since both exer- 
cise and dipyridamole induce heterogeneity in blood 
flow at the time of tracer administration, we hypothe- 
sized that the pattern of thallium-201 uptake on the ini- 
tial images should be similar.>-° Accordingly, we under- 
took this study to systemically compare the similarities 
and differences in uptake and washout of thallium- 
in consecutive patients who rendered informed con 
to undergo both procedures. None had any apparent = 
limitations to performing an exercise test. = 


21 patients who were referred for diagnostic evaluation 
of chest pain and gave informed consent to undergo. 
thallium-201 scintigraphy after both exercise andan in- 
travenous dipyridamole infusion. The chest pain was _ 
classified as typical angina in 15 patients and atypical — 
angina in 6 patients. Eighty-six percent were men and 
14% were women with a mean age of 58 + 9.2 (stan- 
dard deviation) years. Criteria for exclusion included | 
history of significant valvular disease, unstable angin 
myocardial infarction within 6 months, known chroni 
obstructive pulmonary disease, asthma and chronic ami 
nophylline use. All patients were studied while taking 
their prescribed drug regimens and no medication 
changes occurred between the 2 studies. 

Graded exercise test: All patients initially under- 


went a symptom-limited exercise test using the Bruce 
protocol. The test was terminated when symptoms _ 


(chest pain, angina, dyspnea or fatigue) prevented fu 
ther exercise. =: 
Exercise and dipyridamole-thallium scintigraph 
Dipyridamole-thallium-201 scintigraphy was perform 
at 2.5 + 1 weeks after. exercise scintigraphy. All pa 
tients were placed in a supine position for the imaging 
procedure. Dipyridamole 


at a dose of 0.56 mere Th was followed 3 minutes 


so 





then infused intravenously 


ANTERIOR 


c= an wo 


FIGURE 1. initial and delayed computer-processed images and quantitative profiles from a representative thallium-201 scinti- 
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-later with approximately 2.0 mCi of thallium-201. A 
similar dose of thallium-201 was administered during 
exercise scintigraphy in a manner previously described.’ 

itative scan analysis: In addition to conven- 
tional scintigraphic imaging, quantitation of regional 
myocardial thallium-201 activity was undertaken by 
methods previously described.® After quantitative analy- 

sis, 4 quantitative profiles on the anterior image and 5 

scan segments in the 45° left anterior oblique projection 

were examined (Figure 1). Redistribution and abnormal 
thallium-201 washout were designated by quantitative 
criteria.'° We also attempted to identify the vessel re- 

sponsible for a regional perfusion abnormality. The 9 

myocardial scan segments were divided into 3 coronary 

supply regions (Figure 2). Defects in 1 or more scan 
segments in a particular coronary supply region caused 
the supply region to be designated as abnormal. Be- 

cause there were 21 patients, a direct comparison of 63 

coronary supply regions was possible. Two observers in- 

dependently interpreted all initial and delayed thallium- 

201 images, with differences resolved by a third ob- 

server. 

Cardiac catheterization: In 15 of 21 (71%) patients, 
selective coronary angiography and biplane left ventric- 
ulography was performed. Caliper-measured stenoses of 

| 250% in the 3 major coronary arteries were considered 
significant. 

Statistics: Data were analyzed with the assistance of 
commercially available computer software (RS/1). The 
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TABLE! Peak Myocardial Thallium-201 Uptake After 
: Exercise or Intravenous Dipyridamole 















Peak Thallium-201 Uptake 
(counts /mCi injected 
























Thatlium-201) 

rei ei OO 

Exercise Dipyridamole p Value 
Anterior view 127 + 50 160 + 60 0.0002 
LAO view 113444 148 + 53 0.0001 

















significance of differences between proportions was 
evaluated with the 2-tailed Fisher’s exact test. 


RESULTS 


Hemodynamic data: The patients exercised to a 
workload of 7.4 + 2.4 METs and achieved 84 + 15% of. 


LAO = left anterior oblique. 










their age-predicted maximal heart rate. The relatively. : 


low heart rate achieved could be attributed to concomi- 
tant -blocker (66%) and calcium-antagonist (76%). 
treatment. After infusion of intravenous dipyridamole, 
there was an increase in the heart rate by a mean of 17 
+ 5 beats/min and a decrease in systolic blood pressure _ 
by a mean of 17 + 6 mm Hg. ae 
Peak thallium counts: The peak thallium-201 activi 
ty collected after 8 minutes on the initial anterior and. 
45° left anterior oblique projections was calculated for 
13 patients after both intravenous dipyridamole and ex- 
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oe cree The Prevalence of normal and abnormal thallium-201 scan segments after intravenous dipyridamole 
©. ras tene frequency of defects seen after intravenous dipyridamole and exercise is similar: The freceeney of g 
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oe : after dipyridamole infusion. 


~ ercise. These peak counts were indexed to the dose (in 
mCi) of thallium-201 injected. As shown in Table I, the 
peak counts of thallium-201 were significantly higher 


Quantitative segment-by-segment comparison: 
‘There were 189 pairs of scan segments available for di- 
rect comparison. As shown in Figure 3, 76% of these 
segments demonstrated normal uptake of thallium-201 
after exercise. This was not statistically different from 
the 73% of these same 189 scan segments that demon- 
strated normal uptake of thallium-201 after dipyrida- 
mole infusion. The number and fraction of scan seg- 
ments that represented defects were also similar (24 vs 
27%). Figure 4 shows a segment-by-segment compari- 
son of thallium-201 uptake after exercise and intrave- 
nous dipyridamole. One-hundred twenty-nine scan seg- 
ments demonstrated normal thallium-201 uptake after 
both exercise and intravenous dipyridamole and 36 scan 
segments demonstrated concordant abnormal thallium- 
201 uptake. Thus, 165 of 189 scan segments or 87% 
showed concordance with respect to thallium-201 up- 
take. Twenty-four scan segments showed discordant 
thallium-201 uptake (i.e., thallium-201 uptake was ab- 
normal after either exercise or dipyridamole, but not 
both). 

In an attempt to determine whether the discordant 
findings in the 24 segments were evidence of disease in 
different vascular territories, we performed a vessel re- 
gion-by-vessel region comparison of thallium-201 up- 
take after exercise and intravenous dipyridamole. The 
uptake of thallium-201 in paired scintigraphic vascular 
regions after exercise or intravenous dipyridamole. was 
in agreement in 61 of 63 (97%) of the coronary supply 
regions (Figure 5). Thus, when discordant segmental 
findings between dipyridamole and an exercise scinti- 
gram were observed, they usually involved segments 


NORMAL 


DIPYRIDAMOLE 
ABNORMAL 


within the same vascular region. As an example, a scin- 
tigram after exercise in patient 8 demonstrated a defect 
in the upper septum with normal uptake in the lower 
septum. After dipyridamole, a defect in the lower sep- 
tum was noted, but the upper septum was normal. This 
resulted in classification of the upper and lower septum 
as 2 discordant segments. However, the left anterior de- 
scending artery supply region was classified as abnor- 
mal after both exercise and dipyridamole. 

Interestingly, 33 of 189 (17%) scan segments dem- 
onstrated redistribution defects after dipyridamole com- 
pared to 19 of 189 (10%) segments with redistribution 
defects after exercise (p <0.04) (Figure 3). Thus, 33 of 
52 (63%) defects noted after dipyridamole infusion 
demonstrated redistribution compared to 19 of 44 
(43%) defects noted after exercise (p = 0.06). 

Correlation with coronary angiography: Fifteen of 
the 21 patients underwent coronary angiography. Four- 
teen of 15 patients had at least 1 coronary stenosis of 
>50%, and 10 had multivessel disease. Of the 45 major 
epicardial vessels available for assessment (15 patients 
xX 3 vessels), 26 had a stenosis of 250% and 19 had no 
significant lesions. As shown in Table II, all 19 vascular 
regions subserved by angiographically normal coronary 
arteries were correctly identified as normal by both ex- 
ercise and dipyridamole thallium-201 scintigraphy. Of 
the 26 vascular regions perfused by stenotic vessels in 
these 15 patients, initial thallium-201 images with exer- 
cise and dipyridamole showed the same 16 of 26 vascu- 
lar zones to be hypoperfused. Thus, thallium-201 scinti- 
grams after exercise or intravenous dipyridamole dem- 
onstrated identical results in these 15 patients. Sixty-one 
percent of the coronary supply regions perfused by ste- 
notic coronary vessels showed an abnormal thallium- 
201 scan pattern with both exercise and intravenous di- 
pyridamole protocols. 
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FIGURE 4. A segment-by-segment comparison of thallium-201 uptake after exercise and intravenous dipyridamole. Eighty- 
_ seven percent of scan segments showed concordant normal or abnormal uptake- oe eee 









Quantitative clearance of thallium: The clearance 
between the initial and delayed images was calculated 
by measuring the difference between thallium activity 
on the initial and delayed views, dividing it by the thalli- 
um-201 activity in the initial views and multiplying by 
100. While there was a 21% decrease in thallium-201 
activity between the initial and delayed images after ex- 
ercise, there was only a 12% reduction in thallium-201 
activity after dipyridamole (p <0.001) (Figure 6). 
Thus, the clearance of thallium-201 was significantly 
slower after intravenous dipyridamole than after exer- 
cise. Forty-four of 129 (34%) myocardial segments 
demonstrated flat thallium-201 washout (defined as a 
<5% decrease in thallium activity) after dipyridamole 
~ compared to only 19 of 129 (15%) segments showing 
_ flat thallium-201 washout after exercise (p <0.001). 


DISCUSSION 

Dipyridamole-thallium imaging was first performed 
and reported by Albro et al in 19783 and has been suc- 
cessfully used to detect the presence of coronary disease 
in patients with chest pain,* after myocardial infarc- 
tion!! and with peripheral vascular disease. !2:!3 The sen- 
sitivity and specificity of dipyridamole imaging for de- 
tection of coronary artery disease is in the range of 80 
to 90%.45 

Dipyridamole-thallium-201 scintigraphy has been 
performed extensively in patients with known or sus- 
pected coronary disease. However, the precise similar- 
ities and differences in thallium-201 kinetics as demon- 
strated on serial thallium-201 images obtained after ex- 
ercise and dipyridamole infusion in the same patients 
with no limitations to exercise have not been reported. 
Similarly, a detailed comparison of the 2 perfusion im- 
aging protocols for identifying zones of normal and ab- 
normal thallium-201 scan patterns has not been under- 
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TABLE il Correlation of Thallium-201 Uptake /Coronary 
Angiographic Findings for 45 Vascular Regions (15 Patients). 











Normal Abnormal 
Exercise 19/19 (100%) 16/26 (61%) 
Dipyridamole 19/19 (100%) 


16/26 (61%) f 





taken. Few patients have undergone thallium-201 image 
ing after dipyridamole infusion and exercise within a 
short period of time. In a study by Gould et al,!4 75% of 
patients who had a perfusion defect after exercise also 
had a defect after oral administration of dipyridamole, 
The interpretation of scintiscans was qualitative and no 
segmental comparison of images was made. In a prelim- 
inary report of a select group of patients who failed to 
reach 85% of age-predicted maximal heart rate or who : 
achieved a low workload during exercise thallium, 21 _ 
patients underwent thallium-201 scintigraphy after di- 
pyridamole.'> Six of the 21 patients demonstrated redis- 
tribution defects. However, this was a very select popu- 
lation with limited exercise capacity; one would expect _ 
dipyridamole to unmask areas of potential ischemia not E 
manifested at a low exercise workload. In an earlier 

study comparing distribution of thallium-201 after ei- 
ther exercise or dipyridamole, Josephson et al!® found a 
similar sensitivity and specificity for diagnosing coro- 
nary artery disease among 38 patients. This was, how- = 
ever, a qualitative analysis limited to 5 myocardial re- 
gions. Furthermore, no comparison of washout patterns. ~ 
of thallium-201 in these patients was reported. In the- 
present study, we systematically quantitated the initial 
distribution of thallium-201 and subsequent thallium- 
201 washout on scintiscans obtained after exercise and_ 
dipyridamole in the same patients. 
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a [FIGURE 5. A vessel region-by-vessel region: comparison of thallunn-201 uptake. There was 97% concordance in 61 of 63 vz 





We have demonstrated that the peak thallium-201 
counts in myocardial segments after dipyridamole ex- 
ceed those seen after exercise. This suggests that the 
degree of coronary vasodilation and the resultant in- 
crease in coronary blood flow was probably greater af- 
ter dipyridamole than exercise. This lends support to 
prior work by Gould!’ in experimental models. 

We showed that the number of normal scan seg- 
ments and number of scan segments showing perfusion 
abnormalities observed after exercise and dipyridamole 
were similar. This suggests that the relative distribution 
of thallium-201 and the degree of myocardial blood 
flow heterogeneity is similar after exercise and dipyrida- 
mole infusion in this patient population. The prevalence 
of thallium-201 redistribution was slightly but signifi- 
cantly greater on dipyridamole than on exercise scans 
within abnormal vascular scan regions. The explanation 
for this difference is not readily apparent but could be 
attributed to a greater degree of regional flow heteroge- 
neity induced by dipyridamole compared to exercise. 
Perhaps differences in washout kinetics, which will be 
discussed, contributed to this finding. 

Although the initial relative distribution of thallium- 
201 after exercise or dipyridamole infusion appears sim- 
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% Clearance 


FIGURE 6. The clearance of thallium-201 between the initial 
-and delayed images after exercise and intravenous dipyrida- 
mole. The clearance of thallium-201 was significantly slower 


ilar, there were differences in subsequent rate of thalli- 
um-201 washout in areas showing normal thallium-201 
uptake. Thallium-201 washout from normally perfused 
segments was significantly slower after intravenous di- 
pyridamole than after exercise. Because the time inter- 
val when the delayed images were begun was kept con- 
stant in the 2 studies, the differences could not be ex- 
plained by an alteration in the time of delayed image 
collections. This finding supports the work of Ruddy et 
al,!8 who demonstrated a slower myocardial clearance 
of thallium-201 in normal volunteers after dipyridamole 


scans as abnormal: thallium-201 clearance between the 
initial and delayed images is slower after dipyridamole- 
induced vasodilation compared to exercise stress testing. 

There are several limitations to this study. First, only 
21 patients participated. However, the high concor- 
dance rate observed among the 189 pairs of scan seg- 
ments suggests that recruitment of a larger number of 
patients would probably not appreciably alter the re- 
sults. Patients took their prescribed medications during 
this study. This should affect scintiscans obtained after 
both exercise and dipyridamole because there were no 
alterations in medication regimens between the 2 stud- 
ies. Qualitative interpretation of coronary angiograms 
using caliper readings may not be an accurate measure 
of the degree of coronary artery stenosis. This limitation 
should not affect study results because thallium-201 
scintigraphy after exercise and dipyridamole was per- 
formed in the same patients within a short period of 
time. Whatever errors in under- or overestimating ste- 
nosis severity would be applied to both exercise and di- 
pyridamole scan comparisons in an identical manner. 

In conclusion, our study shows that exercise and di- 
pyridamole thallium-201 imaging in the same patients 
is comparable in detecting and localizing scan segments 
with normal or abnormal myocardial perfusion. The 2 
imaging protocols yielded comparable results in identi- 
fying coronary vessels with significant stenoses and 
identifying those vessels without significant coronary 
artery disease. Dipyridamole-thallium-201 scintigraphy 
can be substituted for exercise stress scintigraphy, and 
the sensitivity and specificity for coronary artery disease 
detection and prediction of extent of disease will be 
comparable. 
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‘Impact of Late Coronary Artery Reperfusion 
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To evaluate the impact of late reperfusion of an 
infarct-related coronary artery on left ventricular 
(LV) function in the month after myocardial infarc- 
tion, findings from 368 patients in the Intravenous 
Streptokinase in Myocardial Infarction study are 
presented. All patients had a late peaking in the 
creatine kinase-MB serum time-activity curve, sug- 
gesting absence of early reperfusion. Contrast an- 
giography was performed 1 month after the acute 
event. The infarct-related coronary artery was pat- 
ent in 74 of 116 (64%) streptokinase-treated pa- 
tients and 141 of 252 (56%) patients treated with 
anticoagulant therapy (placebo group). In all base- 
line variables, including the actually developed en- 
zymatic and electrocardiographic infarct sizes, 
there were no differences between the patent- 

or occluded-artery groups. 

A patent infarct artery 1 month after infarction 
was associated with significantly better LV func- 
tion regardless of the vessel involved and whether 
or not patients had been treated with streptoki- 
nase. Ejection fraction in patients with patent ver- 
sus occluded artery was 56 + 13 versus 50 + 14 (p 
<0.0005). Most benefit was noted in patients in 
whom the proximal left anterior descending coro- 
nary artery was affected: ejection fraction was 52 
+ 14 versus 36 + 12% (p <0.0005). Our data con- 
firm that restoration of adequate flow through an 
infarct-related coronary artery beyond the time 
‘window for actual salvage of ischemic myocardium 
has a definite beneficial effect on LV function. 

(Am J Cardiol 1989;64:878-884) 
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shown that thrombolytic therapy improves sur- 

vival after acute myocardial infarction.'4 Most 
investigators agree that the salvage of ischemic myocar- 
dium by early reperfusion is the major factor in improv- 
ing prognosis after myocardial infarction. However, al- 
though the reduction in mortality was largest in patients 
treated very early,'? findings from the Second Interna- 
tional Study of Infarct Survival? challenge the notion 
that myocardial salvage is the only mechanism for im- 
proved survival. Streptokinase also reduced mortality 
when given between 6 and 24 hours after the onset of 
symptoms of infarction. Recent human? and animal® 
studies suggest that it may be important to achieve a 
patent infarct-related artery even after the time when 
actual salvage of jeopardized ischemic myocardium can 
be expected. 

The present study is a retrospective evaluation of 
changes in left ventricular (LV) function in the month 
after myocardial infarction in relation to late reperfu- 
sion of the infarct-related coronary artery in patients in 
the Intravenous Streptokinase in Myocardial Infarction 
(ISAM) study.’ Absence of early reperfusion was sug- 
gested by a late maximum peak in the serum enzyme 
time-activity curve. Generally, peaking of creatine ki- 
nase-MB >15 hours after symptom onset differentiates 
patients with drug-induced or spontaneous early reper- 
fusion from those without early reperfusion.’~° 


| arge randomized controlled trials have conclusively 


METHODS 

The ISAM study was a double-blind, placebo-con- 
trolled German-Swiss-Canadian multicenter trial. Be- 
tween March 1982 and March 1985, 1,741 patients 
who were within 6 hours of onset of myocardial infarc- 
tion symptoms were randomly allocated to either 1.5 
million IU of streptokinase or placebo infusion.’ Imme- 
diately after randomization, all patients received 5,000 
IU of heparin and 0.5 g of acetyl salicylic acid intrave- 
nously, followed by heparin infusion continued for 72 to 
96 hours and overlapping coumadin treatment for at 
least 3 weeks. Evolving myocardial infarction was diag- 
nosed if typical symptoms and ST-segment elevations of 
>1 mm in 21 extremity lead or =2 mm in chest leads 
were present. According to development of new Q> 
waves, 84% of all patients had a transmural myocardial o- 
infarction. ne R ae ce 





TABLE I Baseline Characteristics, Ischemic Area at Risk and Actual Developed Infarct Sizes in 368 Patients with a Creatine Kinase- 
MB Peak of >15 Hours After Symptom Onset: Comparison Between Patients in Whom Angiography One Month After Infarction 


Showed a Patent or Occluded Infarct-Related Artery 





Infarct-Related Artery 


Patent 


Pts (n) 

Medical history 
Hypertension % 

Previous myocardial infarction % 

Cardiac failure % 

Diabetes mellitus % 

Findings at randomization 
Age (yrs) 

Female % 

Bundle branch block % 

Site of infarction 

Anterior % 
inferior % 
Undefined % 

Time from symptom onset to treatment (min) 
Time to peak creatine kinase MB (hrs) 
ischemic area at risk 

($ ST elevation, mV) 

Actual developed infarct size 
MB-CK area (IU /liter X hr)* 
R-amplitude loss (mV)* 

* See text. 


All + values are mean + standard deviation. 
Numbers in parentheses are the numbers of patients. 


215 


13 (39) 
$(13) 
17 (36) 
3 (17) 


55+ 10 
14 (29) 
2 (5) 


38 (81) 
61 (132) 
12) 
185 + 76 
20.244 





The ISAM study protocol stipulates that all patients 
were to have cardiac catheterization whenever clinically 
justified, i.e., independent of symptoms or suspicion of 
reocclusion. Angiography was performed in 52% of all 
patients 31 + 12 (range 11 to 64) days after infarction. 
Patients who had angiography were significantly youn- 
ger than those who did not (55 + 10 vs 61 + 9 years). 
There was no selection with regard to streptokinase or 
placebo treatment. 

; Study patients: In 682 patients treated either with 
streptokinase or placebo who had a ventricular angio- 
gram and creatine kinase-MB time-activity curves ade- 
quate for quantitative analysis, the infarct-related coro- 
nary artery could be identified and the degree of resid- 
ual stenosis calculated. Three-hundred sixty-eight of 
them—who had a maximum peak in the serum creatine 
kinase-MB time-activity curve >15 hours after symp- 
tom onset---form the basis of the present report. 

Ischemic area at risk: The size of the area at risk 
was defined as the sum of ST-segment elevations above 
baseline 20 ms after end of QRS on the prerandomiza- 
tion electrocardiogram from leads I, aVL and V; to Ve 
for anterior and leads II, IH, aVF and V; to Ve for 
inferior myocardial infarction. ST-segment depression 
was not measured. 

Estimation of infarct size: The integrated area un- 
der the creatine kinase-MB activity curve’ and the R- 
wave loss derived from 12-lead electrocardiograms!° 
were used as measures of infarct size. Blood samples 

were drawn every 2 hours for the first 30 hours and 

every 4 hours for the next 20 hours and were analyzed 
| eentrally by means of the creatine kinase-MB Monotest 
ee 
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11409 


1,836 + 1,250 
18415 





Occluded 
153 





21 (32) 
6 (9) 
15 (23) 

7 (10) 


55+9 
14 (21) 
3 (5) 


37 (56) 
63 (96) 
1 (1) 
186 + 76 
21744 
10408 


1,780 + 998 
16410 


The electrocardiographic criteria used were the dif- 
ferences in the sum of R-wave amplitudes between the 
prerandomization electrocardiogram (ECG A) and the © 
electrocardiogram at 3 weeks (ECG D): ZR amplitude 
(A — D). Electrocardiographic leads were selected ac- 
cording to anterior or inferior localization for the isch- 
emic area at risk. 

Quantitative angiographic analysis one month after 
infarction: The ejection fraction was calculated from an 
angiogram in the 30° right anterior oblique projection 
according to the area length method. Regional abnor- 
malities in LV wall motion were calculated in square 
units as the “regional dyssynergic area.” ” In brief, the 
end-diastolic and end-systolic silhouettes were superim- 
posed and divided into 48 segmental radii. The area be- 
tween radii shortening by <2 standard deviations and 
the 2 standard deviations range for systolic shortening. 
in healthy subjects were considered the dyssynergic — 
area. 

An infarct-related artery was judged patent if the 
residual diameter stenosis was <95% and reperfusion 
was complete; that is, filling and clearance of contrast in 
the coronary bed distal to the stenosis were as rapid as 
in other coronary beds (Thrombolysis in Myocardial In- 
farction [TIMI] grade 3 perfusion). 

The presence or absence of at least some collateral 
flow was only recorded in patients who had a totally 
occluded infarct-related coronary artery. a 

Statistical analysis: Group differences were assessed 
by the separate variance estimate ¢ or chi-square test for - 
continuous or dichotomous variables, respectively. Two- 
tailed p values are given. All values: are expressed: as 
mean + standard deviation, i 
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TABLE Il Characteristics of Patients with a Creatine Kinase-MB Peak of >15 Hours in Whom Angiography One Month After Acute 
Myocardial Infarction Showed a Patent or Occluded Infarct-Related Artery 








Streptokinase 


Patent Occluded 





Piacebo 


Patent Occluded 





Pts (n) 74 42 
Site of infarction 

Anterior % 

inferior % 

Undefined % 
Time symptom onset to treatment (min) 
Ischemic area at risk 

(X ST elevation, mV) 
Time to peak creatine kinase-MB (hrs) 
Actual developed infarct size 
MB-CK area (IU /liter X hr)* 
R-amplitude loss (mV)* 


32 (24) 
65 (48) 
3 (2) 
192 + 83 
1040.8 


18.0+3 


1,463 + 1,063 
16413 


141 111 
40 (57) 
60 (84) 
o (0) 
182 + 73 
12409 


42 (47) 
57 (63) 
1(1) 
187 +77 
1.0 0.9 
21444 22.545 
2,029 + 1,299 
1941.6 


1,818 + 984 
1741.1 





* See text, 
All + values are mean + standard deviation. 
Numbers in parentheses are the numbers of patients. 





RESULTS 

Table I compares patients in whom the infarct-relat- 
ed artery was either patent or occluded at angiography 
1 month after infarction. There was no difference be- 
tween the patent- and occluded-artery groups with re- 
gard. to medical history, conditions at randomization, 
ischemic area at risk and actually developed enzymatic 
and electrocardiographic infarct sizes. There was, how- 
ever, a small but significant earlier peaking in the en- 
zyme time-activity curve in the patent coronary artery 
group. 

In Table II, streptokinase and placebo patients are 
compared separately. At 1 month after infarction the 
infarct-related artery was patent in 64% of streptoki- 
nase-treated patients and in 56% of patients with thera- 
peutic anticoagulation (placebo group). In the 116 
streptokinase patients time to peak creatine kinase-MB 
was 18.6 + 3 hours versus 21.8 + 4 hours in the 252 
placebo patients (p <0.0005). 





Left ventricular function one month after infarction: 
In Figure 1 global ejection fractions and in Figure 2 
regional dyssynergic areas are shown with regard to the 
status of vessel patency for all patients and for various 
subgroups. The global ejection fraction correlated well 
with the regional dyssynergic area (r = 0.82, standard 
error of the estimate = 8.0, p <0.0005). A patent in- 
farct-related coronary artery was associated with a bet- 
ter LV function regardless of whether or not patients 
had been treated with streptokinase, and whether the 
infarct-related vessel was the left anterior descending, 
the circumflex or the right coronary artery. Most bene- 
fit was noted in patients in whom the proximal left ante- 
rior descending coronary artery was affected (Figure 3). 
Mortality from 1 month after myocardial infarction to 
an average follow-up of 31 months for patients with a 
patent or occluded proximal left anterior descending 
coronary artery was 3 of 39 versus 7 of 25 (8 vs 28%, p 
<0.03). 





EF (%) 


60 


141 
0.001 


215 153 
0.000 


74 42 
<0.03 


111 





108 78 
<0.005 


84 55 23 20 
<0.001 ns 








FIGURE 1. Global ejection fraction (EF) in patients with patent (open bars) or occluded (stippled bars) intarct-related coronary 


: artery at angiography 1 month after acute myocardial infarction. All = all patients; Cx noe e AD = 
AAT E Oy eee TA = placebo; RCA = ne coronary mien $ streptokinase. 
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“Some collateral circulation was present in 90 of 110 


-patients who had a totally occluded infarct-related ar- 


tery. There was no difference in global ejection fraction 
or regional dyssynergic area, respectively, between pa- 
tients with or without some collateral flow. 

Table III provides data on the severity of residual 
diameter stenosis of the infarct artery. LV function was 
only slightly better in patients with a residual stenosis of 
<75% versus patients who had a residual stenosis of 76 
to 95%. A beneficial effect of a widely patent artery on 
LV function was more obvious in those patients in 
whom the left anterior descending coronary artery was 
affected. The sizes of the ischemic area at baseline, 
however, were significantly greater and the actually de- 


veloped infarct sizes ended: to be eee in patients with 
a residual stenosis of <75%. : 


DISCUSSION Oe 
The ischemic area at risk, the actually developed en- 
zymatic infarct size and the R-wave loss was no differ- 
ent according to whether the infarct-related artery 1 
month later was patent or occluded (Table Land I 
LV function was significantly better in patients in 
whom the infarct-related artery was patent regardless of | 
whether patients had been treated with streptokinase o 
not (Figures 1 through 3). Thus, late reperfusion of an 
infarct-related coronary artery (beyond the time whe 
actual salvage of jeopardized ischemic myocardium ca 
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FIGURE 2. Regional dyssynergic area of the left ventricle in patients with patent (open bars) or occluded (stippled bars) infarct- 
related coronary artery 1 month after acute myocardial infarction. Abbreviations as in Figure 1. 
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| Infarction in Relation to Degree of Vessel Patency 
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TABLE Iii Ischemic Area at Risk, Actual Developed Infarct Sizes and Left Ventricular Function One Month After Myocardial 





All Patients 


MB-CK DA 
ystt (IU /liter R(A-D)* EF 
(mV) x hr) (mV) (%) 


(square 
units) 


LAD Coronary Artery-Affected Patients 


MB-CK DA 
(IU /liter R(A-D)* (square 
X hr) (mV) units) 


ESTI 
No. (mV) 





1.3+1.0' 1,962+1,418 20416 57413 
10407 1,75741,132 17414 55413 
10408 1,7804998 16410 50414 





S75% 
76to 95% 
>95% 


* See te: 

tp E, vs 76 to 95% stenosis: p <0.02. 

DA = regional dyssynergic area; EF = ejection fraction; IRA = 
R(A-D) = R amplitude loss; IST} = sum of ST segment elevations at baseline. 


be expected) has a substantial beneficial effect on LV 
function. 

In patients who did not receive thrombolytic thera- 
py, a beneficial effect of an open infarct-related coro- 
nary artery on LV function as determined at 1 month 
after acute infarction has been documented.!!}2 Better 
function after 1 month, however, may be the result of 
an early spontaneous recanalization.’ Early coronary 
patency is associated with smaller infarct sizes and LV 
dysfunction is attenuated.” Importantly, patients with 
early spontaneous reperfusion also have an early peak- 
ing in the enzyme time-activity curve, as do patients 
with drug-induced reperfusion.®. 7 

This study only includes patients with a late maxi- 
- mum peak in the enzyme time-activity curve. The mean 
value of 21 + 4 hours after symptom onset is in keeping 
-with findings in patients with thrombolytic therapy but 

angiographically proven persistent occlusion.3? We do 
-not know when late reperfusion in our patients actually 
took place. A patent infarct-related artery had been 
demonstrated by angiography 6 to 48 hours later in 83 
to 90% of patients treated with various thrombolytic 
agents.*.!3.14 Thus, “spontaneous” late reperfusion prob- 
ably did occur mainly within this time limit. Lysis of a 
coronary clot is an ongoing process.®!!.!3 Although 
peaking of the enzyme time activity was delayed for 
>15 hours, the creatine kinase-MB maximum peak was 
reached significantly earlier in patients who had a pat- 
ent infarct artery (Table I), indicating that some pa- 
tients had reperfusion early enough to influence the en- 
“zyme time-activity curve. In streptokinase-treated pa- 
tients the enzyme maximum in general was reached 
earlier than in the anticoagulant (placebo) group (Table 
IT). This suggests that the proportion of patients who 
still had relatively early reperfusion was larger. 

Available collateral circulation to the infarct artery 

may influence the functional recovery in patients who 
had late reperfusion.! However, Q-wave infarction is 
considered to be the result of lack of collateral circula- 
tion and of complete occlusion of a major branch.'¢ 
Since 84% of all ISAM patients developed a Q-wave 
- infarction, probably only a minority had preexisting col- 
lateral circulation. One month after infarction, the pres- 
ence of some collateral flow to the persistently occluded 
infarct-related artery had no influence on depression of 
_ LY function in our study. Well-developed collaterals are 
a prereguisite | for Preservation o af Ly function, 1112 Un- 


2314175 35 
245 +132 49 
3244192 55 


zi measurements there was no difference i 


1841.3 217941437 29420 56413 290+197 
1.5408 1,97141,229 23420 51414 3324211 
1641.0 18424994 23412 44415 4504 206 


infarct-related d artery, LAD = left anterior descending; MB-CK = area under the MB-creatine kinase activity curve; 


fortunately, we did not distinguish between poor and 
good collateral filling. However, the proportion of pa- 
tients with well-developed collateral circulation was 
probably small. In a prospective study Betriu et al!! as- 
sessed coronary anatomy in 259 patients alive 1 month 
after acute myocardial infarction. Some collateral flow 
was present in 115 of 194 patients with persistent occlu- 
sion of the infarct artery. LV dysfunction was attenu- 
ated only in 29 patients in whom all vessels with total or 
subtotal occlusion were filled by well-developed collater- 
als. 

When the impact of the severity of residual vessel 
stenosis on LV function 1 month after infarction is eval- 
uated, it has to be considered that the initial infarct size 
might have been different. A strong predictor of infarct 
size is the magnitude of the sum of ST-segment eleva- 
tion during evolving infarction.'°!7 Therefore, the larger 
ischemic area at risk in our patients with a residual ste- 
nosis of <75% indicates basically larger infarcts com- 
pared with those patients who had a residual stenosis of 
76 to 95%. Nonetheless, LV function at 1 month tended 
to be better (Table ITI), emphasizing the importance of 
restoration of an adequate blood flow. 

Ambrose et al!® showed that the preexisting severity 
of stenosis is an important determinant of the extent of 
subsequent infarction. Smaller infarcts are usually pre- 
ceded by a more severe preexisting stenosis, perhaps in- 
dicating some degree of prior myocardial protection.'® 
Our patients with a widely patent infarct artery proba- 
bly had only minor coronary lesions without (collateral) 
circulatory support. A sudden thrombotic occlusion will 
then lead to larger infarcts, 

Thrombolytic therapy: In controlled trials with 
thrombolytic therapy it has been documented that a di- 
rect beneficial effect in terms of infarct size limitation 
(measured by enzymatic or electrocardiographic crite- 
ria) can only be achieved when treatment is initiated 
within 3 to 4 hours after symptom onset.™!718 However, 
improvement in ejection fraction was related to persis- 
tent infarct vessel patency regardless of the time delay 
from symptom onset to therapy.”!7.!920 In the TIMI 
phase I trial, the early recanalization rate was 62% with 
recombinant tissue-type plasminogen activator and only 
31% with streptokinase. However, at hospital discharge 
the percentages of patients who had a patent infarct ar- 
tery were the same: 72 vs 7 3%. Yet, at the time of these 
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i _FIGURE 4. Data from various 


TABLEIV Differences in Ejection Fraction Between Thrombolysis and Control Groups in Relation to the Respective Differences in 
the Percentages of an Open Infarct-Related Coronary Artery 10 to 30 Days After Myocardial Infarction in Various Trials with 


Thrombolytic Therapy 
Ejection Fraction (%) 


Differences in 
% Ejection Fractions 


Study (Ref.) 


O'Rourke?! 
ICIN?S IC STK 
Austratia2? rt-PA 
White22 STK 
ISAM? STK 
ECSG** rt-PA 
Bassand?5 STK 
GEMT?6 APSAC 


* TIMI grade 3; * radionuclide ventriculography. 


Drug Thrombolysis Control 


rt-PA 


infarct Artery Patent (%) 
Differences in 
% Patency Rates 


Thrombolysis Control 


APSAC = anisoylated plasminogen streptokinase activator complex; IC = intracoronary; rt-PA = recombinant tissue plasminogen activator, STK = streptokinase, 


This suggests that not early reperfusion—but rather the 
presence of an open infarct artery—was the main deter- 
minant of LV function. 

_ Additional data support this suggestion. In many 
controlled thrombolysis trials a beneficial effect on LV 
function was assessed by angiography 10 to 30 days lat- 
er.7:!8.21-26 It was not well understood why the results 
varied considerably regardless of the thrombolytic agent 
used. Table IV lists those studies in which the percent- 
ages of open infarct arteries were also provided. Differ- 
ences in ejection fraction between thrombolysis and con- 
trol groups closely coincide with the respective differ- 
ences in vessel patency in each individual trial (Figure 
4). 

In some trials there was an apparent discrepancy be- 
tween the effects on LV function and survival. While 
early in-hospital mortality was markedly reduced,’*?° 
LV function at hospital discharge was only slightly bet- 
ter?* or not better? than in the respective control 
groups. However, at the time of measurements, ejection 


i is trials at angiogra- 
-> phy 10 to 30 days after acute 
: infarction. Differ- 


cy rates of the infarct artery in 
thrombolysis and control 
groups. Numbers in the squares 
refer to the references (Table 
IV). 


Differences in ejection fractions 


fractions in both treatment groups coincided with the — 
corresponding patency rates of the infarct artery (Table ` 
IV, Figure 4). These findings may suggest that early in- _ 
hospital mortality is favorably influenced by salvage of 


ischemic myocardium from timely therapy and, in addi- a 


tion, by restoration of an adequate coronary blood flow 
beyond the time window for salvage of myocardium. — 


Late reperfusion may derive from slower lysis of the _ 


thrombus or because treatment is started 4 to 6 hours. 
after symptom onset. As long as thrombolytic therapy 
will reopen infarct arteries more often and earlier than _ 
would occur spontaneously or from anticoagulation, — 
thrombolysis will be of benefit. LV function some days _ 
after myocardial infarction, however, substantially de- 
pends on whether patency of the infarct artery has been _ 
achieved. Long-term mortality is strongly related to LV 
function at hospital discharge. Thus, to improve long- 
term survival, restoration of an adequate flow to the in- 
farct-related coronary artery in itself may be of major 
importance. 
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Possible mechanisms for the beneficial effect of an 
open infarct artery: In relation to its size, acute myo- 
cardial infarction is followed by remodeling of the left 
ventricle.>°!2.27 This remodeling results from infarct ex- 
pansion, volume overload and dilatation of the remain- 
ing viable myocardium. Late reperfusion of the infarct 
artery may prevent or limit this remodeling by a variety 
of mechanisms.° 

Animal experiments have demonstrated that reper- 
fusion performed too late to salvage significant amounts 
of myocardium still inhibited infarct expansion and an- 
eurysm formation.® Late coronary reperfusion led to an 
acute reduction in diastolic infarct expansion and pre- 
served global systolic function.2’ Similarly, adequate re- 
perfusion to the infarct zone during the healing phase of 
acute myocardial infarction in humans prevented con- 
tinuing infarct expansion and LV dilatation. !2 

In contrast, Warren et al?8 reported that the process 
of LV dilatation was not favorably altered by successful 
reperfusion at a mean time of 5 hours after onset of 
symptoms. However, the number of patients studied 
was small, reocclusion could not be excluded as the 
cause of progressive dilatation in some patients and, 
most important, patients with partial reperfusion (TIMI 
grade 2) were included. In such patients reperfusion 
may not have been sufficient to prevent dilatation, 111220 

A beneficial effect of late reperfusion may derive 
from an improvement of the function of hibernating 
myocardium.” Within or related to the zone of irrevers- 
ible necrosis there may be reduced myocardial perfu- 
sion, still sufficient to maintain tissue viability but not 
function. Restoration of adequate perfusion may then 
restore impaired LV function.?? LV function signifi- 
cantly improved after successful coronary angioplasty of 
an occluded or high grade residual infarct artery steno- 
sis performed some days or even months after infarc- 
tion. 

Clinical implications: LV function at hospital dis- 
charge is the main determinant of long-term survival. 
Our data confirm that late reperfusion of an infarct- 
related artery has a potential impact on preservation of 
LV function either by improvement, prevention of dete- 
rioration, or both. These findings emphasize the impor- 
tance of restoring adequate coronary blood flow beyond 
the time window when actual salvage of ischemic myo- 
cardium can be expected. 
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The present study assessed the prognostic value of 
_ hyperglycemia—a common feature in the early 
phase of acute myocardial infarction (AMI)—in 
330 nondiabetic patients. Seventy-nine known dia- 
betics and 10 (3%) unknown diabetics——diagnosed 
before discharge by stable glycosylated hemoglobin 
>6.9% and by oral glucose tolerance testing — 

: ‘were excluded. Thirty-three (10%) patients died. 
The mortality rate was higher in women, in pa- 
tients with anterior AMI, in older patients (>65 
years) and in the presence of heart failure. It was 
highest in patients with cardiogenic shock (24/36 
vs 9/294; p <0.0001). Admission plasma glucose 
was significantly higher in nonsurvivors than in 
survivors (163 + 60 vs 114 + 36 mg/dl; p 
<0.0001). Mortality rate increased with increasing 
admission plasma glucose: 3% in normoglycemic 
patients (<120 mg/dl) versus 15% in patients with 
borderline plasma glucose (121 to 180 mg/dl) ver- 
sus 43% in hyperglycemic patients (>180 mg/d) (p. 
<0.0001). Multiple regression (stepwise) analysis 
identified cardiogenic shock, infarct site and age as 
the major determinants of mortality, while admis- 
sion plasma glucose failed to reach full statistical 
significance (p = 0.067). Hyperglycemia was relat- 
ed to all 3 of these independent prognostic factors; 
when age and infarct site were accounted for, hy- 
perglycemia was significantly associated with heart 
failure only and this association was characterized 

. by a remarkable mortality rate. In nondiabetic pa- 
-tents with AMI, hyperglycemia is a correlate of 

_ heart failure and, therefore, an important factor of 
` prognosis. 
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phase of acute myocardial infarction (AMI), — i 


Hes is a common feature in the early 


but its meaning is not completely clear.!? In- 


creased plasma glucose levels on admission into a coro-) 


nary care unit have been ascribed either to the “stress”. 
of the acute cardiac event,23 to the extent of infarc- 


tion,24 or to the neuroendocrine changes of the early — a 


phase of AMI.5 Furthermore, according to some investi- 


gators, undiagnosed diabetes may account for a remark- 


able part of the phenomenon.!** Recently hyperglyce-. 
mia has been related to a higher mortality in diabetic?!? 
as well as in nondiabetic patients??° and to a higher 
frequency of cardiogenic shock.® This study assesses the _ 
prognostic value of hyperglycemia and its relation tothe 
complications of AMI in nondiabetic patients. : 


METHODS 
This prospective study included 419 patients, consec- 
utively admitted for AMI from January 1985 to June 


1987. AMI was defined according to criteria of the 


World Health Organization.'!! On admission, before ee 
any drug administration, blood samples were taken to 


determine plasma glucose and stable glycosylated he- . 


moglobin and—every 6 hours for 48 hours—to assess 
creatine kinase (MB fraction). Heart rate, systolic and 
diastolic blood pressure were measured and Killip class 
determined. Patients with diabetes mellitus (89; 21%) 


were excluded: 79 of these were known diabetics and in > 
10 the diagnosis of diabetes mellitus (6 cases) or im- be 
paired glucose tolerance (4 cases) was made before dis- 


charge. 


the following: stable glycosylated hemoglobin on admis- 
sion >6.9% (normal range in our laboratory is 4.3 to 
6.9%; 95% confidence interval 3.7 to 7.1%); oral glucose 
(75 g) tolerance test performed after an overnight fast 


on discharge in all patients with plasma glucose >120. 
mg/dl persisting beyond the first day; postprandial 
blood glucose >140 mg/dl in a glycemic profile per- 
formed in all patients with admission plasma glucose ` 7 
>120 mg/dl; and stable glycosylated hemoglobin _ 
>6.9%. The glycemic response to oral glucose was eval- 
uated according to the National Diabetes Data Group __ 


criteria.!* ee 
Infarct location was designed as: anterior, pathologi- _ 
cal Q waves in at least 2 precordial leads or in Dj and — 





Criteria for the diagnosis of diabetes mellitus were 





























-| TABLE | Clinical Features of Patients with Acute Myocardial 
_Infarction Divided According to Outcome 
Survivors 


297 


Nonsurvivors 


33 


p Value 








No. of pts 


Age (yrs) 76+8 65412 0.0001 
M/F 17/16 226/71 0.0046 
Systolic BP (mm Hg) 131 +46 148 + 33 0.0310 
Diastolic BP (mm Hg) 78 + 24 87 + 16 0.0254 
Heart rate (beats /min) 83 + 25 81+ 29 NS 

CK-MB peak (U /liter) 200 + 267 1604145 NS 

APG (mg/dl) 163 + 60 114+ 36 0.0001 


APG = admission plasma glucose; BP = blood pressure; CK = creatine kinase; NS = 
not significant. 


aVL; inferior (posterior), pathological Q waves in at 
least 2 inferior leads or R >S in Vj; and non-Q-waves, 
absence of Q waves or evidence of left bundle branch 
block. 

Killip class on admission was assigned as: Killip I, no 
‘clinical signs of heart failure; Killip II, bibasilar rales or 
auscultatory S3; Killip HI, acute pulmonary edema; and 
Killip IV, cardiogenic shock. 

Cardiogenic shock was defined as a systolic blood 
pressure <90 mm Hg associated with oliguria and clini- 
cal signs of circulatory failure. 

Causes of death were distinguished between cardiac 
and noncardiac; cardiac deaths were divided into: elec- 
tromechanical dissociation, ventricular fibrillation and 
heart failure (cardiogenic shock, acute pulmonary ede- 
ma and refractory congestive heart failure).!3 

Our analysis also considered: age and sex, history of 
previous myocardial infarction, hypertension or smok- 
ing, hypokinetic or hyperkinetic ventricular arrhythmias 
detected by either telemetric electrocardiographic or 
Holter monitoring, performed before discharge, and de- 
velopment of congestive heart failure or cardiogenic 
shock. 

~= Patients were divided into 3 classes based on admis- 
-sion plasma glucose values: class 1, admission plasma 
glucose £120 mg/dl (patients with clearly normal plas- 
ma glucose levels); class 2: admission plasma glucose 
`. ranging between 121 and 180 mg/dl (patients with bor- 
derline glycemic levels); and class 3, admission plasma 
glucose >180 mg/dl (patients with clearly abnormal 
- glycemic levels). 
The patients received thrombolytic treatment, ac- 
cording to GISSI protocol,'4 in addition to the usual 
therapy. No patient with hyperglycemia was given insu- 
lin. 

Plasma glucose was determined by enzymatic meth- 
od (hexokinase) and stable glycosylated hemoglobin as- 
sayed by a chromatographic method (Bio-Rad column). 

- Statistical analysis was performed by: chi-square 
-with Yates correction, when appropriate; Mann-Whit- 
“ney U test; linear regression; analysis of variance; multi- 
-=+ ple stepwise regression. A p value <0.05 was considered 

-= Significant. Results are mean + 1 standard deviation. 


tients into the study (mean age 


10 92): 243 (74%) men and 87 of mortality (multiple R = 0.663, R? = 0.440; p 

































-| TABLE It Clinical and Historical Findings in Patients with 
Acute Myocardial infarction, Divided According to Outcome 


Nonsurvivors Survivors 





































Age 
<65 yrs (%) 4(3) 146(97) Chi-square = 14.97 
>65 yrs (%) 29 (16) 151 (84) p <0.0001 
Infarct site 
Anterior (%) 20 (18) 90 (82) ; _ 
Inferior (%) 12(9) 126 (91) slips oct 15:46 
Non-Q wave (%) 101) 8199) PZY 
Killip classes 
Killip 1 (%) 9(4) 221 (96) 
Killip 11 (%) 3(7) 43(93) Chi-square = 91.01 
Killip Hi (%) 6 (19) 25(81) p <0.0001 
Killip IV (%) 15(65) 8 (35) 
Hypertension + 2(3) 57 (97) 
(%) = NS 
Hypertension—  31(11) 24079) P 
(%) 
Previous AMI(%) 12(12) 88 (88) =NS 
First AMI (%) 21 (9) 209(91) P 








AMI = acute myocardial infarction; NS = not significant; + = present; — = absent. 





(26%) women. Thirty-three patients (10%) died. The 
patients’ clinical features, divided according to outcome, 
are listed in Tables I and II. Causes of death were: ven- 
tricular fibrillation 1/33 (3%); electromechanical disso- 
ciation 3/33 (9%); heart failure 28/33 (85%); and non- 
cardiac (pulmonary embolism) 1/33 (3%). 

Mortality rate was higher in women (18 vs 7%; p = 
0.0046), in the anterior myocardial infarction group and 
in older patients (Table I). History of smoking, hyper- 
tension or previous myocardial infarction did not affect 
prognosis significantly. 

Mortality was not related to the development of hy- 
pokinetic or hyperkinetic ventricular arrhythmias, early 
postinfarction angina, creatine kinase-MB peak (Table 
I) and thrombolytic treatment, whereas it increased in 
the presence of heart failure, either on admission (Killip 
class, Table II) or in the hospital. In fact, 21% of pa- 
tients with congestive heart failure or acute pulmonary 
edema died versus 6% without cardiac failure (p = 
0.0002). Furthermore, 67% of patients who developed 
cardiogenic shock died versus 3% of those who did not 
have this complication (p <0.0001). 

Admission plasma glucose was significantly higher 
in nonsurvivors than in survivors (Table I) and, upon 
dividing patients into 3 classes of glucose levels ($120, 
121 to 180, >180 mg/dl), mortality rate increased with 
increasing plasma glucose levels (7/208 vs 15/98 vs 9/ 
21; p <0.0001) (Figure 1). 

When outcome was chosen as the dependent vari- 
able and age, sex, admission plasma glucose, infarct 
site, hypokinetic and hyperkinetic ventricular arrhyth- 
mias, heart failure, cardiogenic shock, history of previ- 
ous myocardial infarction and hypertension, systolic and 
diastolic blood pressure, heart rate, Killip class and cre- 
atine kinase-MB peak as the independent variables, 
multiple regression showed cardiogenic shock (F =. 
223.08, p <0.0001), infarct site (F = 118.84, p <0.01) 
and age (F = 83.52, p <0.01) to be major determinants __ 



















~ <0.01). Admission plasma glucose failed to reach full 
statistical significance in this model (p = 0.0670). Plas- 

` ma glucose levels were not significantly related to ar- 
rhythmic complications, history of previous myocardial 
infarction and hypertension. 

A significant, if weak, correlation was found be- 
tween plasma glucose levels and creatine kinase-MB 
peak in all patients (r = 0.218, p <0.001) as well as 
those surviving at least for the first 48 hours after ad- 
mission (r = 0.269, p <0.001). Mean plasma glucose 
increased from Killip class I to IV (109 + 28 vs 125 + 
44 vs 147 + 66 vs 170 + 57 mg/dl, p <0.0001); also, it 
was higher in patients with congestive heart failure, 
acute pulmonary edema or both (135 + 54 vs 113 + 35 
mg/dl, p = 0.0002) and in patients with cardiogenic 

_ shock (162 + 61 vs 114 + 36 mg/dl, p <0.0001). 

The prevalence of patients with signs of heart failure 
increased from the first to the third plasma glucose class 
(p <0.0001, Figure 2). Admission plasma glucose was 
higher in anterior AMI patients (p = 0.047), in older 
patients (p = 0.008) and in patients with heart failure 
(p <0.0001). However, when age and infarct site were 
accounted for, glycemia was only related to the presence 
-of heart failure. 

To further evaluate the power of hyperglycemia as a 

` marker of heart failure or poorer prognosis, we consid- 
ered the mortality rate of patients with or without heart 
failure in each plasma glucose class. Mortality rate was 
always higher in patients who developed heart failure in 
each of the 3 (normoglycemic, borderline, hyperglyce- 
mic) plasma glucose classes (Figure 3). Conversely, the 
mortality rate of patients with heart failure increased 
through the 3 glucose classes: 16% in normoglycemic, 
26% in the borderline group and 50% in the hyperglyce- 
mic class (p = 0.021). The association between hyper- 
glycemia and heart failure was characterized by a re- 
markable mortality rate (Figure 3). 


DISCUSSION 
The current results confirm that, in the acute phase 
of AMI, hyperglycemia plays an unfavorable role in 
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nondiabetic patients, in agreement with previous stud- 


glucose values on admission, and was related to a higher _ 
frequency of cardiogenic shock and congestive heart _ 
failure but not to arrhythmic complications. However, — 


in our regression model, hyperglycemia was not an inde- — : 


pendent prognostic index, while cardiogenic shock, in- 
farct location and age were significant correlates of 


mortality. This result would appear to be at variance _ 


with the observation of Oswald et al*; these investiga- _ 


tors, however, did not include cardiac failure in their 


regression model. l 

In our study, hyperglycemia was related to all 3 ma- _ 
jor determinants of prognosis, as mean plasma glucose = 
concentrations were higher not only in patients with — 
cardiogenic shock or other signs of cardiac failure, but a 
also in patients with anterior AMI and in the elderly. 
However, the relation of plasma glucose levels to age _ 
and anterior AMI was not significant when patients - 
were grouped exclusively according to signs of heart 
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class: 21% (44/208) in the normoglycemic class versus 43% 
(44/98) in the borderline class versus 86% (18/21) in the 
hyperglycemic class (p <0.0001). 
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ies.!26 Mortality rate increased with increasing plasma __ 








_ docrine adjustments!> that characterize the early phases 
-of AMI'+!7 and correlate with the degree of hemody- 
: namic impairment.!®!9 Catecholamine levels increase 
~ within the first 2 hours from the onset of AMI2° and 
high concentrations of serum cortisol,?! growth hor- 
mone”? and free fatty acids?? are reached. These 
changes, along with elevated glucagon values,”3 presum- 
ably contribute to glucose intolerance and peripheral in- 


sulin resistance.?224 Some investigators have found cor- 


tisol, epinephrine and norepinephrine to be the main de- 
terminants of hyperglycemia in AMI in nondiabetic 
patients.” On the other hand, insulin release from pan- 
creatic islets is reduced? in the early phase of AMI; the 
insulin response to tolbutamide infusion is nearly absent 
when AMI is complicated by cardiogenic shock and it 
gradually regains normality with improvement of hemo- 
dynamics.*> In uncomplicated infarction, this response 
is, in contrast, comparable to normal subjects.25 

Epinephrine and norepinephrine levels are related to 
infarct size.'”.26 Therefore, it is not surprising that some 
correlation was found between plasma glucose and cre- 
atine kinase-MB peak. 

Our study notes a relation between hyperglycemia 
and heart failure and consequently poorer prognosis.” 
Among the patients with increased plasma glucose val- 
ues (>180 mg/dl), 18 of 21 had myocardial infarction 
complicated by heart failure and 50% of them died. No 
patient died in the normoglycemic group without heart 
failure (Figure 3). We cannot exclude the possibility 
that some deceased patients had an impaired glucose 
tolerance, despite normal glycosylated hemoglobin lev- 
els.?8 However, in our study, the patients with impaired 
‘glucose tolerance showed the same mortality as those 
with normal glucose tolerance. 

In conclusion, in the early phase of AMI, hypergly- 
cemia might not only be a correlate of heart failure, 
but a contributor to a poor outcome as well. It can 
be hypothesized that increased contrainsular hor- 
mones2!6.21.22 together with reduced insulin release5— 
which are more evident in myocardial infarction compli- 
cated by heart failure!*:?!—might induce a worsening of 
glucose utilization by the myocardium and, consequent- 
ly, reduce cardiac function.29 Our clinical study cannot 
contribute to the evaluation of this hypothesis, but it 
suggests that in nondiabetic patients with AMI, detec- 
tion of hyperglycemia should be considered as indicative 
of poor prognosis, due to high prevalence of heart fail- 
ure. 
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m Ready-to-eat cholestyramine bar— 
no mixing, no mess 
@ Smooth, pleasant caramel and raspberry flavors 

m Judged more convenient than cholestyramine resin 
powder by the majority of patients*? 

m Reduced total cholesterol 21% (311 mg/dL to 

246 mg/dL) and LDL’ cholesterol 32% (230 mg/dL to 
156 mg/dL)’ 

m One CHOLYBAR (4 g cholestyramine) equals one 
packet or one scoop of cholestyramine resin powder 
m Initial dose: 1 bar BID; maintenance dose: 

1-3 bars BID as an adjunct to diet and exercise 
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Cholybar® 
(Cholestyramine Resin Bar) 


Before prescribing, please see full prescribing information. 
A Brief Summary follows. 


INDICATIONS AND USAGE 

1) Cholybar (cholestyramine resin bar) is indicated as adjunctive therapy to diet for 
the reduction of elevated serum cholesterol in patients with primary hypercholester- 
olemia (elevated low-density lipoprotein [LDL] cholesterol) who do not respond 
adequately to diet. Cholestyramine resin may be useful to lower LDL cholesterol in 
patients who also have hypertriglyceridemia, but it is not indicated where hypertri- 
glyceridemia is the abnormality of most concern. 

Dietary therapy specific for the type of hyperlipoproteinemia is the initial treatment 
of choice. Excess body weight may be an important factor, and caloric restriction for 
weight normalization should be addressed prior to drug therapy in the overweight. 
The use of drugs should be considered only when reasonable attempts have been 
made to obtain satisfactory results with nondrug methods. If the decision ultimately is 
to use drugs, the patient should be instructed that this does not reduce the 
importance of adhering to diet. 

2) Cholestyramine resin is indicated for the relief of pruritus associated with partial 
biliary obstruction. Cholestyramine resin has been shown to have a variable effect on 
serum cholesterol in these patients. Patients with primary biliary cirrhosis may exhibit 
an elevated cholesterol level as part of their disease. 

CONTRAINDICATIONS 

Cholybar is contraindicated in patients with complete biliary obstruction where bile is 
not secreted into the intestine and in those individuals who have shown hypersensi- 
tivity to any of its components. 

PRECAUTIONS 

General: Before instituting therapy with Cholybar, diseases contributing to increased 
blood cholesterol such as hypothyroidism, diabetes mellitus, nephrotic syndrome, 
dysproteinemias and obstructive liver disease should be looked for and specifically 
treated. A favorable trend in cholesterol reduction should occur during the first 
month of cholestyramine resin therapy. The therapy should be continued to sustain 
cholesterol reduction. If adequate cholesterol reduction is not attained, cholestyra- 
mine resin therapy should be discontinued. 

Chronic use of cholestyramine resin may be associated with increased bleeding 
tendency due to hypoprothrombinemia associated with vitamin K deficiency. This will 
usually respond promptly to parenteral vitamin K;, and recurrences can be pre- 
vented by oral administration of vitamin Kı. Reduction of serum or red cell folate has 
been reported over long-term administration of cholestyramine resin. Supplementa- 
tion with folic acid should be considered in these cases. 

There is a possibility that prolonged use of cholestyramine resin, since itis a 
chloride form of anion exchange resin, may produce hyperchloremic acidosis. This 
would especially be true in younger and smaller patients where the relative dosage 
may be higher. 

Cholestyramine resin may produce or worsen preexisting constipation. Dosage 
should be reduced or discontinued in such cases. Fecal impaction and aggravation 
of hemorrhoids may occur. Every effort should be made to avert severe constipation 
and its inherent problems in those patients with clinically symptomatic coronary 
artery disease. 


Information for Patients: 

1. Inform your physician if you are pregnant or plan to become pregnant or are 
breast feeding. 

2. Cholestyramine resin may bind other drugs. Therefore, take other drugs at 


least one hour before or 4-6 hours after Cholybar (or at as great an interval as 
possible) to avoid impeding their absorption. 

3. Chew each bar thoroughly. 

4. Drink plenty of fluids. 





Laboratory Tests: Serum cholesterol levels should be determined frequently during 
the first few months of therapy and periodically thereafter. Serum triglyceride levels 
should be measured periodically to detect whether significant changes have 
occurred. 

The LRC-CPPT showed a dose-related increase in serum triglycerides of 10.7-17.1% 
in the cholestyramine-treated group, compared with an increase of 7.0-11.7% in the 
placebo group. Based on the mean values and adjusting for the placebo group, the 
cholestyramine-treated group showed an increase of 5% over pre-entry levels the first 
year of the study and an increase of 4.3% the seventh year. 

Drug Interactions: Cholestyramine resin may delay or reduce the absorption of con- 
comitant oral medication such as phenylbutazone, warfarin, chlorothiazide (acidic), 
as well as tetracycline, penicillin G, phenobarbital, thyroid and thyroxine prepara- 
tions, and digitalis. The discontinuance of cholestyramine resin could pose a hazard 
to health if a potentially toxic drug such as digitalis has been titrated to a mainte- 
nance level while the patient was taking cholestyramine resin. 

Because cholestyramine binds bile acids, cholestyramine resin may interfere with 
normal fat digestion and absorption and thus may prevent absorption of fat soluble 
vitamins such as A, D, and K. When Cholybar is given for long periods of time, 


Cholybar® 
(Cholestyramine Resin Bar) 


concomitant supplementation with water-miscible (or parenteral) forms of vitamins A 
and D should be considered. 

SINCE CHOLESTYRAMINE RESIN MAY BIND OTHER DRUGS GIVEN CONCUR- 
RENTLY, PATIENTS SHOULD TAKE OTHER DRUGS AT LEAST ONE HOUR BEFORE 
OR 4-6 HOURS AFTER CHOLYBAR (OR AT AS GREAT AN INTERVAL AS POSSIBLE) 
TO AVOID IMPEDING THEIR ABSORPTION. 

Carcinogenesis, Mutagenesis and Impairment of Fertility: In studies conducted in 
rats in which cholestyramine resin was used as a tool to investigate the role of various 
intestinal factors, such as fat, bile salts and microbial flora, in the development of 
intestinal tumors induced by potent carcinogens, the incidence of such tumors was 
observed to be greater in cholestyramine-resin-treated rats than in control rats. The 
relevance of this laboratory observation from studies in rats to the clinical use of 
cholestyramine resin is not known. In a large, placebo-controlled, multiclinic study, 
the Lipid Research Clinics Coronary Primary Prevention Trial (LRC-CPPT), the total 
incidence of fatal and nonfatal neoplasms was similar in both treatment groups. 
When the many different categories of tumors are examined, various alimentary 
system cancers were somewhat more prevalent in the cholestyramine group. The 
small numbers and the multiple categories prevent conclusions from being drawn. 
However, in view of the fact that cholestyramine resin is confined to the GI tract and 
not absorbed, and in light of the animal experiments referred to above, further follow- 
up of the LRC-CPPT participants is planned for cause-specific mortality and cancer 
morbidity. 

Pregnancy: Since cholestyramine resin is not absorbed systemically, it is not 
expected to cause fetal harm when administered during pregnancy in recommended 
dosages. There are, however, no adequate and well-controlled studies in pregnant 
women, and the known interference with absorption of fat soluble vitamins may be 
detrimental even in the presence of supplementation. 

Nursing Mothers: Caution should be exercised when Cholybar is administered to a 
nursing mother. The possible lack of proper vitamin absorption described in the 
“Pregnancy” section may have an effect on nursing infants. 

Pediatric Use: As experience in infants and children is limited, a practical dosage 
schedule has not been established. The effects of long-term drug administration, as 
well as its effect in maintaining lowered cholesterol levels in pediatric patients, are 
unknown. 

ADVERSE REACTIONS 

The most common adverse reaction is constipation. When used as a cholesterol- 
lowering agent, predisposing factors for most complaints of constipation are high dose 
and increased age (more than 60 years old). Most instances of constipation are mild, 
transient, and controlled with conventional therapy. Some patients require a 
temporary decrease in dosage or discontinuation of therapy. 

Less Frequent Adverse Reactions: Abdominal discomfort, flatulence, nausea, 
vomiting, diarrhea, heartburn, anorexia, indigestive feeling and steatorrhea, bleeding 
tendencies due to hypoprothrombinemia (vitamin K deficiency) as well as vitamin A 
(one case of night blindness reported) and D deficiencies, hyperchloremic acidosis in 
children, osteoporosis, rash and irritation of the skin, tongue and perianal area. One 
ten-month-old baby with biliary atresia had an impaction presumed to be due to 
cholestyramine resin after three days administration of 9 grams daily. She developed 
acute intestinal sepsis and died. 

Occasional calcified material has been observed in the biliary tree, including 
calcification of the gallbladder, in patients to whom cholestyramine resin has been 
given. However, this may be a manifestation of the liver disease and not drug related. 

One patient experienced biliary colic on each of three occasions on which he took 
cholestyramine resin. One patient diagnosed as acute abdominal symptom complex 
was found to have a “pasty mass’ in the transverse colon on x-ray. 

Other events (not necessarily drug related) reported in patients taking 
cholestyramine resin include: 

Gastrointestinal—Gl-rectal bleeding, black stools, hemorrhoidal bleeding, 

bleeding from known duodenal ulcer, dysphagia, hiccups, ulcer attack, sour taste, 

pancreatitis, rectal pain, diverticulitis. 

Hematologic—Prolonged prothrombin time, ecchymosis, anemia. 

Hypersensitivity—Urticaria, asthma, wheezing, shortness of breath. 

Musculoskeletal—Backache, muscle and joint pains, arthritis. 

Neurologic—Headache, anxiety, vertigo, dizziness, fatigue, tinnitus, syncope, 

drowsiness, femoral nerve pain, paresthesia. 

Eye— Uveitis. 

Renal—Hematuria, dysuria, burnt odor to urine, diuresis. 

Miscellaneous—Weight loss, weight gain, increased libido, swollen glands, edema, 

denta! bleeding. 

OVERDOSAGE 

Overdosage of cholestyramine resin has not been reported. Should overdosage occur, 
however, the chief potential harm would be obstruction of the gastrointestinal tract. The 
location of such potential obstruction, the degree of obstruction, and the presence or 
absence of normal gut motility would determine treatment. 
Caution— Federal law prohibits dispensing without prescription. 
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: a Loig Term. Prognosis of Transient Acute 
-Myocardial Ischemia at Rest 


Silva Severi, MD, Claudio Michelassi, Enrico Orsini, MD, Paolo Marraccini, MD, 
and Antonio L’Abbate, MD 


_A medical approach to treatment was adopted in 


652 patients with documented myocardial ischemia 
at rest during both the acute and follow-up phases. 
No patient underwent coronary revascularization 
‘during hospitalization and only 86 patients (13%) 
~ underwent coronary bypass surgery within 8 
‘months from discharge. During hospitalization 13 
patients died. In the remaining group (639 pa- 
tients), the likelihood of death in the 10-year period 
-after discharge was 28% for all patients and 20% 
for cardiac causes only. A series of factors studied 
‚during the acute stage were assessed in an effort to 
predict long-term outcome. The following noninva- 
sive characteristics, listed in decreasing order of 
statistical significance, were found to be significant 
univariate predictors of survival: abnormal basal 
electrocardiogram, duration of coronary artery dis- 
ease, previous myocardial infarction, pattern of ST- 
- T changes during episodes of ischemia at rest, age 
and systemic hypertension. The average annual 
mortality rate for patients with T-wave changes, 
ST-segment elevation and ST-segment depression 
‘was 0.9, 1.8 and 3%, respectively. The Cox surviv- 
al analysis identified abnormal basal electrocardio- 
gram, duration of coronary artery disease and pat- 
tern of ST-T changes as significant, independent 
‘predictors of death. When invasive characteristics 
were entered in the model, number of 250% nar- 
rowed coronary arteries, left ventricular ejection 
fraction, abnormal basal electrocardiogram and 
smoking habit were found to be independent and 
additive prognostic variables. Thus, long-term 
prognosis of patients with ischemia at rest is relat- 
ed to the severity of anatomic impairment, indepen- 
‘dent of the pattern of ST-T changes observed dur- 
ing the acute phase. However, noninvasive features 
can also be used to assess prognosis in ischemia at 
rest and to select high-risk populations. 
(Am J Cardiol 1989;64:889-895) 
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he impairment of left ventricular function and the 
extent of coronary artery disease are generally. 


accepted as accurate predictors of long-term ~ : 


prognosis in stable angina! and most of the noninva- 


sive parameters predictive of survival are related to — 
these conditions.*5 These findings generally apply to 


patients with unstable angina as well,®-® even if this syn- 


drome is associated with a higher mortality.2-!5 The oc- 
currence of ST-T changes during anginal episodes has 
been found to be an indicator of a high risk of immedi- =. 


ate or delayed myocardial infarction or death,!>-!8 _ 
although no agreement exists on the type of ST-T 


changes more frequently associated with an adverse 
short- and long-term prognosis.!3!6-20 We report a 10- 


year follow-up of patients with myocardial ischemia at _ 


rest and examine the main variables affecting prognosis. 


METHODS 

Patient population: The study is based on an origi- 
nal group of 652 consecutive patients with documented 
ischemia at rest, previously described.” Briefly, the cri- 
terion for entering the study was the occurrence, at rest, 
of either transient ST-segment elevation or T-wave 
changes or ST-segment depression, whether or not ac- 
companied by chest pain, documented during hospital- 
ization by continuous electrocardiographic monitoring 
in the coronary care unit and by 12-lead electrocardio- 
gram. Of the original 652 patients, 13 died during hos- 
pitalization. The remaining 639, followed-up for a peri- 
od ranging from 2 to 15 years, are the object of this 
study. The main clinical and angiographic characteris- 
tics of these patients are listed in Table I. Coronary ar- 
teriography was performed in 551 patients; a 250% re- 
duction in the internal diameter was considered signifi- 
cant. Left ventricular angiography was performed in 
527 patients and left ventricular ejection fraction was 
calculated by the modified area-length method. Patients 
with recent myocardial infarction (<1 month before ad- 
mission; 38 patients) or infarction during hospitalization 
(44 patients) were included in the study, whereas 423 
patients with chest pain at rest during hospitalization 
without accompanying ST-T changes on the electrocar- 
diogram were excluded. 


Surgical treatment: Very restrictive criteria were. __ Ss 
adopted to refer patients for coronary bypass surgery; in = 


fact, apart from those with left main coronary artery 
disease, all patients were discharged on medical thera- _ 
py, with the advice to undergo bypass surgery only 
the case of recurrence of symptoms. However, 18 p 
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TABLEL Clinical and danoneeoi ie craris 



























Entire population (%) 639 (100) 
Men (%) 576 (90) 
Age (yrs)* 5449 
Duration of ischemic heart disease (yrs)* 3.444 
Previous myocardial infarction (%) 274 (43) 
z- Recent myocardial infarction (<1 month).(%) 82 (13) 
ST-segment elevation during resting ischemia (%) 287 (45) 
ST-segment depression during resting ischemia (%) 247 (39) 
T-wave changes during resting ischemia (%) 105 (16) 
Asymptomatic episodes (%) 195 (30) 
Dysrhythmias during ischemic episodes (%) 117 (18) 
No. major coronary arteries narrowed 
250% in diameter (551 patients) 
0(%) 52 (10) 
1(%) 166 (30) 
2(%) : 140 (25) 
3(%) 150 (27) 
Left main coronary artery 43 (8) 
Left ventricular function (527 patients) 
Ejection fraction <40% (%) 108 (20) 
Ejection fraction >40% (%) 419 (80) 






: * Mean + standard deviation. 

















_ tients with left main coronary artery disease refused and 
_ 9 were unsuitable for surgery. Within 8 months from 
ote discharge, 70 patients underwent coronary bypass sur- 
gery on our advice, while it was a personal choice in 16 
additional patients; in the subsequent period of follow- 
up, 43 other patients underwent coronary bypass sur- 
gery: 14 after angina unresponsive to medical therapy 
and 29 following the advice of the family physician, 
based on the number of stenotic vessels and published 
reports of positive results of surgical treatment. 
Medical therapy: The elective treatment consisted of 
verapamil, administered alone or in combination with 


] nitrates during periods of recurrence fs 
standard dose of verapamil was 240 mg/day, taken — 
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SURVIVAL 












ymptoms. The- 





orally; it was increased to 480 mg/day during exacerba- 
tion phases. Isosorbide dinitrate was given sublingually 
(up to 5 mg/hour), transdermally or orally (up to 120 
mg/day). Nitrates. alone were administered in 68- pa- 
tients. Nifedipine was given in 60 patients at doses 
ranging from 30 to 80 mg/day. Although initially pre- 
scribed in 62 patients (in association with nitrates), 6 
blockers were subsequently replaced by verapamil in all 
but 5 patients. Low-dose aspirin (50 mg/day) was given. 
in the last 8 years. ; 

Follow-up: Follow-up began at hospital discharge. | 
Patients were seen in the outpatient clinic, for a period 
ranging from 2 to 15 years, at regular intervals of 4 to6 
months. Information about 80 patients, who did not at- 7 
tend. the scheduled appointments, was obtained from 
questionnaires, phone calls and family doctors. Informa- 
tion on time and mode of death was obtained from“ 
death. certificates, postmortem reports, family doctors 
and relatives. Five patients were lost to follow-up. 

Data analysis: Survival was analyzed by means of 
the Kaplan-Meier method, to achieve maximum use of 
follow-up data and for clarity of presentation. Survival 
rates were not calculated when <15 patients remained 
to be followed. To calculate mortality, only cardiac 
deaths were considered, but in the whole group both — 
cardiac and total mortality (all causes of death) were _ 
calculated. In the former case, patients who died from 
noncardiac causes were considered withdrawn alive. Pa- 
tients medically treated initially and afterwards under-.” 
going coronary bypass surgery were included in the fol- 
low-up until the time of surgery; their subsequent fol- 
low-up was censored (withdrawn alive). The influence 
of clinical and angiographic variables on prognosis was 
assessed by Mantel-Haenszel log-rank analysis. 





73.9 % — Card. death 
22.2 % — Tot. death 














FIGURE 1. Probability of surviving with 
increasing time in the entire group, com- 
puted considering only cardiovascular 
death (fop) and all death causes (bottom). 
The standard error is by ver- 
tical bars. Card = cardiac; Tot = total. 










































sive Univariate Predictors of Death for 639. 





Chi-square 


“Abriormal basal electrocardiogram 
Duration of ischemic heart disease 











Previous myocardial infarction 

| Pattern of ST-T changes during episodes 11.36 0.0008 
| Age 7.39 0.0066 
Hypertension 3.85 0.0499 
«Cholesterol 1.33 0.2487 
“Smoking habit 1.02 0.3117 
“| -Dysrhythmias during resting episodes 0.47 0.4927 
“|: Family history 0.31 0.5756 
Asymptomatic episodes 0.09 0.7650 
Diabetes 0.03 0:8574 

Sex ; i 


: Fe Obesity” 
: pe valies refer to the ares vele of cach eee Med separately ee 


Moreover, to identify potentially important prognos- 

tic variables, the individual effect of some variables on 
survival was evaluated with the use of the Cox regres- 
_ sion model (BMDP P2L, revised 1987). According to a 
_ stepwise selection process, variables were entered, or re- 
moved, from the regression equation on the basis of a 
_ computed significance probability (maximized partial- 
_ likelihood ratio). This allowed the identification of a 
-subset of variables, all of which had significant indepen- 
‘dent correlations with the time of occurrence of death. 
This analysis was performed on noninvasive variables 
for the entire population (age, sex, duration of coronary 
artery disease >1 year, hypertension, hypercholesterol- 
emia, family history, diabetes mellitus, obesity, smoking 

. habit, history of previous myocardial infarction, pattern 
of ST-T changes during resting episodes, presence of 
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electrocardiogram 
(bottom) at discharge. The 10-year life 
expectancy is far better in patients with 
normal basal electrocardiogram at the 
time of enrollment than in those with ab- 
normal tracing. The p value assessed by 
<.: Mantel-Haenszel log-rank analysis is 
- <0.0000. 
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TABLE ili Noninvasive and Inva: 
Death for 525 Patients 
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No. of major narrowed coronary arteries 44.83 
Left ventricular ejection fraction 42.92 
Abnormal basal electrocardiogram 33.88 
Previous myocardial infarction 18.53 
Duration of ischemic heart disease 14.29 
Pattern of ST-T changes during episodes 5.41 
Age 3.59 
Hypertension 3.48 
Smoking habit 2.17 
Diabetes 0.88 
Dysrhythmias during resting episodes 0.87 
Cholesterol 0:65 
Family history 0.52: 
Sex 0.13 
Obesity 0.07 
Asymptomatic episodes 


arrhythmias or conduction dintsvbances-—-tiherning; 

geminy, ventricular tachycardia, ventricular fibrillati 
second- and third-degree atrioventricular block—di 
episodes at rest and presence of asymptomatic episc 
and on both noninvasive and invasive variables (nu: 
of diseased vessels and left ventricular ejection fra 
<40%, both available in 525 patients). The relative 
for each independent variable was expressed as the ex 
ponent of the coefficient of the variable in the hazard 
equation and was directly proportional to the risk 
brought by that variable to the model. : 


RESULTS mee 

Of the 639 patients, 111 died during follow-up: aa 
from acute myocardial infarction, 32 suddenly, 17 from 
heart failure and 29 from noncardiac causes. Deaths _ 




















Abnormal basal electrocardiogram 
Duration of ischemic heart disease 
Pattern of ST-T changes during episodes 


35.922 
18.224 





No. of major narrowed coronary arteries 44.831 
Left ventricular ejection fraction 22.177 
Abnormal basal electrocardiogram 13.083 
Smoking habit 5.283 


were more frequent in the first 6 months of follow-up 
(17%): 10 occurred within 3 months and 8 from 3 to 6 
`< months after discharge. Survival in the whole group is 
shown in Figure 1. Considering all causes of death, sur- 
vival probabilities at 1, 3, 5 and 10 years of follow-up 
were 95, 89, 84 and 72%, respectively; considering only 
-cardiac deaths they were 96, 91, 87 and 80%, respec- 
tively. Thus, for the whole group the average annual 
cardiac mortality was 2%, although higher during the 
first 3 years of follow-up than in subsequent years. 

- Tables II and HI list the univariate predictors of 
death according to. Cox survival analysis. Considering 
noninvasive variables, the most important univariate 
predictors of survival were: abnormal basal electrocar- 


- diogram, duration of ischemic heart disease, previous 


‘myocardial infarction, age, pattern of ST-T changes 
during ischemia at rest and hypertension. The occur- 


TABLE IV Significant Noninvasive Predictors of Death According to a Stepwise Regression Model for 639 Patients* 


Chi-square 


Chi-square 











Relative Risk ; 
(95% confidence interval) 


(3.07) 9.77 (31.09) 
(1.44) 2.36 (3.87) 
(1.17) 1.63 (2.27) 

























Relative Risk 
(95% confidence interval) 







0.000 (1.36) 1.77 (2.29) 
0.000 (1.72) 2.91 (4.91) 
(1.75) 7.32 (30.55) 












(0.28) 0.49 (0.87) 





rence of arrhythmias during ischemia at rest as well as 
the presence of asymptomatic episodes were not signifi- 
cant predictors. Figure 2 shows the survival curves of all 
patients subdivided according to normal and abnormal 
basal electrocardiographic tracing. Figure 3 shows the 
survival probabilities according to the type of ST-T 
changes during angina at rest. No difference could be 
found between the subgroup with T-wave changes and 
the subgroup with ST-segment elevation, whereas a sig- 
nificant difference was observed between patients with 
T-wave changes or ST-segment elevation and those with 
ST-segment depression. 5 
A stepwise regression procedure selected 3 noninva- 
sive variables as independent and additive predictors of 
death (Table IV): abnormal electrocardiogram in basal 
conditions, duration of coronary artery disease and pat- 
tern of ST-T changes during ischemia at rest. When the 
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FIGURE 3. Survival (cardiac deaths) in pa- 
tients with T-wave changes during angina 
at rest (top), in those with ST-segment 
elevation (middie) and in those with ST- 
segment depression (bottom). The aver- 
age annual mortality rate is higher in 
patients with ST-segment depression 

than in the other 2 groups (p <0.05). 
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angiographic findings are entered in the Cox model, 
“number of stenotic vessels and left ventricular ejection 
fraction were the most significant independent predic- 
tors of death, followed by basal electrocardiogram and 
‘smoking habit (Table V). The low relative risk of smok- 
ing indicates that smoking is favorably related to long- 
. term prognosis. This paradox can probably be attribut- 
ed to the fact that patients were advised to stop smoking 
and only smokers could benefit from quitting. The type 
of ST-T changes during ischemia at rest ceased to be a 
significant predictor of long-term prognosis. Figure 4 
shows survival calculated by taking into account both 
electrocardiographic changes (ST-segment elevation or 
depression) during ischemia at rest and number of ste- 
notic vessels: survival rates in patients with ST-segment 
elevation were slightly lower than those of patients with 
ST-segment depression and the same number of stenot- 
ic vessels; however, the differences were not statistically 
significant. The analysis was also carried out consider- 
ing both electrocardiographic changes (ST-segment ele- 
vation or depression) and left ventricular function (Fig- 
ure 4); again, no statistically significant difference in 
survival was found in the groups with ST-segmen: ele- 
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vation and depression, respectively, when considered ac- 
cording to left ventricular ejection function. Survival 
curves for patients with T-wave changes and different 
coronary and ventricular alterations are not reported, 
due to the low numbers. 


DISCUSSION ee 
This study defines long-term prognosis and the fac- 
tors influencing prognosis in patients with ischemic epi- 
sodes at rest. Although very restrictive criteria were — 
adopted when suggesting bypass surgery, the late sur- 
vival of our patients is good, considering that many had ~ 
impaired left ventricular function, a few were inopera- 
ble and some had postinfarction ischemia. It is difficult 
to compare our results with those of other studies, be- 
cause our clinical definitions are different,?!!-!> but 
essentially because the follow-up in the other studies is 
either shorter,?-!9 or based on a smaller number of pa- 
tients.!9 In patients with unstable angina managed med- 
ically over the past 10 years, the reported first-yea 
mortality ranges from 5.5 to 14%®!!->18 and averages 
from 3.4 to 6% annually in the longer follow-up stud 


ies,'213.18.21 being therefore higher than ours. The rea 
r a 
























son for such a low mortality rate in our patients is prob- 
ably more effective drug therapy, based mainly on calci- 
um antagonists. Although the late survival in surgically 
treated patients with unstable angina seems to be better 
than in our patients,”* there is no clear evidence from 
randomized trials that surgery decreases mortality in 
these patients.23 However, recent studies indicate that 
predictions based on multivariate Cox analyses of obser- 
vational data are in close agreement with the results ob- 
served in randomized trials.?4 In accordance with the 
results of other studies, long-term prognosis was found 
to be related to left ventricular function and coronary 
anatomy.78.18 
Unfortunately, only a few studies report the separate 
long-term outcome of patients with different ST-T 
changes during the acute phase. In medically treated 
patients with ST-segment elevation, Waters et al25 and 
Mark et al% reported a higher cardiac mortality than 
ours, probably because they had the follow-up period 
Starting with cardiac catheterization, and in-hospital 
mortality was thus included in the survival curves. Rus- 
sel et al!? found an in-hospital and late (1 to 2 years) 
overall mortality rate of 7% in 42 patients with ST-seg- 
ment elevation and 11% in those with ST-segment de- 
pression or T-wave changes. These findings were not 
statistically significant, probably because of the small 
sample size. In our experience patients with ST-segment 
elevation, although having a poor prognosis during the 
acute phase,”? have a better long-term prognosis when 
compared to patients with ST-segment depression. 
Among noninvasive variables, Cox survival analysis 
identified the type of ST-T changes during ischemia at 
rest as a predictor of death; however, this ceased to be a 
significant independent predictor when invasive vari- 
ables (left ventricular function and coronary anatomy) 
were entered in the model. Thus, once the acute phase is 
over, prognosis is independent of the severity of isch- 
emia during the acute phase of the disease (type of ST- 
T changes). In fact, when patients with ST-segment ele- 
vation and depression with similar ventricular function 
and coronary anatomy are compared, long-term surviv- 
al is the same. This does not imply that dynamic fac- 
tors, generally accepted as causes of acute reduction of 
coronary flow and therefore of ischemia at rest,?”.?8 play 
no relevant role during the follow-up. In a previous se- 
_Ties of patients with ST-segment elevation, all the pa- 
tients who died or had acute myocardial infarction dur- 
ing follow-up were, in the same period, symptomatic for 
_ angina at rest.?? Moreover, some patients had anginal 
episodes at rest with different electrocardiographic pat- 
_ terns not only during hospitalization, but also in differ- 


-ent periods of life. If the occurrence and the degree of 


: dynamic factors vary with time, it is reasonable to sup- 
-pose that severe complications will occur more frequent- 
_ ly in the presence of 2 adverse conditions (i.e., severity 

_of dynamic factors and severity of anatomic factors). In 
ddition, it was found that one of the most important 
variables affecting prognosis is basal electrocardiogram: 
10-year cardiac mortality is 4% in patients with normal 

















electrocardiograms and 27% in those with abnormal. 


electrocardiograms. This simple technique, especially if 
associated with patient’s history (age, duration of isch- 
emic heart disease, history of a previous myocardial in- 
farction), allows identification of patients with a low 
risk of cardiac death, in whom surgery is very unlikely 
to improve survival. 
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in 8 patients aged 8 to 17 years with congenital 
complete atrioventricular (AV) block, exercise test- 
ing was performed on a treadmill. Cardiorespira- 
tory endurance performance was assessed by de- 
termination of the ventilatory threshold. The mean 
value for ventilatory threshold was significantly 
lower (p <0.005) than the normal mean value and 
averaged 76 + 16%, 75 + 17% and 75 + 16% of 
the predicted normal value in children of the same 
sex and comparable age, weight and height, re- 
spectively. The ventricular rate at rest varied from 
36 to 56 beats/min and increased to a mean value 
of 106 + 25 on exercise. When expressed as a per- 
-centage of the normal value, the heart rate was 
subnormal (below the 95% confidence limit) in all 
patients, throughout different exercise levels. For 
the same exercise intensity the oxygen uptake, ex- 
‘pressed as ml/min/kg, was significantly lower e 
:<0.02) in patients than in normal individuals. This 
suggests an inadequate hemodynamic adjustment 
-to the relative exercise bradycardia and a higher 
_ than normal anaerobic/aerobic energy supply. Ex- 
ercise testing was found to be useful in the assess- 
“ment of congenital AV block, because the resting 
heart rate did not permit prediction of the relative 
exercise bradycardia or the degree of exercise 
intolerance. 
(Am J Cardiol 1989;64:896-899) 
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atrioventricular (AV) block fail to increase ade- 

quately their ventricular heart rate, one of the 
major factors in the adjustment of cardiac output to 
metabolic needs. Most exercise studies in children with 
this condition were maximal exercise tests, 5 which 
may be limited to an unknown extent by lack of motiva- 
tion of the patient to perform a true maximal effort or 
by the development of symptoms. We analyzed respira- 
tory gas exchange during submaximal exercise and de- 
termined the ventilatory threshold®® in a group of pa- 
tients with congenital AV block. In previous studies the 
ventilatory threshold has been shown to be a sensitive 
measure for discrimination of subnormal from normal 
cardiorespiratory exercise performance in adult cardiac 
patients? and in children after correction of tetralogy of 
Fallot.!® 


D uring exercise, patients with congenital complete 


METHODS 

Patients: Eight patients with congenital complete - 
AV block (7 boys and 1 girl) were studied (Table I). 
Age at exercise testing varied from 8 to 18 years (medi- 
an 11). In 7 patients the diagnosis had been made in 
infancy. In the remaining child the AV dissociation was 
intermittent in the first year of life and later changed 
to permanent block. Patients with associated cardiac 
anomalies, surgically induced block or a history of an 
illness predisposing to acquired block were excluded. 
The atrial and ventricular heart rates at rest before ex- 
ercise are listed in Table I. Ambulatory 24-hour electro- 
cardiograms were obtained in all patients. With the ex- 
ception of 2 children who occasionally complained of 
dizziness, all patients were asymptomatic. 

Exercise testing procedures: The methods used 
have already been reported in detail.!°!! Exercise test- 
ing was performed on a treadmill. The inclination was 
increased stepwise by 2%/min until the child had to in- 
terrupt exercise because of exhaustion or until a plateau 
of the ventricular rate was observed with increasing ex- 
ercise intensity during at least 2 increments. The elec- 
trocardiogram and heart rate were monitored continu- 
ously from a bipolar lead, starting 2 minutes before ex- 
ercise, during exercise and extending during 10 minutes 
of recovery. Cardiorespiratory endurance performance 
was assessed by the determination of the ventilatory 
threshold, expressed in ml Q2/min/kg or in units of 
time (minutes). It was determined as the exercise inten- 
sity at which the ventilatory equivalen! for 9: (Ve / Yo i 
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Started to increase without a concomitant increase in 
the ventilatory equivalent for CO, (Ve/VCO)).°8 The 
- values for ventilatory threshold and VO, were com- 
-pared with normal values obtained in 234 healthy chil- 
_ dren.'' The heart rate, expressed as a percentage of the 
_ age-predicted normal value,!! was considered to be sub- 
formal when it decreased below the 95% confidence 
limit. The deficit between heart rate at rest and during 
exercise was defined as the difference of the lower limit 
of the age-predicted normal value!? and the heart rate 
measured at rest in the recumbent position and during 
maximal exercise. 

Differences between mean values were calculated by 
analysis of variance or a Wilcoxon signed rank test, 
where appropriate. The Pearson method for correlation 
analysis was used. The dispersion of data is given by the 

_ standard deviation of the mean and in normal children 
also by the 95% confidence limits. 


‘RESULTS 
The test was interrupted in 3 patients (nos. 4, 6 and 
8) because of exercise intolerance. In the remaining 5 
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Age at Heart Rate at Rest* 

Testing 
Pt (yrs), Sex Atrial Ventricular 
1 11,F 65 36 
2 9,M 62 46 
3 10, M 80 54 
4 17,M 60 42 
5 8,M 90 56 
6 18,M 90 48 
7 17,M 54 46 
8 9,M 64 41 


* Heart rate (in beats/min) at rest in the recumbent position, 10 minutes before exercise testing. 
1A = isolated premature ventricular beats <30/hour and <1 /min; 2 = premature ventricular beats >30/hour or >1/min; 3 = multifocal ventricular premature beats. 
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TABLE il Ventilatory Threshold in Eight Patients with ape 
Congenital Complete Atrioventricular Block te 


vt 














Pt ml Q2/min/kg Age (% pred) Weight (% pred) Height (% pred). a 
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% pred = percentage of predicted normal value; VT = ventilatory threshold. oe 



















patients the test was terminated when the ventricular 
rate had reached a plateau during graded exercise. = 
The mean value for ventilatory threshold, which 
could be determined in all patients, was significantly 
lower (p <0.005) than the mean value in healthy chil- 
dren of the same sex and comparable age, weight and 
height. It averaged 76 + 16% of the normal mean value 
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obtained 
and 75 + 16% of the mean value obtained in normal 
children of the same weight and height, respectively. In- 
-dividual values (Table II) varied from normal (101% of 
the age-predicted normal value in patient 7) to severely 
reduced (53% of the normal mean value in patient 6). 
© = During exercise the ventilatory threshold was ex- 
ceeded sooner than normal in 6 of the 8 patients. When 
-expressed in units of time, it was reached at 2.6 + 1.6 
versus 3.9 + 1 minute in normal children matched for 
sex and age. The difference was statistically significant 
„(p <0.05). In 3 patients in whom the exercise test was 
_ repeated, the ventilatory threshold was subnormal at the 
`i first evaluation and remained subnormal at subsequent 
assessments (Figure 1). 
The heart rate at rest and before exercise varied 
from 36 to 56 beats/min. During exercise it increased to 
a mean value of 106 + 25 beats/min. When expressed 
“as a percentage of the age-predicted normal value, the 
heart rate was subnormal in all patients, throughout dif- 
->> ferent exercise levels (Figure 2). Heart rate at rest was 
¿not correlated (r = —0.19, p >0.25) with maximal 
heart rate achieved during exercise. Neither was the 
-deficit of heart rate at rest related with the deficit of 
maximal heart rate during exercise (r = 0.24, p >0.25). 
This relative bradycardia was associated with an oxygen 
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uptake, expressed i in ml/min/kg, that was sigoifcantiy xe 
lower throughout all exercise levels (p <0.02) than the — 
values obtained in normal children of the same sex and 
age (Figure 3). In 2 patients (nos. 5 and 6) ventricular 
ectopic beats were observed during exercise and in the 
recovery period. These 2 patients were found to have 
the lowest values for ventilatory threshold. Heart rate in 
these children increased to 136 and 115 beats/min, re- 
spectively. No widening of the QRS complexes was ob- 
served in any patient during exercise or during the re- 
covery period. No significant relation (r = —0.42, p 
>0.25) was found between the value for heart rate at 
rest and the ventilatory threshold, expressed as a per- 
centage of the age-predicted normal value. 


DISCUSSION 

Acceleration of the heart rate is a major factor con- 
tributing to exercise-induced increase in cardiac out- 
put!? and, consequently, tissue oxygen delivery. As 
shown in this and previous studies,!414-17 children with 
congenital complete AV block are unable to increase 
their ventricular rate to the same extent as normal chil- 
dren. The lack of correlation between exercise perfor- 
mance and the increase of ventricular rate during exer- 
cise suggests that these patients tend to increase cardiac 
output independently from ventricular rate by using. 
compensatory mechanisms.**+!8 In hemodynamic stud- 
ies in children with congenital AV block, it was found 
that an increase in stroke volume and, to a lesser extent, 
a widening of the arteriovenous oxygen difference may. 
compensate for the reduced heart rate response. Radio- 
nuclide angiographic studies have shown that the higher 
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stroke ewe resulted from an increase in i énd-diastolic 


‘volume and a more efficient Frank-Starling mecha- 
nism." l 

Despite these compensatory mechanisms, the VO, 
during submaximal exercise was significantly lower in 
our patients with congenital AV block than in normal 
children of the same sex and comparable age. Similar 
results have been reported by Hansen et al!9 in adult 
patients with circulatory dysfunction, where the relation 
between VO, and work rate was significantly lower 
than in normal subjects. Our finding that hyperventila- 
tion during exercise starts earlier and that the ventila- 
tory threshold is lower in patients with complete AV 
block than in normal subjects, supports the hypothesis 
that tissue oxygen delivery i is impaired. These data also 
correspond with the i impression that these patients per- 
ceive the same exercise level as heavier and more ex- 
hausting than normal children. One-third of our pa- 
tients had to interrupt the test at a lower than normal 
level of exercise intensity because of fatigue. A low ven- 
tilatory threshold, dyspnea and decreased exercise toler- 
ance have been observed to occur concomitantly and 
have been attributed to a higher than normal ratio of 
anaerobic/aerobic energy supply.*”° Although the pre- 
cise mechanisms responsible for the early lactate pro- 
duction during exercise are not yet fully understood, 
previous studies’® have shown that lactate accumula- 
tion and ventilatory threshold occur concomitantly in 
both normal subjects and patients with heart disease. 

Subnormal exercise performance capacity in chil- 
dren and adolescents with complete AV block has been 
reported in previous studies! but normal values for en- 
durance performance have also been observed.!:45:!7 In 
the present study a reduced cardiorespiratory endurance 
capacity was found in 7 of 8 children with AV block. 
This high incidence of subnormal values is probably due 
to the sensitivity of the method we elected to use. In a 
study of cardiorespiratory performance in children after 
surgical correction for tetralogy of Fallot,!° the ventila- 
tory threshold method was found to be more sensitive 
than other indexes of aerobic function, such as the VO) 
reached at a heart rate of 170 beats/min. An additional 
advantage of the ventilatory threshold method, particu- 
larly in patients with complete AV block, is its indepen- 
dence of heart rate response. It also represents the exer- 
cise intensity that can be sustained for a long period of 
time, without accumulation of lactate’® and may be 
“considered to be a measure of the functional capacity 
that is pertinent to daily activity. 

The occurrence of ventricular ectopy during exercise 
in some of our patients is in accordance with previous 
studies.?4,°.16.17.21.22 In the present study the lowest val- 
ues for cardiorespiratory endurance capacity were 
found in the 2 patients who developed ventricular ar- 
rhythmia during exercise, which is in agreement with 
previous observations.”! 

In a long-term follow-up study of the clinical out- 
come of patients with congenital heart block, Dewey et 
al? presented evidence that a mean daytime junctional 

rate of <50 beats/min was usually associated with car- 


_ diac symptoms such as syncope or excessive fatigue and 
hat it should be viewed as a risk factor for "sudden 2 








23. Dewey RC, , Capeless MA, Levy AM, Use of ainbalatory electrocardiograph- 
: iç monitoring to identify high-risk Patients v with congenital plete heart block. 


























death, We found that the 3 patients who had to inter- 
rupt exercise because of exhaustion had a resting ven: 
tricular rate <50 beats/min. All 3 had a strikingly low 
ventilatory threshold (<70% of the age-predicted nor- 
mal value). However, the highest values for ventilatory _ 
threshold were also observed in patients with a resting 
heart rate <50 beats/min. This clearly shows that the © 
individual exercise response could not be predicted from — 
the resting heart rate and that respiratory gas exchange 
can be used as an independent variable in the assess- 
ment of the functional capacity in patients with conget” 
ital AV block. 
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of Ventricular Arrhythmia During Spontaneous 
l Ischemic ST-Segment Depression 


Gioia Turitto, MD, Egidio Zanchi, MD, Angela Maddaluna, MD, Adalberto Pellegrini, MD, 
Anna Lisa Risa, MD, and Pier Luigi Prati, MD 


Ventricular arrhythmias during transient myocardi- 
al ischemia were studied in 60 patients with spon- 
taneous angina and >1 ischemic attack with ST- 
segment depression during 24-hour ambulatory 
electrocardiography. The patients were divided into 
2 groups: group 1, 10 patients (17%) who devel- 
oped ventricular arrhythmias during 26 of 92 
(28%) ischemic attacks; and group 2, 50 patients 
who did not show this phenomenon. Daily ischemic 
attacks, total ischemic time and the proportion of 


‘symptomatic ischemic attacks were significantly 


greater (p <0.01) in group 1 versus group 2. In 
: group 1 patients, ischemic attacks were found to 

-< have twice the duration in the presence of arrhyth- 

-mias than in their absence (20.4 + 11.9 vs 9.1 + 
8.4 minutes, p <0.01); arrhythmias were more 
common during symptomatic than during silent 
ischemic attacks (39 vs 13%, p <0.02). Arrhyth- 
~: mias occurred at the onset or peak of ST-segment 

depression (ischemia phase) in 6 cases (60%), dur- 
ing the resolution of ST-segment depression (recov- 
ery phase) in 2 cases (20%) and during both 
-phases of ischemic attacks in the remaining 2 
(20%). When compared to recovery phase arrhyth- 
. “mias, ischemia phase arrhythmias were character- 
~ ized by a later onset time (173 + 144 vs 58 + 54 
: «seconds, p <0.01) and a longer duration (105 + 

- 107 vs 41 + 22 seconds, p <0.01). During the 
ischemia phase, 16 of 353 ventricular premature 
complexes initiated ventricular tachycardia, while 
during the recovery phase only 1 of 161 ventricular 
- premature complexes resulted in ventricular tachy- 
cardia (4.5 vs 0.6%, p <0.02). Thus, ventricular 


-oo arrhythmias may accompany spontaneous ischemic 


: ST-segment depression, when the latter is recur- 
rent, prolonged and symptomatic; arrhythmias are 
`=: characterized by a greater frequency, duration and 
malignancy during the ischemia phase than during 
the recovery phase of ischemic attacks. 
(Am J Cardiol 1989;64:900-904) 
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and ventricular arrhythmias is well known. Sev- 

eral studies documented that up to 50% of pa- 
tients with variant angina develop arrhythmias during 
transient ST-segment elevation detected with 24-hour 
ambulatory electrocardiogram.'* In patients with sta- 
ble angina, complex ventricular arrhythmias may be 
elicited by exercise testing in approximately one-third of 
cases.’ The same category of patients, when studied by 
ambulatory electrocardiogram, may exhibit ventricular 
arrhythmias during transient ischemic ST-segment de- 
pression in a comparable percentage of cases.® On the 
other hand, data are scanty concerning the frequency 
and characteristics of ventricular arrhythmias in pa- 
tients with spontaneous angina who manifest ST-seg- 
ment depression during ischemic episodes.™!! More- 
over, the value of these observations is limited by the 
fact that they were based on recording techniques (coro- 
nary care unit monitoring or conventional electrocardio- 
grams obtained during chest pain) that consistently un- 
derestimate the number of ischemic attacks and their 
related arrhythmias.'* In the present report, we pro- 
spectively evaluated 60 patients with spontaneous angi- 
na and transient ST-segment depression during isch- 
emic attacks. Using 24-hour ambulatory electrocardi- 
ography, we assessed the following characteristics of 
ventricular arrhythmias: frequency; relation to the num- 
ber, duration and severity of ischemic attacks and to the 
presence or absence of angina; time course during isch- 
emic attacks; and malignancy. 


T he relation between transient myocardial ischemia 


METHODS 

Population: Candidates for this study were all pa- 
tients admitted to our hospital for symptoms consistent 
with spontaneous angina and underwent a 24-hour am- 
bulatory electrocardiogram in the absence of any thera- 
py except sublingual nitrates, if needed. The index re- 
cording was obtained within 24 hours of admission if 
the patients were on no medications, or 24 hours after 
the withdrawal of any previous antianginal treatment. 
The study group included 60 patients who, in the course 
of their admission, fulfilled the following criteria: (1) 
presence of 21 ischemic attack with ST-segment de- 
pression during the ambulatory electrocardiogram; (2) 
availability of a 12-lead electrocardiogram showing ae 
transient ST-segment depression 21 mm in 21 stan- 


dard Teads other than aVR oe spontaiiegus chest — e 





< pain; (3) absence of recent (<3 weeks) myocardial in- 
_farction, left ventricular aneurysm, bundle branch block 
or ventricular arrhythmias unrelated to ischemic at- 
tacks; and (4) documentation of coronary artery disease 
by angiographic studies (42 cases) or by history and 
electrocardiographic criteria of prior myocardial infarc- 
tion (11 cases). In 7 additional patients in whom no 
significant coronary artery disease was detected by an- 
giography, transient vasospasm (discrete or diffuse re- 
duction in diameter of 1 major coronary artery) and 
ST-segment depression were induced by the administra- 
tion of ergonovine during angiography. Spontaneous an- 
gina had a recent onset (<1 month) in 20 previously 
asymptomatic patients and in 8 with a history of exer- 
tional angina; all the remaining 32 patients had a histo- 
ry of both exertional and spontaneous angina for 21 
month. At the time of admission, angina was stable in 
17 patients and worsening in 15; 25 patients were not 
taking any antianginal medications, 9 were receiving 
therapy with nitrates, 17 with calcium antagonists and 9 
with both types of drugs. 
electrocardiogram: Two-channel am- 
bulatory electrocardiograms were recorded with Avion- 
ics portable units (model 445) and analyzed with Avi- 
onics replay unit (model 660). The patients were in- 
structed to press an “event button” on the recorder in 
case of chest pain. This formed the basis for distinguish- 
ing silent from symptomatic ischemic attacks. The ST- 
segment shifts and ventricular arrhythmias were detect- 
ed by examining: (1) the oscilloscopic replay of the trac- 
ing scanned at 120 times real-time; (2) the plots of the 
ST-segment level and heart rate obtained from both 
channels at a paper speed of 1 mm/s; and (3) the tran- 
scription at a paper speed of 25 mm/s of all parts of the 
recording that were judged to be consistent with isch- 
emia or arrhythmia on the basis of the high-speed anal- 
ysis and the ST level printouts.° 
Ischemic attack was defined as any episode of tran- 
sient ST-segment depression 21 mm from baseline or 
from the control level if resting ST-T abnormalities 
were present, having gradual onset and regression and 
lasting 21 minute. In each ischemic attack, heart rate 
was determined: during the minute before the onset of 
ST-segment depression; at 1 mm of ST-segment depres- 
. sion; and at the peak of ST-segment depression. Each 
ischemic attack was divided into 2 phases, based on the 
analysis of the real-time tracing: ischemia phase, begin- 
ning with the onset of ST-segment depression, including 
its peak up to the onset of the resolution of ST-segment 
depression; and recovery phase, beginning with the on- 
set of the resolution of ST-segment depression up to the 
return of the ST segment to the control level. 
Ventricular arrhythmias were defined as a bigeminal 
or trigeminal ventricular rhythm for 25 consecutive cy- 
cles, early ventricular premature complexes showing the 
R on T phenomenon,'3 ventricular couplets, ventricular 
„tachycardia (23 ventricular premature complexes at a 
-rate >100/min) or ventricular fibrillation. Ventricular 
_ arrhythmias were classified as ischemia or recovery. ar- 


(Syne, according to the phase during which ea 








occurred. For both ischemia and recovery phase a 
rhythmias, the following characteristics were deter- 
mined: latency (time interval between the beginning of _ 
the phase and the onset of the arrhythmia) (Figure 1); 


duration (time interval between the first and last ven- © 
tricular premature complex) (Figure 1); rate of ventric- . 


ular premature complexes (number of ventricular pre- _ 
mature complexes/min); and vulnerability index (ratio . 

between the number of ventricular premature complex- 
es initiating ventricular tachycardia or fibrillation and 
the total number of ventricular premature complexes - 
seen during the phase) (Figure 1). 


Statistical analysis: Data from patients with or 
without arrhythmogenic ischemic attacks were com- 


pared. In patients with ventricular arrhythmias, a com- 


parison was made between ischemic attacks with or | 


without arrhythmias, as well as between arrhythmias _ 


recorded during the 2 phases of ischemic attacks. The 


unpaired 2-tailed Student ¢ test was used for continuous 


variables, while chi-square analysis and Fisher exact _ : 


test were used for discrete variables when appropriate. 
A p value <0.05 was considered statistically significant. 
Continuous variables were expressed as mean + stan- Ao 
dard deviation. o 


RESULTS o 
Among the 60 study patients, 10 (group 1, 17%) de- 

veloped ventricular arrhythmias during =1 spontaneous _ 

ischemic attack with ST-segment depression, while 50 ~ 

(group 2) did not show this phenomenon. 
Comparison 


between patients with or without ven- _ 


tricular arrhythmias: Clinical, electrocardiographic and 
angiographic variables of patients in groups 1 and 2 are 
listed in Table I. No significant differences were found 
between the 2 groups with regard to the age, sex, char- 
acteristics of spontaneous angina, extent of coronary ar- 
tery disease, mean duration and magnitude of ST-seg- 
ment depression during ischemic attacks. Moreover,- 
heart rate was similar in the 2 groups in each of 3 deter- 
minations: before ischemic attacks, at their onset and 
peak. On the other hand, 3 indexes were significantly 
greater (p <0.01) in patients with than in those without 
ventricular arrhythmias during ischemic attacks: the 
number of daily ischemic attacks, the total number of 
minutes during which ischemic ST-segment depression. 
was recorded, also defined as total ischemic time,'4 and- 
the proportion of symptomatic ischemic attacks. 
Characteristics of ischemic attacks with or without 
ventricular arrhythmias: Ventricular arrhythmias were 
observed during 26 (28%) of 92 ischemic attacks re- 
corded in group 1 patients. Arrhythmias were more fre- 
quent during symptomatic than during silent ischemic 
attacks, with a statistically significant difference (21 of 
54 [39%] vs 5 of 38 [13%], p <0.02). Differences in. 
heart rate during ischemic attacks with or without ar- 


rhythmias were not significant in any of 3 determina- ce 


tions: before the onset of ST-segment depression (68 + 


11 vs 72 + 11 beats/min, respectively), at 1 mm of ST- a . 
segment depression (75 + 15 vs 75 + 18 beats/min) 
and at the Peak of ate Heprestion os +9 vs 87 
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Clinical data 
Age (yrs) 
M/F 
Characteristics of spontaneous angina: 
Recent onset 
Worsening 
Stable 
Associated with exertional angina 
Ambulatory electrocardiogram data 
‘Ischemic attacks /24 hrs (n) 
Total ischemic time (min) 
Silent /symptomatic attacks 
Duration of ischemic attacks (min) 
Magnitude of ST depression at the peak of 
ischemic attacks (mm) 
Heart rate (beats /min): 
Before ST depression 
At 1 mm of ST depression 
At the peak of ST depression 
Coronary arteries with >50% reduction in diameter 


Continuous variables are expressed as mean + standard deviation; group 1 = ventricular arrhythmias during ischemic attacks; group 2 = no ventricular arrhythmias during 
ischemic attacks. * positive ergonovine testing. 
NS = not significant. 
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beats min). ; ‘Duration of ischemic attacks was 





the presence of arrhythmias than in their ab- 

- -+ 11.9 vs 9.1 + 8.4 minutes, p <0.01), 

while the magnitude of ST-segment depression was 

comparable during the 2 types of attacks (2.5 + 0.8 vs 

2.1 + 0.8 mm, difference not significant). Ischemic at- 

tacks with or without arrhythmias manifested a similar 

circadian distribution: in particular, the proportion of 

-. attacks with or without arrhythmias occurring between 

6:00 am. and 12:00 p.m. was 38 and 36%, respectively, 

while it was 27 and 17% between 12:00 p.m. and 6:00 

P.M, 8 and 27% between 6:00 p.m. and 12:00 am. and 27 

and 20% between 12:00 a.m. and 6:00 a.M., with no sta- 

tistically significant differences between the 2 types of 
attacks during the 4 study periods. 

Time course and malignancy of ventricular arrhyth- 
mias during ischemic attacks: Arrhythmias appeared at 
the onset or peak of ST-segment depression (ischemia 
phase) in 6 cases (60%), during the resolution of ST- 

-segment depression (recovery phase) in 2 cases (20%) 

< and during both phases of ischemic attacks in the re- 

-> maining 2 cases (20%). Of 26 ischemic attacks associ- 
“ated with arrhythmias, 15 (58%) presented this phe- 

< nomenon during the ischemia phase, 9 (35%) during the 

recovery phase and 2 (8%) during both phases. Ar- 
rhythmias consisted of a bigeminal or trigeminal 

rhythm in 22 ischemic attacks (85%), couplets in 10 

(38%), ventricular tachycardia in 6 (23%) and early 

ventricular premature complexes in | ischemic attack 

(4%). Analysis of arrhythmias recorded during the isch- 

emia or the recovery phase revealed significant differ- 

ences. Ischemia-related arrhythmias were characterized 

- by a longer latency (173 + 144 vs 58 + 54 seconds, p 

< -€0.01) and duration (105 + 107 vs 41 + 22 seconds, p 

< <0.01) with respect to recovery-related arrhythmias 

: (Figure 2). However, taking into account that the isch- 

emia phase lasted longer than the recovery phase (388 

+ 288 vs 123 + 61 seconds, p <0.01), the percent of 

time occupied by the arrhythmia in each phase was sim- 

ilar during the ischemia phase and the recovery phase 

(34 vs 41%, respectively, difference not significant). The 

rate of ventricular premature complexes was compara- 

ble during the 2 phases: 20 + 12 during the ischemia 
~.: versus 24 + 7 during the recovery (difference not signif- 

- icant). In contrast, the vulnerability index was higher 
“during the ischemia than during the recovery phase. In 


~~ fact, 16 of 353 ventricular premature complexes re- 


© sulted in ventricular tachycardia during the ischemia 
phase, while only 1 of 161 ventricular premature com- 
plexes initiated ventricular tachycardia during the re- 
covery phase. Thus, both the number and proportion of 
ventricular premature complexes initiating ventricular 
tachycardia were greater during the ischemia than dur- 
ing the recovery phase (4.5 vs 0.6%, p <0.02). 


DISCUSSION 
In patients with spontaneous angina, transient myo- 
cardial ischemia may present with an. electrocardio- 














: graphic panem of transient ST “segment elevation or a 


ST iëgment depression aid, i in bolh c cases, a may be 
associated with ventricular tachyarrhythmias.?!! There _ 
is evidence that ischemic ST-segment depression is less 
commonly accompanied by arrhythmias, as compared 

to ST-segment elevation.?-!! This phenomenon was at-. 
tributed to the lesser severity of the former type of isch- 
emia with respect to the latter.»!5 However, no stud 

has explored the determinants for the occurrence of | 
ventricular arrhythmias during spontaneous ischemic 
ST-segment depression, or the time course and malig 
nancy of these arrhythmias. 

The present study confirmed the lower arrhythmo- | 
genic potential of ischemia with ST-segment depression : 
with respect to ST-segment elevation. In our series, 17% 
of patients had ventricular arrhythmias during ischemic | 
attacks with ST-segment depression, a figure that is. 
smaller than those previously found by our group>* and 
others'4 in variant angina (39 to 48%). Arrhythmias 
could be considered as a marker of the activity of the 
disease; in fact, they appeared in patients with recurren 
and prolonged ischemia during the 24-hour study peri 
od. The total number of ischemic attacks and minutes 
of ischemia was twice as high in patients with than i 
those without arrhythmias. On the contrary, heart rate 
changes did not seem to play a role in the arrhythmo- 
genesis, because they were similar during ischemic at 
tacks with or without arthythtnias; this was also thi 
case in a study of stable angina.* Moreover, coronary — 
angiographic data did not distinguish between cases 
with or without arrhythmias, thereby duplicating a fea- 
ture of variant angina.>!6!? Analysis of arrhythmias. 
documented their concentration during prolonged and ~ 
symptomatic attacks, corroborating their value as an in- 
dex of the severity of ischemia. Our data regarding the oo 
circadian distribution of ischemic attacks were at vari- 
ance with those reported for variant angina!!® and- 
chronic stable angina.!4!9 In fact, we did not observe 
the nocturnal peak in the frequency of ischemic attacks ` 
demonstrated in variant angina, or the early morning 
surge recorded in outpatients with stable coronary ar- 
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FIGURE 2. Duration of the 2 phases of ischemic attacks and i ie 
duration of their related ventricular arrhythmias. The ischemia 
phase ts shown on tie eft, the recovery phase oh tho Hight ae 





tery disease. Differences i in the precipitating factors for. 


transient myocardial ischemia in the various anginal 
syndromes may partly explain these discrepancies. 
However, the uniform daily distribution of our arrhyth- 
mogenic attacks was not consistent with the document- 
ed morning increase in the onset of sudden cardiac 
death.202! 
<- Arrhythmias accompanying transient myocardial 
ischemia may be classified according to the phase of the 
ischemic attack during which they occur. In patients 
: with transient ST-segment elevation during ischemic at- 


z tacks, arrhythmias were commonly divided into 2 cate- 


- gories, based on electrocardiographic criteria: occlusion 
arrhythmias, appearing at the onset and peak of ST- 
segment elevation, and reperfusion arrhythmias, coinci- 
dent with the resolution of ST-segment elevation.23.5.6 
When ischemic attacks present with ST-segment de- 
pression, a similar denomination may not be entirely 
correct, because occlusive vasospasm may not be the 
prominent pathogenetic mechanism in these attacks,!!.!4 
Thus, in our study ventricular arrhythmias were simply 
defined as “ischemia phase” arrhythmias, if they were 
recorded at the onset or peak of ST-segment depression, 
or “recovery phase” arrhythmias, if they were noted 
during the resolution of ST-segment changes. Ischemia 
phase arrhythmias proved to be significantly different 
from recovery phase arrhythmias with regard to their 
prevalence, time course and severity. Ischemia-related 
arrhythmias were more frequent than recovery-related 
phase arrhythmias, because they appeared in a greater 
number of patients and ischemic attacks. The former 
type of arrhythmia started after a long latency, averag- 
ing 3 minutes, reached its peak 3 to 4 minutes after the 
beginning of the ischemia phase and persisted for the 
whole phase in the majority of cases; the latter type was 
characterized by an extremely rapid onset (within 1 
minute of the beginning of the phase in all but 1 case) 
and an equally short duration (<1 minute in all but 1 
--case). Finally, ischemia phase arrhythmias revealed a 
higher malignancy than recovery phase arrhythmias. In 
fact, ventricular premature complexes had a higher 
probability of initiating ventricular tachyarrhythmias 
during the ischemia phase than during the recovery 
phase of ischemic attacks. These data extend our previ- 
. ous observations relative to variant angina® and suggest 
that in both forms of transient myocardial ischemia 
(with ST-segment elevation or ST-segment depression) 
it is the development of ischemia, rather than its regres- 
sion, that carries the greater risk for arrhythmic events. 
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In June of 1988, the Activase® Financial Assistance Program (AFAP) was created to 
minimize cost as a consideration when a decision for thrombolytic therapy i is made. 
This unique program is being continued in order to ensure that Activase’ is made 
available to all patients who need it, regardless of their economic circumstances. 


‘The Comprehensive Wastage The Uninsured Patient Assistance for Third Party 
Replacement Program Program Reimbursement 


Genentech will replace Genentech will replace all Genentech will assist a 
the product in the event Activase® used for uninsured hospital in clarifying third 
Activase’ is prescribed but patients whose combined party reimbursement 
not administered. annual gross family income for Activase*. 

is less than $25,000. 


For more information _ ] 
about AFAP: See your 
Genentech professiona 


representative or call 
1-800-551-2231. n 
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TEPLASE, RECOMBI JANT 


TISSUE PLASMINOGEN ACTIVATOR 


Brief Summary 
Consult full prescribing information before using. 
INDICATIONS AND USAGE: ACTIVASE® is indicated for use in the management of acute myocardial 
infarction {AMI} in-adults for the lysis of thrombi obstructing coronary arteries, the reduction of infarct 
‘he improvement of ventricular tunction following AMI, the reduction of the incidence of conges- 
‘heart failure and the reduction of mortality associated with AMI. Treatment should be initiated as 
‘S00 as possible after the onset of AMI symptoms. 
CONTRAINDICATIONS: Because thrombolytic therapy increases the risk of bleeding, ACTIVASE® 
is contraindicated in the following situations: - Active internal bleeding + History of cerebrovascu- 
far accident» Recent (within two months) intracranial or intraspinal surgery or trauma (see 
WARNINGS) «Intracranial neoplasm, arteriovenous malformation, or aneurysm - Known bleeding 
iathesis « Severe uncontrolled hypertension. 
WARNINGS: Bleeding The most common complication encountered during ACTIVASE® therapy is 
leeding, The type of bleeding associated with thrombolytic therapy can be divided into two broad 
ategories: » Internal bleeding involving the gastrointestinal or genitourinary tract, or retroperitoneal or 
intracranial sites « Superficial or surface bleeding, observed mainly at invaded or disturbed sites (e.g. 
_ Sites of venous cutdown, arterial puncture, recent surgical intervention) 
~ Concomitant use of heparin anticoagulation may contribute to bleeding. Some hemorrhagic episodes 
ccurred one or more days after the effects of ACTIVASE® had dissipated, but while heparin therapy 
as ‘continuing, 
As:fiorin is-lysed during ACTIVASE® therapy, bleeding from recent puncture sites may occur. 
Therefore; thrombolytic therapy requires careful attention to all potential bleeding sites (including sites 
-Of catheter insertion, arterial and venous puncture, cutdown and needle puncture). 
-Intramuscular injections and nonessential handling of the patient should be avoided during treatment 
“with ACTIVASE® Venipunctures should be performed carefully and only as required. 
Should an arterial puncture be necessary during an infusion of ACTIVASE® it is preferable to use an 
“upper extremity vessel accessible to manual compression. Pressure should be applied for at least 30 
“Minutes, a pressure dressing applied and the puncture site checked frequently for evidence of bleeding. 
~~ Should serious. bleeding {not controllable by focal pressure) occur, the infusion of ACTIVASE® and 
iny concomitant heparin should be terminated immediately. 
Each patient being considered for therapy with ACTIVASE® should be carefully evaluated and antici- 
pated benefits weighed against potential risks associated with therapy. 
inthe following conditions, the risks of ACTIVASE® therapy may be increased and should be weighed 
against the anticipated benefits: + Recent (within 10 days) major surgery, obstetrical delivery, organ 
“biopsy, previous puncture of noncompressible vessels « Cerebrovascular disease - Recent (within 10 
days) gastrointestinal or genitourinary bleeding + Recent (within 10 days) trauma + Hypertension: 
systolic BP2-180 mm. Hg and/or diastolic BP => 110 mm Hg + High likelihood of left heart thrombus, e.g.. 
“Mitral stenosis with atrial fibrillation + Acute pericarditis - Subacute bacterial endocarditis e Hemostatic 
defects including those secondary to severe hepatic or renal disease + Significant fiver dysfunction « 
regnancy. + Diabetic hemorrhagic retinopathy, or other hemorrhagic ophthalmic conditions + Septic 
hrombophilebitis.or occluded AV cannula at seriously infected site e Advanced age, i.e., over 75 years 
Old + Patients currently receiving oral anticoagulants « Any other condition in which bleeding constitutes 
asignificant hazard or would be particularly difficult to manage because of its location. 
"Arrhythmias Coronary thrombolysis may result in arrhythmias associated with reperfusion. These 
arrhythmias are not different from those often seen in the ordinary course of AMI and may be 
with standard antiarrhythmic measures. it is recommended that antiarrhythmic therapy for bradycardia 
: and/or ventricular irritability be available when infusions of ACTIVASE® are administered. 
PRECAUTIONS: General Standard management of Mi should be implemented concomitantly with 
\CTIVASE® treatment. Noncompressible arterial puncture must be avoided. Arterial and venous punc- 
lures should be minimized. in the event of serious bleeding, ACTIVASE® and heparin should be 
‘discontinued immediately. Heparin effects can be reversed by protamine. 
Readministration There is no experience with readministration of ACTIVASE® If anaphylactoid reaction 
occurs, infusion should be discontinued immediately and appropriate therapy initiated. 
Although: sustained antibody formation in patients receiving one dose of ACTIVASE® has not been 
< documented, readministration should be undertaken with caution. 
‘Laboratory: Tests During ACTIVASE® therapy, results of coagulation tests and/or measures of fibrino- 
tic activity may be unreliable unless specific precautions are taken to prevent in vitro artifacts. 
\CTIVASE® is an-enzyme that when present in biood in pharmacologic concentrations remains active 
ander in: vitro conditions. This can lead to degradation of fibrinogen in blood samples removed for 
analysis. Collection of blood samples in the presence of aprotinin (150-200 units/mL} can to some 
B: Mitigate this phenomenon. 
-Drug interactions The interaction of ACTIVASE® with other cardioactive drugs has not been studied. in 
dition to bleeding associated with heparin and vitamin K antagonists, ee that alter platelet function 
may increase the. risk of bleeding it administered prior to, during or after ACTIVASE® therapy. 
se of Anticoagulants Heparin has been administered concomitantly with and following infusions of 
ACTIVASE® to. reduce the risk of rethrombosis. Because either heparin or ACTIVASE® alone may cause 
leading: complications, careful monitoring for bleeding is advised, especially at arterial puncture sites. 
reynancy (Category C) Animal reproduction studies have not been conducted with ACTIVASE® ft is 
“also not known whether ACTIVASE® can cause fetal harm when administered to a pregnant woman 
rcan-affect reproduction capacity. ACTIVASE® should be given to a pregnant woman only if 
learly needed. 
‘adiatric Use Safety and effectiveness of ACTIVASE® in children has not been established. 
Garcinogenesis, Mutagenesis, Impairment of Fertility Long-term studies in animals have not been 
performed to evaluate the carcinogenic potential or the effect on fertility. Short-term studies, which 
aluated tumorigenicity of ACTIVASE™ and effect on tumor metastases in rodents, were negative. 
“Studies: to determine mutagenicity (Ames test) and chromosomal aberration assays in human 
‘lymphocytes were negative at all concentrations tested. Cytotoxicity, as reflected by a decrease 
i totic Iridex, was evidenced only after prolonged exposure and only at the highest concentra- 


ions tested. 
Nursing Mothers It is not known whether ACTIVASE® is excreted in human milk. Because many 
drugs are:excreted in human milk, caution should be exercised when ACTIVASE® is administered to a 
-nursing woman... 
\DVERSE REACTIONS: Bleeding The most frequent adverse reaction associated with ACTIVASE® is 
edi type of bleeding associated with thrombolytic therapy can be divided into two broad 
inal bleeding involving the gastrointestinal or genitourinary tract, or retroperitoneal or 
‘acranial sites Superficial or surface bleeding, observed mainly at invaded or disturbed sites (e.g., 
ites of venous cutdown, arterial puncture, recent surgical intervention). 
16 following incidence of significant internal bleeding (estimated as >250 cc blood loss) has been 
eported in 'studies.in over 800 patients treated at all doses: 
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The incidence of intracranial bleeding in patients treated with ACTIVASE™ Alteplase, recombinant, is as follows: 





Dose Number of Patients h 
100 mg 3272 0.4 
150 mg 1779 1.3 
1-14 mg/kg 237 0.4 


These data indicate that a dose of 150 mg of ACTIVASE® shouid not be used because it has been 
associated with an increase in intracranial bleeding. 

Recent data indicate that the incidence of stroke in 6 randomized double-blind placebo controlled 
trials! is not signticantly different in the ACTIVASE® treated patients compared to those treated with 
placebo (37/3161, 1.2% versus 27/3092, 0.9%, respectively) (p = 0.26). 

Should serious bleeding in a critical location (intracranial, gastrointestinal, retroperitoneal, pericar- 
dial) occur, ACTIVASE® therapy should be discontinued immediately, along with any concomitant 
therapy with heparin. 

Fibrin, which is part of the hemostatic plug formed at needle puncture sites, will be lysed during 
ACTIVASE® therapy. Therefore, ACTIVASE® therapy requires careful attention to potential bleeding sites. 
Allergic Reactions No serious or life-threatening allergic reactions have been reported. Other mild 
hypersensitivity reactions such as urticaria have been observed occasionally. 

Other Adverse Reactions Other adverse reactions have been reported, principally nausea and/or 
vomiting, hypotension, and fever, These reactions are frequent sequelae of MI and may or may not be 
attributable to ACTIVASE® therapy. 


POSNE AND ADMINISTRATION: Administer ACTIVASE® as soon as possible after the onset 
symptoms. 

ACTIVASE® is for intravenous administration only. 

The recommended dose is 100 mg administered as 60 mg (34.8 million 1U) in the first hour (of which 
6 to 10 mg is administered as a bolus over the first 1-2 minutes), 20 mg (11.6 million IU) over the second 
hous, and 20 mg (116 million iU} over the third hour. For smaller patients (less than 65 kg), a dose of 
1.25 mg/kg administered over 3 hours, as described above, may be used.8 


A DOSE OF 150 MG OF ACTIVASE* SHOULD NOT BE USED BECAUSE IT HAS BEEN ASSOCIATED 
WITH AN INCREASE IN INTRACRANIAL BLEEDING. 

Although the use of anticoagulants and antiplatelet drugs during and following administration of 
ACTIVASE® has not been shown to be of unequivocal benefit, heparin has been administered concomi- 
tantly for 24 hours or ionger in more than 90% of patients. Aspirin and/or dipyridamole have been given 
either during and/or following heparin treatment. 

Reconstitution and Dilution DO NOT USE IF VACUUM IS NOT PRESENT. 

ACTIVASE® should be reconstituted by aseptically adding the appropriate volume of the accompany- 
ing Sterile Water for Injection, USP to the vial. It is important that ACTIVASE® be reconstituted only with 
Sterile Water for Injection, USP without preservatives. Do not use Bacteriostatic Water for injection, 
USP The reconstituted preparation results in a colorless to pale yellow transparent solution containing 
oe i mg/mL at approximately pH 73. The osmolality of this solution is approximately 

mOsm/kg. 

Because ACTIVASE® contains no antibacterial preservatives, it should be reconstituted immediately 
before use. The solution may be used for intravenous administration within 8 hours following reconsti- 
tution when stored between 2-30°C. Before further dilution or administration, the product should be 
visuaily inspected for particulate matter and discoloration prior to administration whenever solution and 
container permit. 

ACTIVASE* is stabile for up to 8 hours in these solutions at room temperature. Exposure to light has 
no effect on the stability of these solutions. Excessive agitation during dilution should be avoided: 
mixing should be accomplished with gentie swirling and/or slow inversion. Do not use other infusion 
solutions, e.g, Sterile Water for Injection, USP or preservative-containing solutions for further dilution. 

No other medication shouid be added to infusion solutions containing ACTIVASE® Any unused 
infusion solution should be discarded. 

HOW SUPPLIED: ACTIVASE® is supplied as a sterile, lyophilized powder in 20 mg and 50 mg viais 
containing vacuum, each packaged with diluent for reconstitution. 

Storage Store lyophilized ACTIVASE® at controlled room temperature not to exceed 30°C (86°F), or 
under refrigeration (2-8°C/36-46°F). Protect the lyophilized material during extended storage from 
excessive exposure to fight. 

Do not use beyond the expiration date stamped on the vial. 

ACTIVASE® Altepiase, recombinant 
Manufactured by 

GENENTECH® INC. 

460 Point San Bruno Bivd 

South San Francisco, CA 94080 
April, 1989 
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Effect of Blood Pressure and Afterload = 
-on Doppler Echocardiographic Measurements _ 
of Left Ventricular Systolic Function : 

in Normal Subjects 


Michael R. Harrison, MD, G. Dennis Clifton, PharmD, Martin R. Berk, MBBCh, oe 
and Anthony N. DeMaria, MD, with the technical assistance of Annette Cater and Donna Burns 





Doppler echocardiographic measurements of blood 
flow velocity and acceleration in the ascending 
aorta have been shown to be useful descriptors of 
left ventricular (LV) systolic function. Few data ex- 
ist, however, regarding the influence of loading 
conditions, particularly afterload, on these Doppler 
measurements in human subjects. Therefore, 14 
normal volunteers (mean age 28 years) were stud- 
ied using continuous wave Doppler echocardiogra- 
phy performed from the suprasternal notch both at 
baseline and during a controlled infusion of meth- 
oxamine. LV peak systolic (c,,,) and end-systolic 
(oes) wall stresses were calculated noninvasively 
using blood pressure and echocardiographic dimen- 
sions. Heart rate was kept constant by transesoph- 
ageal atrial pacing. Methoxamine resulted in signif- 
icant increases in mean systolic (163 + 8 vs 129 + 
10 mm Hg) and diastolic (93 + 7 vs 71 + 12 mm 
Hg) blood pressure, as well as cp (277 + 25 vs 
222 + 40 g/cm? X 103) and ces (97 + 26 vs 77 
+ 19 g/cm? x 107) (p <0.0004 for all). Con- 
versely, peak velocity decreased from 0.91 + 
0.18 m/s at baseline to 0.8 + 0.18 m/s (p 
<0.002) and peak acceleration decreased from 
22 + 5 m/s? at baseline to 19 + 5 m/s? (p 
<0.006) during methoxamine infusion. Flow ve- 
locity integral and LV end-diastolic dimension re- 
mained unchanged. Thus, aortic flow velocity 
and peak acceleration are inversely related to af- 
- terload. This relation should be considered when 

using serial determinations of these Doppler pa- 

rameters for patients in whom changing levels of 

afterload might occur. 

(Am J Cardiol 1989;64:905-908) 
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ascending aorta have been advocated as useful _ 

descriptors of left ventricular (LV) systolic func- 
tion.!-5 Early investigations found these parameters to 
be sensitive to the LV inotropic state, suggesting that 
they might be useful as clinical indexes of myocardial 
contractility. The ability to conveniently obtain accurate 
and noninvasive measurements of aortic blood flow ve- — 
locity and acceleration® by Doppler echocardiography _ 
has encouraged the use of these measurements despite a 
paucity of data regarding their sensitivity to loading 
conditions.’-!3 Recent studies have noted serial changes 
in Doppler velocity and acceleration for patients recov- 
ering from myocardial infarction,'' undergoing treat- — 
ment for congestive heart failure?” and during evalua- __ 
tion of coronary artery disease with dipyridamole.) 
These are all situations in which alterations in afterload = 
might alter results of Doppler measurements. With this = 
in mind, we studied the effect of a controlled increase in 
blood pressure and LV wall stress on Doppler indexes of 
systolic function. 


METHODS : 
Study group: Fourteen healthy male volunteers with: 
a mean age of 28 years (range 23 to 33) served as the- 
study population. All subjects were free of acute or | 
chronic illness as determined by history, physical exami- 
nation and 2-dimensional echocardiogram. The study 
protocol was approved by the Institutional Review | 
Board of the University of Kentucky and informed writ- ` 
ten consent was obtained from subjects before the start — 
of the protocol. Subjects were not sedated and were not 
receiving any medication at the time of the study. 
Study protocol: A 7Fr bipolar pacing catheter was 
passed through the nares, into the esophagus and posi- 
tioned to achieve 100% left atrial capture. Stable atrial 
capture required 10-ms pulses of 20 to 30 mA intensity o 
as provided by the pacing device (State-Pace II, Secor. 
Inc). An intravenous line was placed and 1 mg atropine 
was administered. With stable heart rate and blood 
pressure, baseline M-mode, 2-dimensional and Doppler. 
echocardiographic examinations were performed, An _ 
intravenous infusion of methoxamine was then institut- < 
ed, and blood pressure and heart rate were measured at 
1- to 2-minute intervals noninvasively using a Paramed 


T= velocity and acceleration of blood flow in the 






































_ tioned over the right brachial artery. When the target 
blood pressure was achieved with methoxamine, Dopp- 
= ler echocardiography was repeated. 
Methoxamine infusion: A 1 mg/ml solution of 
methoxamine was continuously infused at an initial rate 
of 1 mg/min and subsequently titrated to achieve and 
< maintain a systolic blood pressure 30 mm Hg above 
baseline. The average dose of methoxamine was 15.5 
mg (range 9.5 to 22) and total volume infused was no 
more than 100 ml of the saline solution. Since recent 
studies from our laboratory!4 have shown a small but 
significant influence of heart rate on Doppler measure- 
ments and the increase in blood pressure due to methox- 
amine resulted in reflex slowing of heart rate, transe- 
sophageal atrial pacing was used to maintain baseline 
heart rate. After attaining a steady-state elevation of 
systolic pressure, echocardiographic and Doppler studies 
were repeated. 
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recordings were performed from the parasternal win- 
dow with 2-dimensional echocardiographic guidance. 
Hard copy tracings of LV minor axis dimension were 
recorded at 100 mm/s from the basal LV region using 
commercially available instruments. Doppler examina- 
tions were performed from the suprasternal notch using 
a nonimaging transducer angulated to record the maxi- 
mal flow signal in the ascending aorta as identified by 
the audio output and light-emitting diode. At least 10 
beats were recorded at both baseline and during meth- 
oxamine infusion. The instrument used in the study 
(ExerDop) operates at 3.0 mHz and measures instanta- 
neous modal velocity from the received Doppler-shifted 
flow velocity signal at a sampling rate of 5 ms. The 
highest velocity for each systole is reported as the peak 
modal velocity for that beat. Peak acceleration is de- 
rived internally by the machine using a 2-point interpo- 
lated slope algorithm. Flow velocity integral is also de- 
rived internally. The accuracy of the instrument in 
determining peak aortic flow velocity and peak accel- 
eration has been established in animal studies® and con- 
firmed in clinical investigations.!5 The instrument accu- 
rately averages values for peak modal velocity, peak ac- 
celeration and flow velocity integral and provides a 
printed digital readout of these values. This average val- 
ue includes all beats falling within the preselected limits 
of an internal algorithm. The algorithm excludes any 
beat with a signal-to-noise ratio of <10 dB. The values 
reported in this study are derived from the arithmetic 


average provided by the digital printout of the machine. = 


Analysis of echocardiographic data: Measurements 
of LV end-diastolic and end-systolic chamber dimen- 
sions and posterior wall thickness were made from M- 
mode recordings. Values for 3 representative beats were 
averaged. LV peak systolic (opk) and end-systolic (ops) 
wall stress were calculated using the formulae: 


_ 0.334 (SBP)(Dgp). 


oe p hgp í 
hep 1 + —— 
l P A 


_ 0-334 (SBP) (Des) 


TES h > 
hgs 41 +- 
{ Des 





where SBP is systolic blood pressure (in mm Hg); Dep 
and Des are LV dimension at end-diastole and end-sys- 
tole; hgp and hgs are posterior wall thickness at end- 
diastole and end-systole; and 0.334 is a factor to convert 
mm Hg to g/cm? X 103,1617 

Statistical analysis: Data are reported as mean + 1 


standard deviation in the text and as mean + standard — e 4 
error in Figure 1. The p values refer to results of the | 


t test for paired da 
ignific 















Ultrasonic examination: M-mode echocardiographic ve 


ta. P values <0.05 were con- 
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TABLE! Mean Values for Hemodynamic and Echocardiographic Data 


DBP Dep 
(mm Hg) 


CHR SBP 


(mm Hg) (cm) 


Baseline 
Methoxamine 
© Pyalue 


Des 


oes Ae 
(cm) (g/omX 103) 


Tpk 
(/cmX 103) 


BP = blood pressure; bpm = beats/min; D = diastolic; Denes = left ventricular end-diastolic and end-systolic dimension; heo.cs = end-diastolic and end-systolic posterior wall f : 
thickness; NS = not significant; S$ = systolic; gs = end-systolic wall stress; ape = peak systolic wall stress. ee: 


RESULTS 

All subjects completed the protocol successfully and 
tolerated the methoxamine infusion without complica- 
tion. Epigastric discomfort due to atrial pacing was gen- 
erally mild and always well tolerated. Mean values for 
the study group obtained at baseline and during meth- 
oxamine infusion are listed in Table I. 

Baseline data: Before methoxamine, heart rate aver- 
aged 89 + 18 beats/min, systolic blood pressure aver- 
aged 129 + 10 mm Hg and diastolic blood pressure 
averaged 71 + 12 mm Hg. Peak systolic stress at base- 
line averaged 222 + 40 g/cm? X 10° (range 155 to 303) 
and end-systolic stress averaged 77 + 19 g/cm? X 103 
(range 49 to 113). Peak modal velocity averaged 0.91 + 
0.18 m/s (range 0.66 to 1.3), peak acceleration aver- 
aged 22 + 5 m/s? (range 15 to 30) and flow velocity 
integral averaged 14 + 4 cm (range 7.6 + 19.6). 

Methoxamine infusion: Methoxamine resulted in 
significant elevations in afterload as measured by blood 
pressure and wall stress. Heart rate was maintained by 
atrial pacing and averaged 89 + 17 (difference no: sig- 
nificant vs baseline). Systolic blood pressure averaged 
163 + 8 mm Hg (range 150 to 175) and diastolic blood 
pressure averaged 93 + 7 mm Hg (range 74 to 104), 
both significantly higher than baseline values (p 
<0.001). Peak systolic wall stress averaged 277 + 25 g/ 
em? X 103 (range 240 to 318), and was significantly 
-elevated from baseline (p <0.001). Likewise, end-systol- 
ic wall stress was significantly elevated and averaged 97 

+ 26 g/cm? X 103 (range 62 to 164) (p <0.003 vs base- 
line). 
Doppler indexes of systolic function were significant- 
ly altered during the methoxamine infusion (Figure 1). 
Peak modal velocity during methoxamine infusion aver- 
aged 0.8 + 0.18 m/s (range 0.56 to 1.29), significantly 
lower than the baseline value (p <0.002). Similarly, 
“peak acceleration was significantly lower and averaged 
19 + 5 m/s? (range 14 to 31) (p <0.005 vs baseline). 
Flow velocity integral averaged 14 + 3 cm (range 9 to 
20) and was not significantly changed from baseline. 


DISCUSSION 

Several recent laboratory! 346.!8-20 and clinical*>.7"!3 
investigations have suggested that measurement of 
blood flow velocity and acceleration (first derivative of 
velocity) in the ascending aorta by Doppler echocardi- 
ography provides a useful and accurate noninvasive 
= -method for analysis of LV systolic function. Despite the 
(°: known profound influence of loading conditions on con- 
--yentional ejection phase indexes. of systolic function 


such as ejection fraction,”! incomplete and conflicting | 





data exist regarding the influence of afterload on aortic 
velocity and acceleration.!?”° The present study clearly 
demonstrates a significant inverse relation between af- 
terload, as measured by blood pressure and LV wall — 
stress, and both velocity and acceleration of aortic blood > 
flow measured by Doppler echocardiography. 


Relation of afterload to Doppler measurements: — 
Wallmeyer et al,'? using phenylephrine to increase 


blood pressure in open-chest dogs, found that the effects 
of this intervention on Doppler measurements were min- 
imal. Furthermore, these investigators!’ found that in- - 
creases in afterload had no more effect on Doppler mea- 
surements of velocity and acceleration than on invasive 
measures of LV function such as dP/dt. Additional - 
studies from the same institution, however, found oppo- 
site results when aortic pressure was lowered in a simi- 
lar animal preparation.” The finding of an inverse tela- 
tion between Doppler measures of velocity and accelera- _ 


tion was supported by the clinical study of Elkayam et- : 
al? who found increases in these parameters in patients © 


with congestive heart failure after treatment with vaso- 


dilator therapy. More recently, Bryg et al?? described : S 
the influence of isometric handgrip exercise on peak ve- — 


locity and mean acceleration for young normal subjects. . 
The complex changes due to handgrip resulted in eleva- 
tions of cardiac output, arterial pressure and systemic 
vascular resistance, but significant lowering of velocity 
and acceleration. 

The present study expands on this experience by al- 
tering blood pressure and afterload in a controlled fash- 
ion. Heart rate was controlled and preload (LV end- 
diastolic dimension) did not change significantly during 


methoxamine infusion (Table I). Thus, it appears clear : 


from previous investigations and the present study that 


even modest alterations in afterload lead to significant 


changes in Doppler measurements of velocity and accel- 
eration, independent of changes in LV contractility. 
The lack of significant change in flow velocity in- 
tegral during methoxamine infusion was unexpected. 
Since values for all 3 Doppler parameters studied were 
obtained simultaneously from the same beats, sampling“ 
error or misinterpretation of the velocity envelope dur- j 
ing analysis does not explain the lack of change in inte- 
grated velocity despite alterations in velocity and accel- 
eration. Presumably, as peak velocity is blunted by in- 
creased afterload, ejection time is prolonged so that the 
total area encompassed by the velocity envelope remains _ 
unchanged. rae 
Limitations: We measured wall stress noninvasively 
using previously established methods known to correlate. 


well with invasive values.'©!’ While invasive measur 
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_ ments of blood pressure might have been y more 
accurate, the very significant change in wall stress over 
the course of several minutes and its effect on Doppler 
values appear undeniable. 

Transesophageal atrial pacing may cause discomfort 


in some subjects. We, however, found no evidence for 


vasovagal reaction or other hemodynamic change at- 
tributable to epigastric discomfort. The lack of any sig- 
nificant change in LV end-diastolic dimension from 
~ baseline is also consistent with an absence of unexpected 
hemodynamic influence related to pacing. 
Finally, we did not feel it appropriate to induce fur- 
ther increases in blood pressure in our subjects. Thus, 


; : analysis of the effects of a wide range of afterload on 


-Doppler measurements is not possible from this study. 
Nonetheless, the sensitivity of aortic flow velocity and 
acceleration to afterload appears clear. 
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Modes of Death and Types of Cardiac Diseases in : 
Opiate Addicts: Analysis of 168 Necropsy Cases © 


Frederick A. Dressler, MD, and William C. Roberts, MD 


One hundred sixty-eight opiate addicts, whose 
hearts were submitted for necropsy study, were ex- 
amined with prime focus on modes of death and 
types of cardiac abnormalities. Twenty various 
modes of death were identified: active infective 
endocarditis or its consequences in 67 (40%), drug 
overdose in 39 (24%), coronary artery disease in 
14 (8%), pulmonary granulomatosis in 7 (4%) and 
15 various diseases (7 cardiac and 8 noncardiac) in 
the remaining 41 (24%) patients. 

Of the 168 hearts examined, only 7 (4%) were 
normal. Although infective endocarditis (active, 
healed or both) was most common (80 [48%] pa- 

_tients), there was a broad range of other cardiac 
abnormalities present: cardiomegaly in 114 (68%) 
(including 22 patients without another cardiac ab- 
normality), coronary artery disease in 35 (21%), 
acquired valvular heart disease in 16 (10%), myo- 
cardial heart disease in 14 (8%) and a congenital 
cardiac anomaly in 19 (11%). 

Of the 35 hearts with various coronary artery 
diseases, 28 had significant (>75%) narrowing of 
the cross-sectional area of 1 or more of the 4 major 
(left main, left anterior descending, left circumflex 
and right) epicardial coronary arteries by athero- 
sclerotic plaque. Of 112 coronary arteries in these 
28 hearts, 52 (46%) were significantly narrowed (a 
mean of 1.9 ot the 4 major coronary arteries/pa- 
tient). In 27 of these 28 cases, each 5-mm segment 
of the 4 major coronary arteries was examined his- 
tologically. Of the 1,435 five-mm segments exam- 
ined, 189 (13%) were narrowed 76 to 100% in 
cross-sectional area by plaque; 347 (24%), 51 to 
75%; 336 (23%), 26 to 50%; and 563 segments 

(39%) were narrowed 0 to 25% in cross-sectional 

-cv area by plaque. The percents of 5-mm segments 

narrowed 76 to 100% in cross-sectional area were 
greater in those patients with (128 of 793 [16%]) 
than without (61 of 642 [9%)) clinical evidence of 
myocardial ischemia (p = 0.001). 

in this study a very high frequency of cardiac 

abnormalities (161 [96%]) was found at necropsy 
and most deaths (97 [58%]) were related to cardi- 
ac disease. Although death was most often due to 
diseases whose association to opiate addiction is 
well recognized (such as infective endocarditis, 

-u drug overdose and pulmonary granulomatosis from 
"the venous injection of talc), several other modes of 

was coronary artery disease (14 patients [8%]). _ 
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piate addiction is a plague in our society. Its vic- 
O' are usually young. The consequences of 

their using nonsterile needles and opiates and _ 
their diluents are well recognized and include overdose, 
bacterial, fungal, viral and protozoal infections, hepati- 
tis, foreign-particle embolism, glomerulonephritis and 
acquired immunodeficiency syndrome.!-?? Although in- 
fective endocarditis is well known to occur in opiate ad- 
dicts and its clinical and echocardiographic features in 
them have been well described, !:!4!5-'82425.28 no studies _ 
have focused on heart diseases other than infective en-. 
docarditis found at necropsy in opiate addicts. In this. 
report, the modes of death and types of cardiac abnor- 
malities found at necropsy are described in 168 opiate 
addicts. i 


METHODS 3 

Patients studied: Cases accessioned in the Pathology 
Branch, National Heart, Lung, and Blood Institute, as 
having opiate addiction were retrieved. The files from _ 
1954 through March 1989 were searched. A total of __ 
168 cases were accessioned as having opiate addiction.. 
Of the 168 cases, 11 (6%) were studied from 1960 to __ 
1970, 52 (31%) from 1971 to 1980 and 105 (63%) from 
1981 through March 1989. The 168 cases were autop- 
sied in 15 different institutions and subsequently the 
heart, and often portions of other organs, was submitted <. 
to the Pathology Branch, National Heart, Lung, and 
Blood Institute, for examination. The submitting insti- 
tutions included 11 local medical centers: District of 
Columbia Medical Examiner’s Office (106 cases); Dis- 
trict of Columbia General Hospital (18 cases); Howard 
University Hospital (9 cases); Georgetown University 
Medical Center (8 cases); Washington Hospital Center 
(6 cases); Veterans Administration Hospital (5 cases); 
George Washington University Hospital (4 cases); Na- > 
tional Institutes of Health (4 cases); National Naval 
Medical Center (2 cases); and 1 case each from 2 hospi- 
tals. Additionally, 4 cases were submitted from each of 
4 nonlocal hospitals. 

The ages of the 168 patients ranged from 18 to 67 
years (mean 35); 40 patients (24%) were >40 years. of 
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-| TABLET Modes or Causes of Death in 168 Opiate Addicts Studied at Necropsy 


Cardiac (%) 
Infective endocarditis (IE) 
Atherosclerotic coronary artery disease 
idiopathic dilated cardiomyopathy 
Obstructive valve disease 
Partial atrioventricular canal 
Idiopathic myocarditis 
Coronary arterial thrombosis 
without significant atherosclerosis 
Sarcoidosis 
Amyloidosis 
Noncardiac (%) 
Drug overdose 
Pulmonary granulomatosis 
Chronic renal disease 
Trauma 
Bacterial infection (Non-IE) 
Acquired immunodeficiency syndrome 
Cancer 
Stroke 
Amyloidosis 
Aortic dissection 
Sudden death of undetermined etiology (%) 


Totals (%) 


age at death. Of the 168 patients, 131 (78%) were men 

(mean age 36) and 37 (22%) were women (mean age 

32); 150 (89%) were black and 18 (11%) were white. 
RESULTS 

= Modes of death: The modes of death in the 168 pa- 


— tients are summarized in Table I, and the cardiac find- 
~- ings at necropsy in Table II. The patients were divided 
-< into 2 major groups: those with infective endocarditis at 
some time and these patients have been described in de- 


_ tail elsewhere,”* and those without clinical or necropsy 

“evidence of infective endocarditis at any time. Although 
80 (48%) of the 168 patients had evidence of infective 

_ endocarditis at some time, only 67 (84%) of the 80 pa- 

tients died from infective endocarditis or its conse- 
< quences. 

; Death in 39 patients (24%) was attributed to drug 


_ overdose, All but 1 of the 39 died suddenly outside the 


_ hospital shortly after witnessed or strongly suspected in- 
<- travenous injection of drugs. The autopsies in 38 (97%) 
_ Of these 39 patients were performed at the Medical Ex- 

_ aminer’s Office (Washington, DC). Morphine was the 
- drug injected in 34 patients and the blood concentration 

levels in them ranged from 0.009 to 0.18 mg/dl (mean 

0.058). The drug causing the overdose in the other 4 
patients was propoxyphene, chlorpromazine, phencycli- 


dine or alcohol. 


_ Of the total 168 cases studied, toxicologic studies 
were done at necropsy on blood (and often bile and 
Tung) in 101 and the 101 cases were among the 106 


~ cases studied at the Washington, DC, Medical Examin- 
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Without 


67 (39.9) 
12 (7.1) 
3 (1.8) 
3 (3.4) 3 (1.8) 
2 (2.3) 2 (1.2) 
(0) 1 (0.6) 
2 (2.3) 2 (1.2) 


12 (13.6) 
3 (3.4) 


11.1) 
1(1.1) 


1 (0.6) 
1 (0.6) 


32 (36.5) 
7 (8.0) 
4 (4.5) 
4 (4.5) 
2 (2.3) 
4 (4.5) 
3 (3.4) 
1 (1.1) 
1(1.1) 
1 (1.1) 
5 (5.7) 


39 (23.8) 
7 (4.2) 
5 (3.0) 
5 (3.0) 
5 (3.0) 
4(2.4) 
3 (1.8) 
1 (0.6) 
1 (0.6) 
1 (0.6) 
5 (3.0) 


88 (100) 168 (100) 





er’s Office. The toxicologic studies included screens for 
narcotics (synthetic and nonsynthetic), cocaine, phency- 


clidine, volatile alcohol, barbiturates, various sedatives, - 


phenothiazines and antihistamines. One or more drugs 
were found in the blood of 56 (55%) patients. Morphine 
sulfate was most commonly found, present in 43 pa- 
tients with the total concentration (free morphine and 
metabolites) ranging from 0.002 to 0.18 mg/d! (mean 
0.049). Blood concentrations >0.01 mg/dl were present 
in 35 (35%) patients ranging from 0.01 to 0.18 mg/dl 
(mean 0,059). Of these, morphine alone was found in 
17 patients ranging from 0.01 to 0.18 mg/dl (mean 
0.057). One or more drugs in addition to morphine was 
present in the blood of 18 patients: alcohol, ranging 
from 0.03 to 0.22 (mean 0.135) in 8; cocaine, ranging 
from 0.07 to 2.3 mg/dl (mean 0.753) in 4; phencycli- 
dine alone in 2; phencyclidine and cocaine in 2; and 
phencyclidine and alcohol in 2. In 45 patients toxicology 
showed that no drugs were present in the blood. 

Atherosclerotic coronary artery disease was the 
cause of death in 12 patients (7%). All were men. Nine 
died suddenly and unexpectedly outside the hospital; 
their ages ranged from 27 to 58 years (mean. 41). Two 
(patients 6 and 15, Table III) died from acute myocar- 
dial infarction, and 1 (patient 12, Table TI) had intrac- 
table, eventually fatal, chronic congestive heart failure 
after healing of a myocardial infarct. 

Seven patients (4%) died from consequences of in- 
jecting “ground-up” tablets intended for oral use in sys- 
temic veins with resulting extensive pulmonary talc 


granulomatosis and cor pulmonale. These patients a 




















ae “TABLE Nl Cardiac Findings at Necropsy in 168 Opiate Addicts 








Heart weight 





















































Mitral valve prolapse 
* The infarct'in 1 patient followed corona 











ry artery bypass grafting. 


ranged in age from 18 to 39 years (mean 25). Only 2 of 
the 7 patients were >25 years of age. The talc granulo- 
ma were limited to lung except in 1 patient who had a 
patent foramen ovale and talc granuloma were found in 
several of his systemic organs, including heart. 
Chronic renal disease caused death in 5 patients. All 
5 were men aged 25 to 43 years (mean 34), and all 5 
` Chad received hemodialysis chronically. Three had had 
renal transplants. All 5 had systemic hypertension and 
their hearts ranged in weight from 590 to 885 g (mean 
- 728). None had significant narrowing of a major epicar- 













dial 






Women: Range (mean) 210-585 (381) 225-510 (364) 210-585 (374) 
{n = 23) (n= 14) (n = 37) : 
No. >350 g 12 (52%) 8 (57%) 20 (54%) ee 

Men: Range (mean) 260-875 (516) 240-990 (523) 240-990 (520). ` a 

(n = 57) (n = 74) (n= 131) 
No. >400 g 40 (70%) 54 (74%) 94 (72%) 
Coronary artery disease (%) 

Narrowing >75% in CSA by plaque 4 (5) 24 (27) 28 (16.7) 
Acute myocardial infarct (unifocal) 1 1 2 
Healed myocardial infarct (unifocal) 1 8 9 
Both 0 1 1 

Narrowing >75% in CSA by thrombus or embolus 3 (4) 33) 6 (3.6) 
Acute myocardial infarct (unifocal) 3 1 4 
Healed myocardial infarct (unifocal) 0 0 0 
Both ie) (0) 0 

tsolated dissection o 11) 1 (0.6) 
Acute myocardial infarct i) 1 1 

Acquired valvular heart disease (Non-lE) (%) 

Stenosis 
Mitral 1(1) 3(3) 4(2.4) 
Aortic o 2 (2) 2(1.2) 

Pure regurgitation 
Mitral ie) 1 (1) 1 (0.6) 
Aortic o 10) 1 (0.6) 
Mitral + aortic 34 0 3(1.8) 

Diffuse fibrosis without 
stenosis or regurgitation 
Mitral 1q) o 1 0.6) 
Mitral + aortic 34) [6] 34.8) 

Mitral anular calcium 0 id) 1 (0.6) 

Myocardial heart disease (%) 
idiopathic dilated cardiomyopathy 19) 4(4) 4(24) 
Amyloid o 2 (2) 2(1.2) 

» Sarcoid ; 0 1q) 1 (0.6) 
idiopathic myocarditis 1(1) 0 1 (0.6) 
Trauma 0 2 (2) 2 (1.2) 
Acquired immunodeficiency syndrome 0 4(4) 4(2.4) 

‘Pulmonary heart disease from 1(1) 7 (8) 8 (4.8) 
talc granulomatosis (%) 
Congenital cardiac anomaly (%) 

Bicuspid aortic valve 7(Q) 0 7 (4.2) 

Origin of RCA from LSV (0 33) 3 (1.8) 

“Ventricular septal defect” 1 (1) 2 (2) 3 (1.8) 

Atrial septal defect (secundum) 0 2{2) 2 (1.2) 

Partial atrioventricular canal 0 2 (2) 2 (1.2) 

Left superior vena cava 1(1) 1) 2 (1.2) 


“CSA = cross-sectional area; IE = infective endocarditis; LSV = left sinus of Valsalva; RCA = right coronary artery. 


coronary artery, and none had grossly visible foci of 














left ventricular fibrosis or necrosis, except for 1 patient 
who had multiple myocardial abscesses. coe 
Five other patients died suddenly and unexpectedly. 
None had drugs in their blood at necropsy, none had 
significant narrowing of a major epicardial coronary ar- 
tery, none had valvular heart disease, congenital cardio- 
vascular anomalies or other cardiovascular explanations _ 
for their sudden death. Of the 5 patients 2 were women __ 
aged 44 and 48 years and their hearts weighed 365 and 
460 g; the 3 men ranged in age from 19 to 38 “years 
(mean 29), and their hearts weighed from 420 to 520 g- 
(mean 472). Thus, all 5 patients had hearts of increased 




























jinical and Morphologic Cardiac Findi 


: @ Left Main, Left Anterior Descending and Left Circumflex) Coronary 


: Age Modes of 
“Pt (yrs), Race, Sex AP Death IE 
Symptoms of myocardial ischemia 
1 27,B,M 0 CAD (S) 0 
2 31,B,M 0 CAD (S) 0 
3 35, B, M 0 CAD (S) 0 
4 36, B, M 0 CAD (S) 0 
ees) 38, B, M + Overdose 0 
6 39, B, M + CAD (AMI) ie) 
7 40,B,M 0 CAD (S) 0 
8 42,B,M 0 CAD (S) 0 
9 43, W,M + Active IE + 
10 43, B,M 0 Overdose +(H) 
oll 45, BLM 0 CAD (S) 0 
12 51,B,M + CAD (CHF) 0 
13 55, B, M 0 CAD (S) 0 
14 58, B, M 0 CAD (S) 0 
15 67,W,M 0 CAD (AMI) 0 
|. Subtotal 43 13B 15M 4 2 


3 
or mean 2w 


No symptoms of myocardial ischemia 
16 30, W, M 0 Overdose 
S17 Aortic dissection 
18 Pneumonia 
“19 Overdose 
20 Renal disease 
21 Overdose 
4°22 Stroke 
es) Overdose 
24 Overdose 
ep 25 Active IE 
te 26 Overdose 
Pe QF Pneumoniat 


| Subtotal 42 10B 9M 
2W 3F 


ES ™E2S ERS SSE NE 


KFELESRE 
POD ED DOD 


nan oF 
OAD 


O1fOoooocooooo oo 
np OCO+FOS9DFSCOH+O0 


«Total 43 23B 24M 
4W 3F 


* Diagnosed clinically; t thrombus also present Superimposed on plaque; * also meningitis. j 
AMI = acute myocardial infarction; AP = angina pectoris; CAD = coronary artery disease; CHF = stive heart failure; CSA = cross-sectional area; H = healed; HW = heart 


weight, IE = infective endocarditis; LAD = left anterior descending; LC = left cir 
death; + = present; 0 = absent. 


_ weight without other recognizable cardiac disease, and 
__ these cases are categorized as sudden death of undeter- 
mined etiology. 
In the remaining 33 patients, 14 different conditions 
were responsible for their deaths. These miscellaneous 
_ conditions are listed in Table I. 


| Narrowed ngs in 27 Patients in Whom 1 « 
IN n Cross-Sectional Area by Atherosclerotic Plaque and in Whom Each 5-mm Segment of the Four Major (Right, 





1 or More Major Epicardial Coronary Arteries Were 





Arteries Was Examined Histologically 

Mi Narrowing >75% in CSA by Plaque 
m HW 

Acute Healed (g) LM LAD LC R 
0 0 430 0 + 0 C 
0 + 300 0 + 0 

0 0 500 0 0 0 

0 + 450 0 + + 

0 +* 350 0 0 + 

+ +* 615 0 +t + 

0 0 620 0 + 0 ( 
0 0 630 0 0 0 

+* 0 535 0 +t + 

0 +° 460 0 + + 

0 0 525 0 0 + 

0 +* 690 0 + 0 q 
0 + 530 0 + + 

0 0 660 0 + 0 

+ 0 675 0 + + 

3 7 531 0 11 8 1q 


SCroocooocoo0g COC oOo 
w toot +tooooo0ooo 
Ml+ O09 00 C2OO+00 
wi FORE E+FHOOH+HEO 
nj trooOCt+ot+e tooo 


pent 
wo 
~ 
aw 


; LM = left main; Ml = myocardial infarct; MLC = multiluminal channels; R = right; = sudden 





54 patients who had hearts of normal weight at necrop- 
sy, 26 (48%) died of active infective endocarditis (most 















~FABLEM (conta) 


No. 5-mm No. 5-mm Coronary Segments Narrowed in CSA by Plaque Coronary Coronary 
Coronary Calcium (0 to 3+) MLC 
Segments 0-25% 26-50% 51-75% 76-95% 96-100% (Sections) (Sections) 
48 30 10 7 1 0 0 0 
54 34 11 6 3 0 0 + (4) 
53 15 14 13 ll 0 0 0 
56 16 11 19 8 2 ++ (4) +4) 
49 18 7 16 8 0 +(3) +(1) 
56 12 19 18 6 1 ++ (8) 0 
» 5O 40 6 3 1 0 ++ (3) 0 
65 47 15 1 2 0 ++ (5) +(1) 
39 6 11 11 11 0 +++ (12) +(1) 
53 3 4 23 23 0 +++ (11) + (6) 
44 20 5 10 9 0 +++ (10) 0 
43 7 8 16 12 0 ++ (4) +5) 
44 6 11 14 12 1 ++++ (17) +(1) 
76 45 10 4 7 0 + (2) 0 
63 15 13 25 9 1 +++ (30) 0 
793 (53) 314(21) 155 (10) 196 (13) 123 (8) 5 (0.33) 12/15 8/15 
Ba (100%) (39%) (20%) (25%) (16%) (<1%) (109/793) (23/793) 
36 18 5 10 3 0 0 0 
48 24 16 7 1 0 0 0 
55 34 13 4 4 0 +++ (10) + (2) 
50 10 6 29 5 0 +(1) 0 
72 26 38 5 3 0 +4++(12) 0 
47 21 7 14 5 0 +++ (10) 9 
63 40 17 4 2 0 0 0 
56 3 24 20 8 1 +++ (19) 0 
47 2i 14 7 2 3 +(2) + (3) 
47 16 7 19 5 0 ++4+.(19) 0 
63 23 23 14 3 0 + (3) +(1) 
58 13 11 18 16 0 +++ (33) 0 
642 (54) 249 (21) 181 (15) 151 (13) 57 (5) 4 (0.33) 9/12 3/12 
(100%) (39%) (28%) (24%) (9%) (<1%) (115/642) (6/642) 
1,435 (53) 563 (21) 336 (12) 347 (13) 180 (7) 9 (0.33) 21/27 11/27 
(100%) (39%) (23%) (24%) (13%) (<1%) (224/1,435) (29/1,435) 


creased weight. In the remaining 31 patients without 
-infective endocarditis, 22 (71%) had hearts of increased 
< weight. Three had chronic renal failure. The explana- 
~~ tion for the increased cardiac weight in the remainder 
is probably systemic hypertension, but this possibility 
~~ could not be confirmed in many patients because of lack 
of blood pressure information. 
CORONARY ARTERY DISEASE: Various acquired abnor- 
| malities of the epicardial coronary arteries were found 
_ at necropsy in 35 (21%) patients and are summarized in 
Table II. One or more of the 4 major (right, left main, 













plaque, a mean of 1.9/patient. In 27 (Table IHI) of the 

28 patients, each of the 4 major epicardial coronary 
arteries was divided into 5-mm segments; each segment — 
was processed in alcohols and xylene, and a histologic - 
section 6- thick was cut from each segment, stained by — 
the Movat method and examined. Of the 1,435 five-mm _ 
coronary artery segments examined, 9 (<1%) were nar- : 
rowed 96 to 100% in cross-sectional area by plaque; 180 
(13%) were narrowed 76 to 95%; 347 (24%), 51 to 75%; 
336 (23%), 26 to 50%; and 563 segments (39%) were `. 
narrowed 0 to 25% in cross-sectional area by plaque. © 














‘CARDIAC DISEASE IN OPIATE ADDICTS 


(Table I), for example, had only 1 (2%) of 50 five-mm 
segments narrowed >75% in cross-sectional area by 
plaque whereas patient 10 had 23 (43%) of 53 five-emm 
segments narrowed >75%. 

Calcific deposits were present in atherosclerotic 
plaques in 1 or more of the 4 major epicardial coronary 
arteries in 21 of the 27 patients where the arteries were 


FIGURE 1. Healed myocardial infarction in a 46-year-old 

woman who died of morphine overdose (patient 24, Table Ill). 
She apparently never had symptoms of cardiac dysfunction or 
ischemia. At necropsy (DCMEO #83-06-403), the left anterior 


septum. 
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examined in detail, and in 224 (16%) of the 1,435 five- 
mm coronary segments. Multiluminal channels (Figure 
1) were present within atherosclerotic plaques in 29 
(2%) of the 1,435 five-mm segments; they were more 
frequent in the 5-mm segments of the 15 patients with 
compared to the 12 patients without symptomatic myo- 
cardial ischemia (23 of 793 [3%] vs 6 of 642 [1%]). 








FIGURE 3. Acute and healed myocardial infarcts in a 39-year-old man (patient 6, Table Ill). At age 30, he had had an acute 
myocardial infarction and angina pectoris afterward. He was found dead at home with high blood concentrations of morphine 
(0.018 mg/dl), cocaine (0.11 mg/dl) and phencyclidine (0.0017 mg/dl). At necropsy (DCMEO 788-03-333), the left 
ior descending. 


anterior 


, left circumflex and right coronary arteries were narrowed 76 to 95% in cross-sectional area by athero- 


anterior es eine aorsverce ents through the ventricles showing a large acute transmural myocardial infart of the anterior and 7 


lateral walis and a large transmural scar of the anterior, 


cavity is dilated and a thrombus (T) fills the apex. LV and RV = left and right ventricular cavities. b, radiographs of left verttricu- : 


lar slices in right half of a showing calcific deposits. 


Multiluminal channels occurred in coronary plaques in 
8 (53%) of 15 patients with and in 3 (25%) of 12 pa- 
tients without symptoms of myocardial ischemia. 

Intraluminal thrombus was observed in a coronary 
artery superimposed on atherosclerotic plaque in 3 pa- 
tients (11%), and 2 of them had acute myocardial in- 
farcts. Additionally, 1 or 2 five-mm segments in 4 pa- 
tients had fibrin deposits incorporated in the underlying, 
primarily fibrous, plaque. 

Of the 27 patients who had severe narrowing of 1 or 
more major coronary arteries, 3 had acute myocardial 
infarcts (patients 6, 9 and 15, Table III) and 10 patients 
(8 in the symptomatic group, Table III) had grossly vis- 
ible healed myocardial infarcts (Figures 1 through 3). 
Two infarcts contained calcific deposits (Figures 2 and 
3). 

Dissection” limited to an epicardial coronary artery 
occurred in a 39-year-old man. He had had no symp- 
toms of cardiac dysfunction or ischemia and died 15 
days after meperidine overdose. At necropsy, dissection 

_was limited to the first marginal branch of the left cir- 
: cumflex artery (Figure 4). A small transmural acute 
myocardial infarct was present in the lateral portion of 
< the left ventricular free wall. 





FIGURE 4. Dissection of an epicardial coronary artery in a 
39-year-old man (SH #A82-40). He became comatose after 
taking an overdose of meperidine and died 15 days later. At 
necropsy, there was dissection of the first marginal branch of 
the left circumflex artefy and a small transmural lateral 
infarct of the left ventricular free wall. FC = false channel; 
TC = true channel. Movat stain, x 15. f 
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CARDIAC DISEASE IN OPIATE ADDICTS 


ACQUIRED VALVULAR HEART DISEASE: An acquired ana- 
tomic abnormality of 1 or more of the cardiac valves 
other than infective endocarditis was present in 16 pa- 
tients (Table II); in 13 men aged 22 to 67 (mean 43) 
and in 3 women aged 20 to 39 (mean 28). Of the 16 
patients with anatomically abnormal valves, 5 (31%) 
had pure regurgitation. No functional abnormality was 
present in 5 (31%) of the 16 patients with an anatomi- 
cally abnormal valve. 

MYOCARDIAL HEART DISEASE: A primary or secondary 
myocardial disease was present in 14 (8%) patients. Id- 
jopathic dilated cardiomyopathy?'32 was found in 4 
men aged 35 to 51 (mean 39). Amyloid’? was present in 
the hearts of 2 patients. A 33-year-old man had chronic 
diarrhea and renal failure at age 32. He had massive 
proteinuria and anasarca and died of renal failure. At 
necropsy, there were massive deposits of amyloid in the 
kidneys, spleen and liver. Histologic sections of the left 
ventricular myocardium showed amyloid limited to the 


FIGURE 5. Sarcoidosis in a 37-year-old man 
sick sinus syndrome 8 months before death. 


showing multiple scars in the myocardium. LV = left ventricle; 
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(PGGH 4A88-01) who died suddenly. A permanent pacemaker was implanted for 
He died suddenly while in the 
granulomas were scattered throughout the fiver (weight 
large (700 g) and each of the 4 chambers were severely dilated. a, transverse 





walls of the intramural coronary arteries. The other pa- 
tient was a 33-year-old man who was well except for 
atrial arrhythmias for which a pacemaker was inserted 
1 week before death. He died suddenly. The heart 
weighed 820 g, its walls were rubbery and firm, and 
massive amounts of amyloid were present in the myo- 
cardial interstitium, walls of intramural coronary arter- 
ies, mural endocardium of both atria and epicardium. 
Sarcoidosis was present in 1 patient (Figure 5). Myo- 
cardial injury as a result of trauma occurred in 2 pa- 
tients. 

The acquired immunodeficiency syndrome occurred 
in 4 men aged 31 to 45 years and in each it was associ- 
ated with a cardiac abnormality. The interval from on- 
set of symptoms to death ranged from 3 to 8 months 
(mean 4). 

Idiopathic myocarditis was present in a 33-year-old 
man who had survived infective endocarditis at age 28 
(Figure 6). He remained well until 3 months before 





hospital for evaluation of supraventricular tachycar- 
2,100 g) and spleen (weight 450 g). The heart was 





death when exertional dyspnea presented. He became 
acutely hypotensive and died within several hours. At 
necropsy, the heart weighed 875 g. Histologic sections 
showed focal but extensive collections of mononuclear 
cells and eosinophils associated with myocardial necro- 
sis and patchy fibrous replacement of myocardium 
(Figure 6). 


a me panes 


FIGURE 6. Idiopathic myocarditis in a 33-year-old man (HU #A83-12) 





Pulmonary heart disease (Figure 7) from tale gran- : 


ulomatosis' (Figure 8) associated with cor pulmonale > : 


was present in 8 patients. Seven died as a consequence 
of their lung disease. 

CONGENITAL CARDIAC ANOMALY: A congenital anoma- 
ly of the heart was present in 19 (11%) patients. The- 
aortic valve was bicuspid in 7 patients**; 6 men aged 22 


who died suddenly after 2 days of chest pain. He had 


infective endocarditis S years previously and mild dyspnea in the 3 months before death. The heart was huge (875 g) and 


transmural necrosis was present in a large portion of the anterior and lateral walls. a, photomicrograph of left ventricular free 
wall showing diffuse mononuclear cell infiltrates. b, high power view of a (brackets) showing mononuclear infiltrates replacing 
myocytes. Hematoxylin and eosin stain; X 125 (a), x 500 (b). 











b ee 


granulomatosis in a 26-year-old man. He had severe pulmonary hyperten- 


secondary to pulmonary 

sion with tricuspid regurgitation. At necrospy (DCMEO ¢85-04-328), the right-sided cardiac chambers were more dilated than 
-their counterparts on the left side of the heart. a, anterior view of heart. RA = right atrium; RV = right and LV = left ventricle.. 
b, longitudinal cut showing all 4 cardiac chambers. LA = left atrium. Ak 








|THE AMERICAN JOURNAL OF CARDIOLOGY OCTOBER 15,1989 917 . 





















































~ to 53 (mean 27) and a 28-year-old woman. All of these 
_ patients died as a result of active infective endocarditis, 
5 during the initial episode and 2 during the recurrent 
infection. A congenital coronary artery anomaly3435 
was present in 3 patients; 2 men aged 36 and 43 and in 
a 29-year-old woman. None had had symptoms of car- 
diac dysfunction or ischemia. A ventricular septal defect 
was present in 3 patients. It spontaneously closed>6 in 2 
and the third, a 63-year-old black woman, had a small 
defect in the membranous portion of the ventricular 
septum. She died of infective endocarditis with vegeta- 
tions on the aortic valve cusps and in the defect. Atrial 
septal defect was present in a 24-year-old woman and in 
a 39-year-old man. In both patients the atrial septal de- 










FIGURE 8. Cor pulmonale 
matosis in a 23-year-old man (DCMEO #77-12-969) who was 
known to inject crushed intended for oral use into his 





> associated with mononuclear 
cell eosin stain, x 220. 






fect was of the secundum type, small and functionally 
insignificant. Partial atrioventricular canal was present 
in 2 men, aged 27 and 34 years. A left-sided superior 
vena cava was present in 2 men, aged 25 and 27, who 
died of tricuspid valve infective endocarditis and drug 
overdose, respectively. 

One patient, a 31-year-old man, died from conse- 
quences of acute aortic dissection (Figure 9). 


DISCUSSION 

This study indicates that cardiac disease of many 
types is commonly observed at necropsy in opiate ad- 
dicts. Nearly half of the 168 patients had evidence of 
infective endocarditis, either active, healed, or both, at 
necropsy.”® In addition to infective endocarditis, how- 
ever, a broad variety of cardiac conditions were encoun- 
tered, including various coronary artery abnormalities 
in 35 (21%), acquired valvular heart disease in 16 (9%), 
primary or secondary myocardial heart disease in 14 
(8%), pulmonary heart disease from talc granulomatosis 
in 8 (5%) and various congenital cardiac anomalies in 
19 (11%). 

Several previous studies have focused on the causes 
of death in opiate addicts. Only 1, however, has system- 
atically reported necropsy findings. Froede and Stahl!! 
in 1971 reviewed the necropsy reports in 174 military 
personnel who died of “fatal narcotism” from 1918 to 
1970. They found cardiac hypertrophy in 12 (7%) pa- 
tients, “chronic interstitial myocarditis” in 14 (8%) and 
pericarditis in 1 (0.6%). They reported no cases of infec- 
tive endocarditis, coronary artery disease or other cardi- 
ac diseases. These lower frequencies of cardiac abnor- 
malities may, in part, be due to patient selection. Only 
those in whom death resulted from “fatal narcotism” 
were studied by Froede and Stahl, and, furthermore, all 
were military personnel who presumably were identified 
as not having significant heart disease before entry into 
the military. Moreover, only 6 (3%) patients were >40 
years old, 113 (65%) were stationed in the Far East 
when they died and 96 (55%) died from 1950 to 1959. 

In our study, all opiate addicts, regardless of occupa- 
tion or cause of death, were included. They were older 
(40 [24%] were >40 years old), almost all (164 [98%]) 
died in 1 geographic location within the United States, — 
and most (105 [63%]) died from 1981 through 1988. 
Aside from patient selection, the method of examination 
differed between the 2 reports. All hearts in our study 
were examined by 1 or both of the investigators whereas 
Frode and Stahl’s data were collected from necropsy re- 
ports written by various examiners with presumably dif- 
ferent levels of experience and by different techniques of. 
examination. Thus, several factors including patient se- 
lection and methods of examination at necropsy may be 
responsible for the higher incidence of cardiac disease 
found in our study. 

The modes of death in our patients also differed 
from those in previous reports. We found death due to 
the consequences of infective endocarditis in 67 (40%). + 
patients, overdose in 39 (24%), atherosclerotic coronary 
artery disease in 12 (7%), pulmonary granulomatosis in 















7 (4%), and the remaining 43 patients died of 15 vari- 
ous diseases (7 cardiac and 8 noncardiac). Although 
several previous reports have focused on the cause of 
death in opiate addicts having necropsy, they also limit- 
ed their study groups to patients with deaths thought to 
be related to narcotic abuse. The frequency of death 
‘from drug overdose is generally higher while that of in- 
fective endocarditis, coronary artery disease and other 
cardiac diseases is lower in earlier studies compared to 
ours. Helpern and Rho* reported 1,561 patients studied 
by the office of the Chief Medical Examiner of New 
York City from 1950 to 1961. Only deaths due to 
“acute narcotism” or the “direct complications of nar- 
cotic addiction” were included. Deaths were caused by 
overdose in 762 (48%), “narcotism and alcoholism” in 
159 (10%), pyogenic infections including infective endo- 
carditis in 103 (8%) and “heart disease” in 70 (4%). 
Siegal et al,4 in a study of 120 addicts who died of 
“drug overdose or complications of drug abuse,” found 
101 (84%) deaths from drug overdose, 7 (6%) from in- 
fective endocarditis and none from other cardiac dis- 
eases. Wetli et al! reported 100 consecutive autopsies 
in patients whose death “related to the illicit use of nar- 
cotics.”” Overdose accounted for 86 (86%) of the deaths 
while none died of infective endocarditis or other cardi- 
ac diseases. These studies, in ways similar to that of 
Froede or Stahl,!' differ from ours in patient selection 
and methods of examination. Only medical examiner’s 
cases with deaths related to drug abuse were used in 
each. 

To our knowledge, ours is the first study to examine 
opiate addicts at necropsy without limiting the selection 
‘to those cases recognized as drug-related deaths. The 





FIGURE 9. Left ventricular outflow tract and ascending aorta showing acute dissection in a 31-year-old man (DCMEO 486-05- 
379) who became lightheaded and died suddenly 6 hours later. a, longitudinal section through ascending aorta (AA) and left 
ventricle showing transverse tear with dissection. Blood had ruptured into pericardial space. b, photomicrograph of ascending 
aorta showing extensive mononuclear infiltrates. c, high magnification view of b showing numerous eosinophils among the 
mononuclear cell infiltrates. Hematoxylin and eosin stain; X 54 (b), X 300 (c). 
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increased frequency of cardiac diseases and deaths from- 
cardiac illnesses in our study compared to previous ones 
reflects this difference. Although previous studies, by: 
excluding those with nondrug-related deaths, may have 
underestimated the frequency of cardiac abnormalities 
in opiate addicts, it is likely that our study has overesti- 
mated it. Our study reports findings of hearts collected 
from many different institutions. Some of the submit- 
ting institutions have in turn selected cases considered 
to be of particular cardiovascular interest or in which 
the cause of death was uncertain. Because our primary 
interest is cardiovascular disease, the proportion of cases 
we see with cardiovascular abnormalities is likely to be 
higher than its true frequency. Thus, the frequency of 
cardiovascular abnormalities and deaths in the opiate 
addicts reported herein is probably higher than is actu- 
ally the case. The true frequency of cardiovascular 
problems in opiate addicts probably lies between the 
aforementioned reports and the present one. 
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Nursing Mothers: It is recommended that women who wish 
to breast-feed should not take this drug. 


Pediatric Use: Safety and efficacy in patients under the age 
of 18 have not been established. 


Use in the Elderly: Pharmacokinetic parameters did not 
differ between elderly hypertensive patients (>65 years) 
and healthy controls after one week of CARDENE 20 mg 
TID. Plasma CARDENE concentrations in elderly hyperten- 
sive patients were similar to plasma concentrations in 
healthy young adult subjects when CARDENE was admin- 


3. Pepine C. Nicardipine, a new calcium channel blocker: Role 
for vascular selectivity. Clin Cardiol. 1989;12:240-246 


i) maximum of 40 mg T.I.D. 





istered at doses of 10, 20 and 30 mg TID, suggesting that the 
pharmacokinetics of CARDENE are similar in young and 
elderly hypertensive patients. No significant differences in 
responses to CARDENE have been observed in elderly 
patients and the general adult population of patients who 
participated in clinical studies. 


ADVERSE REACTIONS: in short-term (up to three 
months) studies 1,910 patients received CARDENE alone or 
in combination with other drugs. In these studies, adverse 
events were generally not serious but occasionally required 
dosage adjustment. Peak responses were not observed to 
be associated with adverse effects during clinical trials, but 
physicians should be aware that adverse effects associated 
with decreases in blood pressure (tachycardia, hypotension, 
etc.) could occur around the time of the peak effect. 


Angina: The most common adverse events include pedal 
edema and dizziness in about 7% of patients; headache, 
asthenia, flushing and increased angina in about 6%; pal- 
pitations in about 3%; and nausea and dyspepsia in about 
2%. Adverse events occurring in about 1% of patients include 
dry mouth, somnolence, rash, tachycardia, myalgia, other 
edema and paresthesia. Sustained tachycardia, syncope, 
constipation, dyspnea, abnormal ECG, malaise, nervous- 
ness and tremor occurred in less than 1% of patients. 


In addition, adverse events were observed which are not 
readily distinguishable from the natural history of the ath- 
erosclerotic vascular disease in these patients. Adverse 
events in this category each occurred in <0.4% of patients 
receiving CARDENE and included myocardial infarction, 
atrial fibrillation, exertional hypotension, pericarditis, heart 
block, cerebral ischemia and ventricular tachycardia. It is 
possible that some of these events were drug-related. 
Hypertension: The most common adverse events include 
flushing in about 10% of patients; headache and pedal 
edema in about 8%; asthenia, palpitations and dizziness ir 
about 4%; tachycardia in about 3%; nausea in about 2%; 
and somnolence in 1%. Dyspepsia, insomnia, malaise, other 
edema, abnormal dreams, dry mouth, nocturia, rash and 
vomiting occurred in less than 1% of patients. 

Additionally, the following rare events have been reported: 
infection, allergic reaction, hypotension, postural hypoten- 
sion, atypical chest pain, peripheral vascular disorder, ven- 
tricular extrasystoles, ventricular tachycardia, sore throat, 
abnormal liver chemistries, arthralgia, hot flashes, vertigo, 
hyperkinesia, impotence, depression, confusion, anxiety, 
rhinitis, sinusitis, tinnitus, abnormal vision, blurred vision, 
increased urinary frequency. 

More detailed professional information available on request. 
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ventricular (LV) function obtained from radio- 
“nuclide angiography are computed after the LV 
__ time-activity curve has been temporally smoothed. 
_ This smoothing process may introduce important 
__. systematic errors into the analysis. To assess this 
potential effect, high temporal resolution time-ac- 
_ tivity curves (20 ms/point) were obtained in 113 
-normal subjects, 175 patients with coronary artery 
_ disease and 171 patients with hypertrophic cardio- 
‘opathy. The curves were then subjected to 0-, 
, 5-, 7- and 9-point temporal smoothing. In each 








: group, increased smoothing progressively and con- 
_. sistently underestimated ejection fraction by up to 
:- 5% (p <0.001) and peak ejection rate by up to 

-< 14% {p <0.001). A greater effect on peak filling 
-rate was observed: 5-point and 9-point 
reduced peak filling rate by 10% and 23% in nor- 
mal subjects, 3% and 10% in patients with coro- 






en the same data obtained at lower temporal 
l (40 ms/point) were analyzed: 5-point 
9-point smoothing resulted in underestimation 
ak filling rate by 20% and 46% in normal sub- 
ts, 13% and 43% in coronary artery disease 

| 16% and 34% in hypertrophic cardiomyopa- 

_ thy. The underestimation was not uniform, and its 

_ magnitude varied considerably among individuals in 
_ each of 




















the 3 groups. Thus, smoothing of LV time- 
y curves may result in significant systematic 
computation of indexes of LV systolic and 
ic function, especially in data with poor tem- 
| resolution. These concepts apply to other im- 
ing methods, such as magnetic resonance imag- 
ing and cine-computed tomography, that assess LV 
_ function from the LV volume curve. Although ejec- 
_ tion fraction is affected only mildly by these errors, 
_ both peak filling rate and peak ejection rate may be 








(Am J Cardiol 1989;64:921-925) 
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ical technique for investigating left ventricular 

(LV) function and is used widely in patient eval- 
uation and management. In addition to measurement of 
ejection fraction, the analysis of the radionuclide angio- r 
graphic LV time-activity curve (a measure of change in 
relative LV volume during the cardiac cycle) yields oth- 
er indexes of LV systolic and diastolic function, includ- 
ing peak ejection rate, peak filling rate and timing inte: 
vals.!-3 The reliability of this information, howeve: 
depends in large part on the statistical precision of mea- 
surement. Since time-activity curves obtained from ra- 
dionuclide angiograms contain counting fluctuations 
due to the random nature of radioactive decay, tempo- 
ral smoothing algorithms are often applied routinely to a 
these curves before analysis of LV function>!* to sup- 
press this source of “noise.” However, such smoothing _ 
methods may affect the magnitude of the resultant val- _ 
ues. Therefore, the present study was undertaken to de- 
termine empirically if smoothing introduces important ` 
changes in measures of LV function and if these 
changes are uniform among subjects with and without 
heart disease. : 


METHODS ee 
Patient selection: We studied 3 patient groups retro ooo 
spectively, all of whom had normal LV ejection fraction 
at rest and were taking no medications at the time of 
radionuclide angiography. We selected 113 normal con- 
trol subjects, all of whom had no demonstrable evidence _ 
of heart disease. These subjects included normal volun- 
teers, cancer patients undergoing radionuclide angiogra- 
phy before receiving chemotherapy and patients with 
chest pain and normal coronary arteriograms. In the 
latter subgroup, physical examination and echocardiog- 
raphy excluded the possibility of valvular heart disease 
or cardiomyopathy. The second patient group consisted 
of 175 patients with angiographically proven coronary © 
artery disease, defined as reduction in luminal diameter. 
of at least 1 major epicardial coronary artery. The third. 


R eein ventriculography is an important clin- 
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_- diomyopathy, the diagnosis of which was based on echo- 
~ cardiographic demonstration of a hypertrophied non- 
dilated left ventricle in the absence of another cardiac 
or systemic disease capable of causing hypertrophy. We 
included only patients with normal ejection fractions to 
avoid the potential confounding effects of poor LV func- 
-tion as a cause of statistical imprecision. The lower limit 
of normal for resting ejection fraction in our laboratory 
is 45%.! These patient populations were chosen for 
study specifically because of differences in the shape of 
the LV volume curve, particularly in the rapid filling 
phase, among patients with coronary artery disease and 
those with hypertrophic cardiomyopathy compared to 
normal subjects.!.2:!9.20 
‘Radionuclide angiography: Radionuclide angiogra- 
phy was performed with patients in the supine position 


5 point temporal 
smoothing 


9 point temporal 
smoothing 
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FIGURE 1. Effect of progressive temporal smoothing on a 
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group consisted of 172 patients with hypertrophic car- with red blood cells labeled in vivo with 15 to 20 mCi 













of technetium-99m and a conventional Anger camera _ 
equipped with a high sensitivity, parallel hole collimator — 
oriented in a modified left anterior oblique position. A 
total of 10 million counts was acquired for each study. 
High temporal resolution cardiac image sequences of 20 
ms/frame (or 50 frames/s) were constructed by com- 
puter-based electrocardiographic gating using list mode _ 
data acquisition with exclusion of extra- and postextra- 
systolic cycles and combined forward and reverse gating 5 
from the R wave.?! In our laboratory, all indexes of LV 
function are calculated from these raw time-activity _ 
curves without temporal smoothing. Ejection fraction, 
peak ejection rate and peak filling rate were recorded 
for each patient, as presented below. 

Temporal smoothing process: Successive temporal 
smoothing was performed on the raw time-activity 
curves of each patient using 3-, 5-, 7- and 9-point 
smoothing algorithms, in which the final value of each 
point on the curve was determined by the raw value of 
that point averaged with the raw values of neighboring 
points. For example, in the case of 3-point smoothing, 
each point was determined after averaging the data in 
that point with the data in the adjacent points. In a 
similar fashion, 5-, 7- and 9-point temporal smoothing 
would be performed by including a greater or lesser . 
number of points in the smoothing algorithm. 

Since background correction effects might result in 
unpredictable and unmeasurable alterations in values of 
ejection fraction, peak ejection rate and peak filling 
rate, all of these values were calculated from both the 
raw and the temporally smoothed time-activity curves 
without background correction. This provided a method 
to evaluate the magnitude of change, if any, induced by 
progressive smoothing processes on the indexes of LV 
function, independent of background effects. For the 
raw time-activity curves and each smoothed curve, the 
peak rates of systolic ejection and diastolic filling were 
calculated by fitting third-order polynomial functions to 
the ejection phase and the rapid filling phase of each 
curve.!22 For each patient, the values obtained from the 
raw time-activity curves were used as the control value _ 
and set at 100%. Changes in each variable produced by 
successive levels of smoothing were then presented as a 
percentage of the unsmoothed value. Eo e 

Effect of temporal resolution: To evaluate the po- 
tential compounding effect of smoothing on time-activi- 
ty curves obtained with less temporal resolution, we 
compressed the high temporal resolution curves from 20 
ms/point (50 points/s) to 40 ms/point (25 points/s). 
This was accomplished by averaging the values of suc- 
cessive pairs of data points. The 3-, 5-, 7- and 9-point 
smoothing functions were then repeated for each of 
these lower resolution time-activity curves, from which 
the quantitative indexes of LV function (ejection frac- 
tion, peak ejection rate and peak filling rate) were again 
determined. Changes in each variable at successive lev- 
els of smoothing on the low temporal resolution curves 
were computed as a percent change of the value ob- 
tained from the unsmoothed high temporal resolution 


curve. 








o ana yrd using paired ¢ tests, comparing the un- 
- smoothed high temporal resolution data to the data ob- 
tained by 3-, 5-, 7- and 9-point smoothing. The same 
"| process was repeated for the data obtained for the low 
temporal resolution data at 40 ms/point, comparing the 
3+, 5-,.7- and 9-point smoothed data to the high tempo- 
< tal resolution unsmoothed data. 


RESULTS 
_- Effect of temporal smoothing: The effect of progres- 
-siye temporal smoothing is depicted in Figure 1. Both 5- 
<: and 9-point smoothing result in a smoother appearance 
_ of the processed curves with less noise than is evident in 


the raw time-activity curve. However, the smocthed 


» curves also demonstrate a loss of detail apparent in the 

- original time-activity curve. Smoothing also resulted in 

_ significant changes in quantitative measures of LV 
_ function. 


NORMAL 


PERCENT OF CONTROL (unsmoothed) VALUE 









- Statistical analysis: Data within patient groups were 


i _opathy (HC) and coronary artery disease (CAD). Temporal, 
esi a i 


























For each patient group, increasing degrees of tempo- _ 
ral smoothing of the time-activity curves progressively: 
and consistently resulted in a significant reduction of all 
of the calculated indexes of LV function (Figure 2). At © 
the highest level of smoothing (9 point), ejection frac: 
tion was underestimated by 4 to 5%, peak ejection rate 
by 11 to 24% and peak filling rate by 10 to 23%, At. 
each level of smoothing, the underestimation of each 
variable was highly significant within each patien 
group. The underestimation was not uniform, and, even 
among patients in the same group, the magnitude of- 
change at each level of smoothing varied greatly. For 
example, peak filling rate was underestimated 23 + 8% 
by 9-point smoothing in normal subjects, whereas it was 
underestimated by 10 + 9% in patients with coronary 
artery disease. 

Effect of low temporal resolution: In the data con- 
structed at low temporal resolution (framing rate of 2 
frames/s), progressive smoothing resulted in significant 
underestimation of all indexes of LV function compared 
to both the unsmoothed low temporal. resolution curve 
and the corresponding high temporal resolution curve. 
with the same level of smoothing (Figure 3). In the low 
temporal resolution data, 9-point smoothing underesti-. 
mated ejection fraction by 11 to 16% and peak filling 
rate by 32 to 46%. Examples of the effect of data ob- 
tained at low temporal resolution are shown in Figure 4 4 
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had a greater effect on the low temporal resolution 


a In ‘many inhoratories, time-activity curves obtained 
a by ‘radionuclide angiography are often temporally 


` smoothed in an effort to derive quantitative data de- 


scribing LV function. !8 This smoothing process is ap- 


plied to either the raw image sequence to improve visual 
“interpretation of the radionuclide cineangiograms or to 


‘the resultant time-activity curve to reduce noise and to 
improve reproducibility of the data. However, the im- 
pact of such temporal smoothing on the quantitative re- 


sults has not been investigated fully. 


Effect of temporal smoothing: Our results indicate 
that important errors may be introduced by smoothing 
algorithms. Many variables describing LV function are 
underestimated significantly and in a progressive man- 
ner by higher degrees of smoothing (Figure 2). More- 
over, this effect is augmented in data processed at low 
-temporal resolution (Figure 3). 

We investigated only 1 method of temporal smooth- 
ing in the current study, involving sliding smoothing al- 
gorithms. It is possible that our results might have dif- 


fered if alternative smoothing algorithms had been test-_ 


ed. Based on the results of our model, however, we 
believe that these findings may be generalized to other 
methods of temporal processing. Algorithms that re- 
quire heavy temporal smoothing of data by any method 
-may seriously underestimate the very parameters that 
they have been developed to calculate. Indeed, similar 
effects have been demonstrated using progressively 
higher degrees of Fourier or polynomial smoothing.” 
> This- suggests that apparently disparate results among 
+ various studies regarding indexes of LV function (such 
‘cas peak filling rate) in patients with heart disease may 
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quisition and processing, in addition to possible differ- 
ences in patient selection or in LV performance, among 
these studies. ; 

Our use of third-order polynomial fitting to limited 
regions of the time-activity curve for determination of 
peak ejection and filling rates is in effect another type of 
smoothing, which may also result in underestimation. of 
the true value of these variables. Hence, the magnitude 
of the error in quantitative indexes of LV function im- 
posed by progressive smoothing, compared to their true 
value, may actually be greater than indicated in this. 
study. a 

Among all 3 patient groups, the underestimation re- 
sulting from the smoothing process was. not uniform, 
and the magnitude of underestimation varied. greatly 
among patients within each group. We were unable. to 
predict, either prospectively or retrospectively, the mag~ 
nitude of the error of each variable in any individual 
patient or any group of patients. Hence, a correction 
factor or formula cannot be generated to correct for this 
unpredictable underestimation. 

There were, however, important differences among 
the 3 patient groups. The underestimation of the peak. 
rate of rapid diastolic filling was more pronounced. in 
normal subjects compared to the patients with coronary 
artery disease (Figure 2). This greater underestimation.” 
of peak filling rate at higher degrees of smoothing in- 
normal data arises from the steeper rapid filling phase — 
in normal subjects compared to many patients with cor- _ 
onary artery disease,!3~¢ and the fact that high-frequen- 
cy changes in the volume curve are more susceptible to 
the effects of temporal smoothing.” This particular ef- 
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_ fect will tend to obscure the magnitude of physiologic 
< differences in the rapid filling phase between normal 
< subjects and patients with heart disease in studies in 
which heavy smoothing algorithms are applied. 
For purposes of this study, we chose a selected pa- 
-tient population to demonstrate the influence of tempo- 
tal smoothing. Our study was not designed to demon- 
strate differences in the magnitude of the underestima- 
tion based on disease process alone. Moreover, since we 
chose only patients with normal ejection fractions, we 
_ did not explore the impact of the smoothing algorithms 
_ in patients with moderate or severe LV dysfunction, in 
which greater statistical imprecision will also impact on 
the results. 

Effect of temporal resolution: Our results also dem- 
onstrate that data acquired at low temporal resolution 
are susceptible to the greatest errors of temporal 

smoothing (Figure 3) and may seriously underestimate 

_ indexes of LV systolic and diastolic function. This result 
E is not unexpected, as a reduction in temporal resolution 
-is in itself a form of temporal smoothing (Figure 4) that 
has previously been demonstrated to systematically un- 
- derestimate measurements of LV function.” Thus, sub- 

~ sequent application of temporal smoothing processes to 
“data obtained at low framing rates has an additive 
smoothing effect. Data processed in this manner will 
impact importantly on the quantitative results of radio- 
nuclide angiography. It should be emphasized that these 
findings are not unique to radionuclide angiography and 
will also apply to other methods, such as magnetic reso- 
nance imaging or cine-computed tomography,?+* 

-= which have inherently lower framing rates (and hence 
lower temporal resolution) than radionuclide angiogra- 
phy. Our results indicate that measures of LV function 
obtained from analytic methods that use temporal 
smoothing algorithms, especially in studies of low tem- 
poral resolution, should be interpreted with caution. 
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| ST-Segment/Heart Rate Slope a 


Peter M. Okin, MD, and Paul Kligfield, MD 


FS a a a Oe eT Ce ere 
The ST-segment/heart rate (ST/HR) slope has 
markedly improved the accuracy of the exercise 
electrocardiogram for the identification and quanti- 
fication of coronary artery disease. However, clini- 
cal use of this technique has been limited by time- 
consuming manual ST-segment measurements and 
calculator-based linear regression analyses after 
testing. To assess the accuracy of on-line comput- 
erized measurement of ST-segment depression and 
recently implemented ST/HR slope algorithms, 50 
patients exercised with a Marquette Electronics 
CASE 12 system and 50 patients exercised with a 
Quinton Q5000 system were evaluated. Computer- 
ized ST-segment measurements, to the nearest 10 
HV, were compared with averaged manual mea- 
surements from the raw signal, to the nearest 25 
uV; at peak exercise in leads Il and CM. The 
CASE 12 and Q5000 algorithms for selection of 
data and calculation of the maximal ST/HR slope 
were compared with the ST/HR slope calculated 
from end-stage data points according to a standard 

-off-line procedure. Manual ST-segment measure- 
ments correlated highly with CASE 12 and Q5000 

-determinations (r = 0.996 to 0.998). The slopes of 
their regression lines approached unity (range 0.98 

to 1,02), and the standard errors of the estimate 
ranged from 12 to 15 4V. Each on-line program se- 
lected data points and determined ST/HR slopes in 
complete accordance with standard calculations. It 
is concluded that computer-based measurement of 
the ST/HR slope can be pertormed with a high de- 
gree of accuracy. 

(Am J Cardiol 1989;64:926-930) 
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by the exercise ST-segment/heart rate (ST/ 

HR) slope has improved test performance for 
the detection of coronary artery disease and for the 
identification of anatomically and functionally severe 
coronary obstruction.'“© However, the technical com- 
plexity and time-consuming nature of manual measure-. ~ 
ment of ST segments and multiple linear regression cal- 
culations have limited the clinical applicability of this 
method.*”-? Algorithms for computer-based determina- 
tion of the ST/HR slope have recently been incorporat- 
ed into the CASE 12 (Marquette Electronics, Inc.).and 
Q5000 (Quinton Instruments, Inc.) systems for exercise 
ECG. The purpose of this study was to test the accura- 
cy of computer-measured ST-segment deviation and 
ST/HR slope calculation in these 2 systems. 


A nalysis of the exercise electrocardiogram (ECG) © 


METHODS 
Patient population: The records of 100 -patients 
studied by either of 2 commercially available systems 
for exercise ECG that incorporate on-line algorithms 
for automated calculation of the ST/HR slope form the 
basis of this report. The primary reasons for exercise 
testing were evaluation of a chest pain syndrome (77%, 
77 of 100), and routine evaluation before beginning an- 
exercise program (11%, 11 of 100). The first 50 patients 
were studied using a CASE 12 system (34 men and 16 
women, mean age 55 years, range 27 to 83). The second: 
50 patients were studied using a Q5000 system (27 men 


and 23 women, mean age 55 years, range 33 to 76). ne 


Exercise electrocardiography: All patients were €X- 


ercised according to the Cornell protocol.” This isa 


more gently graded modification of the Bruce protocol 
that produces the small HR increments between stages 
necessary for accurate implementation of the ST/HR 
slope method. Exercise ECGs were performed on a 
treadmill using either the CASE 12 or Q5000 system, 
each modified by the addition of a bipolar CMs lead to 
the standard 12-lead recording system. After each min- 


ute of exercise and at peak exercise, 2.5 seconds of raw. 


signal from each of the 13 leads were recorded in the 

standard manner. Sa cee 
Each system provides continuously updated, com- 

puter-based measurement of ST-segment levels in each 


lead, with ST-segment amplitudes measured to the _ 


nearest 10 «V at a point set 60 ms after the J point, 
using the end of the PR segment as reference. The 


CASE 12 measurement system is based on incremental 


updating of normal complexes during exercise, with am- _ 


plitude of the digitized ECG waveform continuously — 














adjuncd by a fraction of the voltage difference of corre- 
` sponding portions of successive beats with normal con- 
ee figuration. In contrast, the Q5000 measurement algo- 
_. rithm uses arithmetic averaging of the previous 20 sec- 
< onds of normal complexes, with amplitude of the 
digitized waveform updated every 10 seconds. 
_ Comparison of computer and physician ST-segment 
` measurements: Computer measurement of ST-segment 
deviation was compared with physician measurement in 
-standard lead II and bipolar lead CMs on peak exercise 


_ ECGs. Physician measurement of ST-segment deviation 


: © was performed to the nearest 25 uV at a point 60 ms 
“after the J point, from the raw ECG signal, using con- 


secutive PR segments as the baseline. Three to 5 mea- 


-surements were averaged to produce a mean ST-seg- 
ment value, recorded to the nearest 5 uV. Computer 


_ measurement of ST-segment depression or elevation to 


the nearest 10 uV was available for each patient from 
the simultaneous signal-averaged complexes. 

_. $T-segment/heart rate slope calculation: Standard 
ff-line calculation of the maximal ST/HR slope was 
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TABLE I Correlation of Manual and Computer ST-Segmient 
Measurements 


r SEE 


Lead Value (uV) 


Slope (95% CH 


























II (CASE 12) 0.997 12 0.98 (0.95--1.01) 
li (Q 5000) 0.998 12 1.02 (1.00-1.05) 
CMs (CASE 12) 0.996 13 1.01 (0.98-1.04) 
CMs (5000) 0.996 15 1.01 (0.98-1.04) 





CI = confidence interval; SEE = standard error of the estimate. ree 


performed by linear regression analysis (least square 
method) on a hand-held calculator, to relate the com- — 
puter-measured amount of ST-segment depression in. 
each lead (except aVR, aVL and V1) to the HR at the - 
end of each stage of exercise and at peak exercise.45.7-? 
For calculation of the ST/HR slope, only ST-segment _ 
depression was used. Every ST-segment elevation was _ 
treated as a zero value for regression analysis purposes. — 

Linear regression analysis was performed from the 
end of exercise to earlier intermediate stage points using _ 
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is plotted as a positive num- 





ST-segment depression as the dependent variable. If the 
final exercise stage lasted <1 minute, its data point re- 
placed that of the previous stage. However, if the final 
stage lasted >1 minute, its data point was included as 
the final data point used in the analysis. 

The slope derived from linear regression analysis of 
the final 3 data points was compared with slopes ob- 
tained by including progressively earlier data points in 
each lead. The highest ST/HR slope with a statistically 
significant correlation coefficient was then taken as the 
test finding for that lead. If no positive slope with a 
statistically significant coefficient of correlation was 
found, the ST/HR slope was considered noncalculable 
in that lead. When no ST-segment depression was pre- 
_ Sent over the final 3 stages of exercise, the ST/HR 
slope. for the lead was equal to zero unless a statistically 
significant value resulted from inclusion of earlier data 
points. After calculation of the maximal ST/HR slope 
in each lead, the highest ST/HR slope with a signifi- 
cant coefficient of correlation among all the leads was 
taken as the final test result. 


r = 0.998, p< 0.0001 
Slope = 1.02 
See = 12u V 
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Difference in ST depression (physician-Q5000) (uV) 


t = 0.996, p< 0.0001 
Slope = 1.01 
See = 15nV 
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HR as the independent variable and the magnitude of gment/heart rate slope 
! mentation of on-line calculation of the ST/HR slope, 





_ ST- ‘mtemnatlons Impe 
given accurate automated ST-segment measurement, 
involves appropriate data selection and formal, repeti- 
tive linear regression analysis by the least square meth- 
od. For both the CASE 12 and Q5000 systems, HR and 
computer-measured ST-segment levels are selected 
from the end-stage and end-exercise data in each lead, 
and ST/HR slope values are calculated using software — 
barai. on the standard off-line method outlined earli- 
er. 

At completion of the exercise test, both the CASE 
12 and Q5000 systems print a tabular array of HR and: 
ST-segment depression data used for the ST/HR slope 
calculations. This allows the choice of data points for 
ST/HR slope calculation to be reviewed. Each system 
then prints the maximal ST/HR slope and its corre- 
sponding r value for each lead, and identifies the maxi-. 
mal ST/HR slope for the test. 

Data analysis: Values for ST-segment deviation ob- — 
tained by computer and physician. measurements were 
compared using linear regression analysis, as were on- 
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and off-line ST/HR slope calculations. The standard 
error of the estimate (SEE), coefficient of correlation 
(t) and slope of the line of regression with its 95% confi- 
_ dence interval were calculated for each regression anal- 
ysis. The degree of agreement between computer and 
- physician determinations was then assessed by con- 
structing plots of the difference between the methods 
against their means.!° 


RESULTS 
o Computer and physician ST-segment measure- 
ments: The relations between physician and computer 
measurements of ST-segment depression are listed in 
Table I and shown in Figures 1 and 2. CASE 12 and 

- Q5000 determinations were strongly correlated with 

manual ST-segment measurements in each lead, and 

the slopes of their regression lines approached. unity. 
The degree of agreement between physician and com- 
puter measurements of ST-segment depression also is 
-shown in Figures 1 and 2. Agreement was high between 
the methods for both the CASE 12 and Q5000 systems. 
__ The mean differences between physician and computer 
measurements ranged from —1.1 to 3.8 uV, with limits 
of agreement (+ 2 standard deviations of the differ- 
-| ences) not.exceeding + 30 pV. 

"tion: The relation between standard off-line selection of 
data and calculation of the ST/HR slope and on-line 
computer data selection and calculation is shown in Fig- 
ure 3 for both the CASE 12 and Q5000 systems. It 

~ should be noted that the 100% accuracy found for each 

-system is not simply a result of mathematical agree- 
ment between computer- and calculator-based linear re- 
gression analyses, but also represents complete accord 
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-with our standard off-line procedure for selection of 


ty 
8 10 >10 
Computer ST/HR slope calculation 
(uV/bpm) 


end-stage and peak-exercise data points for inclusion in: `- 
the regression analyses, as defined in the Methods sec- 
tion. 


DISCUSSION 

Our findings demonstrate that ST/HR slope data 
acquisition and calculation can be performed with a 
high degree of accuracy on 2 commercially available ex- 
ercise ECG systems. Excellent agreement was found be- 
tween careful manual measurement of ST-segment de- 
pression from standard ECG tracings and simultaneous — 
computer measurement of signal-averaged ST-segment _ 
depression using the CASE 12 and Q5000 systems. Be- 
cause calculation of the ST/HR slope is highly depen- 
dent upon accurate ST-segment determinations,°7°? 
this allows the reliable use of these measurements in the 
serial linear regression analyses required for ST/HR 
slope calculation. BO 

Automated ST-segment measurement is highly © 
dependent on the accurate identification of QRS onset 
and offset, and on the specific signal-averaging method- ~ 
ology used.!!12 Despite different QRS detection and 
signal-averaging algorithms, similar accuracy was found © 
for Q5000 and CASE 12 ST-segment determinations. - 
However, occasionally erroneous QRS onset and offset 
detection can lead to the improper selection of baseline 
amplitude, and signal noise and baseline drift can 
further adversely affect the accuracy of computer-de- __ 
rived ST-segment ‘determinations.®'!? Thus, compari- 
son of signal-averaged complexes with the raw ECG 
signal should be performed during each test before the 
validity of computerized ST-segment measurements is 


accepted. 























the digitized ECG waveforms, both the Q5000 and 
CASE 12 software algorithms determined the appropri- 
ate data points for use in the linear regression analyses, 
and performed ST/HR slope calculations that. were in 
total agreement with our standard off-line methods.45:7- 
? The enhanced clinical applicability resulting from on- 
line analysis of the ST/HR slope, combined with its im- 
proved test performance, should lead to more wide- 
spread use of this technique in the evaluation of patients 
with known or suspected coronary artery disease. This 
_ will allow further examination of the merits and limita- 

tions of this method3-57.9.13.14 in Jess highly selected 
` populations, 
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: Interval Therapy to Avoid Nitrate Tolerance: 


Paradise Regained? 





Sw patches (TDNTG) in 1982, considerable data 
have appeared confirming that this unique nitro- 
glycerin (NTG) delivery system is a potent inducer of 
nitrate tolerance. In a previous editorial I expressed con- 
-cern about this problem,' based on several early studies 
that appeared to document attenuation of antiischemic 
_ efficacy in angina pectoris and loss of hemodynamic ef- 
fect in congestive heart failure within 24 hours of initial 
< application. It is now clear that such tolerance is com- 
mon and is usually associated with an apparent com- 
plete loss of NTG efficacy in patients with angina as 
well as congestive heart failure treated with TDNTG on 
a daily basis (although long-term data in heart failure 
are very limited). Numerous studies have confirmed the 
-initial observations.2-!° The recently completed but as 
yet unpublished Food and Drug Administration-initiat- 
ed multicenter trial of TDNTG in angina pectoris, us- 
ing a wide range of doses (placebo and 15, 30, 45, 60, 
75, 90 and 105 mg/24 hours), has unfortunately con- 
firmed the worst fears: with long-term or daily use all 
-~ -treatment groups lost the initial (first dose) beneficial 
_. antianginal effect, which occurred only at the 4-hour 
__ post-TDNTG exercise test on the first day of therapy. 
No improvement in any exercise parameter was demon- 
__ strable after 8 weeks of daily administration of TDNTG 
at all dose levels in this placebo-controlled, double-blind 
trial involving over 500 subjects. 
`>.. The phenomenon of nitrate tolerance with TDNTG 
has been further illuminated by other data with oral 
< jsosorbide dinitrate, 5-isosorbide mononitrate and intra- 
` venous NTG. All of these formulations have been 
< “shown to produce partial or complete nitrate tolerance 
jn various studies.!'"'7 It is apparent that TDNTG is 
_ not unique in its potential for inducing tolerance. Rath- 
er, the pharmacokinetics of this formulation represent 
the most efficient nonparenteral delivery system avail- 
able for producing vascular attenuation to nitrates: 
steady-state, protracted exposure of arteries and veins to 
organic nitrate compounds and metabolites in the ab- 
"gence of a nitrate-free period that allows for restoration 
of vascular responsiveness. Thus, the problem of the 
<- NTG patches is shared by virtually all long-acting ni- 


. Se the introduction of transdermal nitroglycerin 
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trates; hemodynamic and clinically relevant tolerance — 
will occur in many to most patients when dosing regi- _ 


mens that are protolerant are used. In general, the char- 


acteristics of such regimens include frequent doses (e.g, 
4 times daily), use of long-acting (sustained-release) or 
continuous delivery systems (patch, intravenous NTG), 
large doses and, importantly, the absence of an ade- 


quate nitrate-free interval. Some have suggested that - 


tolerance may be accentuated by dosing protocols that 
do not allow for large peaks and valleys of plasma ni- 
trate levels, with a low nadir of nitrate concentration — 
occurring at some period throughout the day.'® : 
Conversely, nitrate dosing regimens that use less fre- 
quent administration, small or moderate size doses, 
short-acting compounds and a sufficiently long nitrate- 
free period appear to be able to prevent the development _ 
of significant tolerance, thus allowing a continued bene- 


ficial effect in patients with ischemic heart disease or __ 
congestive heart failure. Tolerance has yet to be docu- _ 
mented in any study using buccal NTG, a formulation 
with ideal pharmacokinetics for avoiding tolerance: rap- = 
idly rising and declining plasma NTG levels that make 


it easy to provide a prolonged nitrate “holiday” at 
night.!2,!9-21 Nevertheless, continuous application of a 
buccal NTG around the clock would more than likely 
induce vascular attenuation. 

Is the issue of nitrate tolerance still relevant? It is 
fair to ask whether the phenomenon of nitrate tolerance 
is truly important in light of the availability of other 
potent drugs for angina (§-adrenergic blockers, calcium 
antagonists) and effective vasodilators for congestive 
heart failure (angiotensin converting enzyme inhibi- 
tors). With these drugs, the issue of attenuation of ef- 
fect is negligible. Some have questioned whether any 
nitrate formulation other than sublingual or intravenous 
NTG has a place in our drug armamentarium. In my 
view, such negative judgments are misguided and pre- 
mature. Space considerations do not allow a detailed 


review of the many positive aspects of nitrate therapy. = : 


Table I lists the most obvious and important clinical 
benefits. I urge the unconvinced reader to review care- 


fully some of the many reports of nitrate therapy docu-" ` 


menting that these drugs are of proven effectiveness in 
cardiovascular medicine.>-7:!0!2,14.17,20,22-29 


Strategies to avoid nitrate tolerance (Table Ii): ge 


MECHANISMS OF TOLERANCE: Current concepts of nitrate 


tolerance have focused on impaired intracellular meta- | 
bolic conversion or biotransformation of administered = 
organic nitrate to nitric oxide, the moiety that resultsin 


stimulation of the enzyme guanylate cyclase with subse- 
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TABLE! ‘Common Clinical Indications for Nitroglycerin and 
- Long-Acting Nitrates 









| Myocardial ischemic syndromes 
Stable angina pectoris 
Unstable angina pectoris 
Acute myocardial infarction 
Silent ischemia* 
Coronary vasospasm 
Congestive heart failure 
Vasodilator therapy: reduction of cardiac preload and 
afterload 
_. Mitral regurgitation* 
Prevention of postinfarct left ventricular dilatation* 
Blood pressure contro! 
Acute hypertension 
-Controlled arterial pressure during neurosurgical, 
vascular and orthopedic procedures 
Systolic hypertension of the elderly* 


* Limited but promising data. 


quent accumulation of cyclic guanosine monophosphate 
and vascular smooth muscle relaxation. In the presence 
of tolerance, there appears to be a decreased ability of 
administered nitrate to undergo metabolic conversion to 
nitric oxide, probably due to a relative unavailability of 
reduced intracellular thiol groups.3°3! Recent evidence 
Suggests that extracellular pathways of organic nitrate 
“metabolism may provide an alternative pathway for 
conversion to nitric oxide.>? In the tolerant state, there is 
reduced nitric oxide generation leading to a subsequent 
failure of smooth muscle relaxation (i.e., attenuation of 
nitrate vascular action). 
In vitro experiments have documented decreased 
generation of cyclic guanosine monophosphate in the 
-presence of nitrate tolerance, but not an abnormality of 
the enzyme guanylate cyclase, which remains fully re- 
- Sponsive to sodium nitroprusside and molsidomine, 
agents that result directly in intracellular nitric oxide 
_ generation, bypassing the cysteine-dependent metabolic 
-cascade specific for the organic nitrates.3°-32 Other fac- 
_ tors may also play a role in the development of nitrate 
tolerance, including activation of neurohumoral systems 
and plasma volume expansion.3334 
SULFHYDRYL DONORS: Several studies have demon- 
strated that sulfhydryl administration in the form of ex- 
ogenous thiol donors (N-acetylcysteine, methionine) can 
enhance the vasodilating actions of nitroglycerin in the 
nontolerant state,>>36 and may be able to reverse or pre- 





















Vent tolerance during sustained nitrate exposure,!7.37 


_ perhaps in part by potentiating any residual nitrate ef- 
fects. Such strategies are purely investigational and at 


e present appear to offer little practical benefit in prevent- 


ing tolerance during long-term nitrate administration. 
The use of angiotensin converting enzyme inhibitors, 
with or without sulfhydryl groups, is being actively in- 
vestigated as a method for preventing tolerance (R. 
Katz, personal communication). A recent preliminary 
study in angina pectoris suggests that enhanced activa- 
tion of the renin-angiotensin axis and increased plasma 
norepinephrine levels correlate with nonresponsiveness 


the rapid development of tolerance.38 


or resistance to TDNTG, providing a possible clue to- 






















TABLE Hl Guidelines to Avoid Nitrate Tolerance 
Less frequent dose administration = : 
Avoidance of sustained or continuous action formulations 
Use of smallest effective dose possible ` 
Provision of a nitrate-free interval (intermittent therapy), 

especially when long-acting formulations are administered 
(nitroglycerin patch, sustained action Capsules, intravenous 
nitroglycerin) 










INTERVAL THERAPY: Many studies have demonstrated 
that nitrate dosing schedules punctuated by a prolonged 
nitrate-free interval can maintain hemodynamic respon- 
siveness and the beneficial clinical actions of nitrates in 
angina pectoris®7.!1!339.40 and congestive heart fail- 
ure.54142 The variety of such drug regimens is remark- 
able, and in part depends on the nature of formulation 
used. TDNTG has been used in trials with 4-, 8-, 10-, 
12- and even 24-hour intervals between patch adminis- 
tration. Numerous small trials5-73940 and 1 large 
study*® support the use of intermittent TDNTG patch 
application to avoid tolerance. Oral isosorbide dinitrate 
has been successfully used with 2- and 3-times daily 
dosing resulting in little to no tolerance, whereas a 4- 
times-daily regimen in the same subjects induced partial 
nitrate tolerance with a decreased effectiveness in angi- 
na!! and congestive heart failure.44 Sustained-action iso-: 
sorbide dinitrate!? and 5-isosorbide mononitrate (unm 
published data) have been given in asymmetrical dosing 
schedules (e.g., 8 am. and 2 pM.) with preservation of ’ 
nitrate efficacy on the following day. Large doses of ~~ 
oral sustained-release isosorbide dinitrate (120 mg) 
have been used once daily, resulting in prolonged anti- 
anginal protection for many hours.!? Intravenous nitro- 
glycerin infusion in congestive heart failure has been 
tested with 4-, 8- and 12-hour off periods; only a 12- 
hour NTG-free interval was effective in maintaining the 
desired hemodynamic profile in patients with heart fail- 
ure.*! In studies in angina as well as heart failure, con- 
tinuous infusion of intravenous NTG for >24 hours has 
resulted in marked attenuation of effect.!74! 

While many of these innovative dosing regimens _ 
have been successful and represent optimal approaches _ 
to nitrate therapy today, the interval approach has po- 
tential disadvantages, which have not been fully eluci- 
dated. For instance, what about antianginal protection 
during the time period between doses, which can be as 


long as 12 or even 18 hours? With the oral formula- 


tions, there is a gradual waning of effect as plasma ni- 
trate concentrations slowly decline. After sudden cessa- 
tion of an intravenous NTG infusion or the removal of 
an NTG patch, tissue nitrate exposure rapidly dissi- 
pates, abruptly rendering the patient unprotected by 
available nitrate. Fortunately, adverse consequences. of 
intermittent therapy have been minimal thus far. How- 
ever, a recently published large multicenter trial using 
intermittent TDNTG in angina pectoris documented 
the onset of nocturnal or rest angina during the 12-hour 
patch-off period only in a subset of patients receiving 
active TDNTG therapy. No such events occurred in pa- 


tients treated with placebo patches.“? Another unpub- 








` lished intermittent TDNTG trial from Canada also sug- 
: gests patch-off angina may be a problem (B. Sussex, 
unpublished data). The possibility of nitroglycerin re- 
bound or withdrawal phenomena, perhaps similar to the 
experience of munitions workers,“* must be kept in 
In the multicenter study just cited,” there was also a 
discordance noted between the parallel placebo and 
~ treatment arms with respect to morning exercise test 
performance over the 1-month duration of the study; 
_ the TDNTG groups did not show the same degree of 
baseline treadmill test improvement over time as did the 
- placebo subjects (a presumed training effect). A de- 
crease in the morning angina threshold may have devel- 
oped during the study in the subjects who received ac- 
tive TDNTG. Further study is necessary to ascertain 
the importance of this observation.*5 Activation of the 
_ sympathetic nervous system or the renin-angiotensin 
-axis with TDNTG therapy provides a physiologic ratio- 
< pale for the concept of rebound vasoconstrictor forces 
acting during the patch removal periods.38.45 
Numerous studies of silent myocardial ischemia in 
-coronary artery disease have demonstrated a low fre- 
quency of ST-segment depression in the period from 
- midnight to 7 aM. in patients with chronic stable exer- 
tional angina. This provides reassuring evidence that the 
usual timing of the patch-off period during sleep occurs 
at a low risk time of day in patients who do not have 
rest pain or nocturnal angina. Concomitant use of other 
antianginal drugs, for example, calcium antagonists and 
B blockers, is common in patients with angina pectoris 
< and may represent an important strategy to provide 
ischemia protection during the patch-off interval.*° 


However, it is not clear that any currently available 
long-acting formulations of these agents provide an ade- 


quate pharmacologic “blanket” during the sleeping 
hours. 
— It appears unlikely that interval therapy with oral 
nitrates provides the same potential for rebound angina 
tas does intermittent transdermal NTG patch adminis- 
tration. Nitrate levels with oral isosorbide dinitrate de- 
cline gradually after each dose. No study to date has 
demonstrated adverse clinical events during the nitrate- 
free period during oral isosorbide dinitrate or 5-isosor- 
‘bide mononitrate administration, which may be 10 to 12 


hours or longer. However, a meticulous search for such 
-events has not been routinely undertaken. 
Specific investigations assessing the efficacy of 


-< TDNTG in silent myocardial ischemia have been too 
few thus far to provide meaningful clues to resolve this 
dilemma. Fragmentary data are reassuring,“ but 
more investigations with large numbers of patients are 
needed. The rapid onset of nitrate tolerance has been 

demonstrated in a recent high dose TDNTG study in 

„silent ischemia.“ 

‘© Conclusions: Nitrate dosing strategies using a ni- 

 trate-free interval appear to be effective, safe and able 
to avoid the induction of nitrate tolerance. The serious, 


— _ often near total tolerance that develops rapidly in many 
to most patients who use NTG patches also seems to be 


eliminated by regimens that include patch removal for 8 
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to 12 hours nightly. The exact length of the necessary 
nitrate-free interval is not known, and is probably dif-. 
ferent in different subjects and varies among differing 
formulations. One recent publication failed to confirm à 
significant residual antianginal effect with intermittent 
TDNTG using both a 6- and 10-hour patch-free inter- 
val.8 However, exercise testing was carried out too long. 
after active patch application (at 12 and 18 hours after” 
dosing), thus obviating the conclusion that intermittent ` 
patch therapy is of limited usefulness. It has been long: 
recognized that NTG patches induce some attenuation | 
of effect with first dose application after only 8 to 12 _ 
hours. oe 
Nitrate sensitivity and responsiveness are remark- 
ably different among patients: the ease of tolerance in- 
duction, heterogeneity of vascular bed responses and de- 
gree of neurohumoral activation are some of the vari- 
ables that complicate the picture. "oa 

Recommendations: Patients who have been success- 
fully treated with TDNTG may not need to have their — 
therapy altered if angina pectoris or heart failure is well _ 
controlled with continuous patch therapy. However, pa- 
tients with ischemic heart disease that is “active” (eg, 
frequent symptoms, episodes of rest pain, marked Si. 
segment shifts), or those who are at relatively high risk 
for future events, should be treated with nitrates con- 
comitantly with a B blocker and a calcium antagonist. — 
Initiation of therapy with TDNTG should use an inter- 
val or intermittent approach from the outset. Patients 
must be carefully counseled to report immediately any 
possible ischemic episodes during the patch-off or ni- ee 
trate-free period, and physicians must promptly and ag 
gressively treat such episodes. 

Nitrates are superb drugs for many cardiovascular 
conditions (Table I). Tolerance is a vexing and impor- ` 
tant problem that can definitely limit the usefulness of 
these agents. Intelligent dosing strategies, using nitrate- 
free intervals as the cornerstone of the drug regimen, 
should allow for effective, long-term administration of 
these drugs, alone or in combination with other vasoac- 
tive therapies. The large experience with intermittent 
dosing regimens provides considerable evidence that fu- 
ture cardiovascular therapy will not be completely ni- 
trate-free. 
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a — Doppler Measurements of Aortic Blood Flow 
_ Velocity and Acceleration: Load-Independent 
Indexes of Left Ventricular Performance? 


Julius M. Gardin, MD 








“© a substantial body of evidence has accumulated to 

: indicate that the peak acceleration of blood ejected by 
the left ventricle into the ascending aorta is probably 
the most sensitive indicator of ventricular performance. 
-Both peak flow velocity and outflow acceleration can 
be derived from ultrasonic flow records without quanti- 

~~ tative knowledge of the volume flow rate (stroke vol- 
~~ ume).” 
— Robert F. Rushmer, MD 


ince the pioneering work of Rushmer in the evalua- 
< M tion of left ventricular systolic function using 
~\J Doppler echocardiography, various experimental 
and clinical reports have suggested that Doppler mea- 
surements of peak aortic velocity and peak (or mean) 
acceleration may be useful indexes of left ventricular 
function.!-5> These measurements have been applied 
clinically in the evaluation of patients with acute myo- 
cardial infarction,>° dilated cardiomyopathy’ and con- 
_— gestive heart failure? and in patients undergoing exer- 
- cise studies.°!© However, it is known that loading condi- 
tions may have a significant influence on conventional 
_ (invasively measured) indexes of left ventricular systolic 
function, for example, ejection fraction.!! 
f Effect of loading conditions on Doppler aortic veloc- 
‘ity and acceleration: In this issue of The American 
Journal of Cardiology, 2 closely related studies evalu- 
ate the effect of changes in preload and afterload on 
Doppler measurements of ascending aortic blood flow 
velocity, velocity integral and acceleration in humans. 
Harrison et al!? performed continuous wave Doppler 
recordings of aortic peak modal velocity, peak accel- 
= eration and flow velocity integral in 14 young normal 
volunteers before and after infusion of methoxamine. 
- Heart rate was maintained constant by transesophageal 
atrial pacing. Methoxamine resulted in significant ele- 
vations (p 0.0004) in systolic (mean increase 26%) 
and diastolic (mean increase 31%) blood pressure, as 
well as in left ventricular peak systolic wall stress (mean 
increase 25%) and end-systolic wall stress (mean in- 
crease 26%). In response to these increases in blood 
pressure and afterload, aortic peak velocity decreased, 
on average, by 12%, and peak acceleration decreased by 
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11% (both p $0.006). Left ventricular end-diastolic di- 
mension (an M-mode echocardiographic measurement _ 
of preload) was unchanged after methoxamine infusion. 
Thus, in this study, Doppler aortic peak velocity and > 
peak acceleration were inversely related to afterload. 
In a related study by Bedotto et al, continuous 
wave suprasternal notch Doppler aortic recordings were _ 
performed before and after preload augmentation or af- 
terload reduction in patients undergoing simultaneous __ 
cardiac catheterization. In 10 patients, nitroprusside 
was administered to achieve a 10 to 20% reduction in 
mean aortic pressure, with a concomitant 29% mean de- — 
crease in left ventricular end-systolic wall stress. Nitro- 
prusside was administered in combination with saline to 
maintain a constant preload (no significant change in 
left ventricular end-diastolic pressure or dimension) 
Heart rate was maintained constant by atrial pacing. In _ 
response to this decrease in blood pressure and after- 
load, significant increases occurred in peak velocity 
(mean increase 25%), flow velocity integral (mean in- 
crease 20%) and mean acceleration (mean increase — 
46%). In 8 additional patients, saline infusion alone (av- 
erage 850 ml) was administered to increase left ventric- -= = 
ular end-diastolic pressure by 25 to 50%. Saline infusion - 
produced significant increases in left ventricular end- = 
diastolic dimension (p <0.0001), peak velocity (mean 
11%), flow velocity integral (mean 33%) and mean ac- 
celeration (mean 11%). There was no change in heart -. 
rate, mean arterial pressure or left ventricular end-sys- 
tolic stress. Thus, both reductions in afterload and in- _ 
creases in preload resulted in increases in Doppler aortic 
peak velocity, flow velocity integral and mean accelera- 
tion. Interestingly, in both of these studies, relatively 
modest changes in preload and afterload produced sig- 
nificant changes in Doppler aortic ejection phase index- 
es. 
Previous studies of the effect of loading conditions 
and heart rate on Doppler measurements: The results = = 
reported in these 2 studies are not surprising in view Of: 
previous invasive studies, as well as previous Doppler : 
studies of the effect of loading conditions on measure- 
ments at other sites. For example, previous work has _ 
demonstrated the effects of alterations in preload and 
afterload on Doppler left ventricular filling as assessed 
by Doppler transmitral flow velocity.'4 Specifically, in- 
creases in preload tend to shift filling from late diastole _ 
to early diastole. Conversely, increases in afterload tend _ 
to increase late diastolic filling at the expense of early _ 




















_ indexes in the pulmonary artery and right ventricular 
outflow tract are also affected by afterload (i.e., resis- 
tance and pressure) and preload. Several workers have 
shown that acute experimental and chronic clinical in- 
creases in pulmonary artery pressure and resistance re- 
sult in decreases in acceleration time, while increases in 
preload—for example, due to left-to-right shunts across 
an atrial or ventricular septal defect—result in in- 
creased peak flow velocity and flow velocity integral in 
the pulmonary artery.!5-!8 Heart rate has also been 
shown to affect Doppler indexes not only in the aorta,!9 
but also in the pulmonary artery? and at the mitral 
valve. 

Current difficulties in interpreting Doppler mea- 
surements in the clinical setting: The effects of loading 
conditions and heart rate on Doppler systolic and dia- 
stolic indexes continue to produce difficulties in using 
these measurements in the clinical situation. For exam- 
ple, in a patient with left ventricular dysfunction due to 
ischemia or cardiomyopathy, an expected decrease in 
aortic peak flow velocity or acceleration may be masked 
by a decrease in afterload—perhaps produced by vaso- 
dilator therapy. On the other hand, in this same patient, 
an increase in blood pressure and afterload could pro- 

_ duce additional decreases in peak velocity and accelera- 
tion—which could be misinterpreted as even more se- 
vere left ventricular systolic dysfunction. In this regard, 
Doppler indexes are no better or worse than traditional 
indexes of systolic function, such as left ventricular ejec- 
tion fraction or stroke volume, which are clearly load- 
dependent. In the case of Doppler transmitral flow ve- 
locity indexes of left ventricular filling, a patient with 
abnormal left ventricular relaxation—which might ordi- 
narily produce an increase in late diastolic atrial peak 
velocity in association with a decreased early diastolic 
peak velocity—might have this pattern masked by in- 
creased preload, for example, related to concomitant 
mitral regurgitation. Age is also known to have an im- 
portant influence on Doppler aortic and transmitral 

< flow velocity indexes.2!-23 

Future strategies: Because of these and other fac- 
tors that affect Doppler measurements of systolic and 
diastolic function, it is difficult to apply currently avail- 
able Doppler indexes in the clinical situation to derive 
useful information about a given patient. Further re- 
search must be directed toward developing Doppler in- 
dexes that are adjusted, to the degree possible, for heart 

rate and loading conditions, and other variables (e.g., 

age). Specifically, in this regard, additional well-con- 

trolled studies would be extremely helpful in generating 
regression equations in various patient groups that 
would account for the effects of preload (e.g., echocar- 

. diographic left ventricular end-diastolic dimension), af- 
terload (e.g., echocardiographically determined left ven- 

tricular peak-systolic or end-systolic wall stress), heart 
rate and age, on Doppler indexes of systolic and diastol- 
ic left ventricular performance. A similar approach has 
been previously taken with M-mode echocardiographic 
measurements of systolic function (e.g., left ventricular 
percent fractional shortening) by Borow et al.24 





-diastolic filling.'4 Furthermore, Doppler systolic ejection — 
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As with mutual fund investments, one must be wary 
of claims that Doppler aortic flow velocity indexes are | 
“no-load” commodities. og 
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z l ntraaortic balloon counterpulsation (IABC) was ini- 
@ tially described in 1968,! and has become widely used 
in the treatment of patients with acute myocardial infarc- 
tion (AMI),? cardiogenic shock! and in those undergo- 
ing cardiac surgery’ or percutaneous transluminal coro- 
nary angioplasty.4 The complication rate in patients 

‘treated with IABC has ranged between 25 and 36% 356 


< Recently, the use of thrombolytic agents has become 


widely accepted in the treatment of patients with AMI.”* 
A significant complication of intravenous thrombolytic 
“therapy is bleeding, especially involving sites of access for 
` cardiac catheterization.? When catheterization is per- 
formed early after intravenous thrombolytic treatment, 
-the incidence of local bleeding ranges from 18 to 43%? 
_. The risk of IABC soon after intravenous thrombolytic 
therapy has not been previously examined. 
<<= The records of all patients with a diagnosis of AMI or 
those treated with LABC who were admitted to our insti- 
tutions between July 1985 and December 1987 were re- 
viewed. Three groups were identified. Group I consisted 
of 145 patients with AMI treated with intravenous strep- 
tokinase (Hoechst-Roussel) alone; group II consisted of 
-.. 97 patients with AMI or unstable angina pectoris treated 
with [ABC without thrombolytics; and group III consist- 
ed of 48 patients treated with intravenous streptokinase 
-and IABC. Group III patients were treated with [ABC 
after streptokinase if chest pain or electrocardiographic 
changes persisted, hemodynamic instability was present 
or left main coronary artery disease was identified at 
angiography. 

Patients were diagnosed as having AMI if they pre- 
sented with typical chest pain and had =2 mm of ST 
elevation in 22 leads on a 12-lead electrocardiogram. 

Patients were given 5,000 U of heparin intravenously 
before streptokinase in a dose of 1.5 million U intrave- 

- nously over 30 minutes; fluids and dopamine were used 


to treat hypotension as necessary during the infusion. 


After the infusion of streptokinase all patients received 
intravenous heparin to maintain partial thromboplastin 
time between 70 and 150 seconds. 

> _Intraaortic balloon pumps were placed percutane- 
ously in the cardiac catheterization laboratory or in the 
intensive care unit. Prewrapped 9.5 or 10.5Fr balloon 


- catheters (Datascope) were used. A hollow cutting nee- 


dle was used to decrease the risk of puncture of the 
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TABLE 1 Clinical Characteristics of the Three Groups 
ii tt 




























Pts (n) 97 48 
Mean age (yrs) 56 54 53 APS 
42 (88) | 








Men (%) 113(78) 75 (77) 
History of SH (%) 46 (32) 16 (16) 12 (25) 
History of DM (%) 26 (18) 10 (10) A 
History of PVD (%) — 9 (9) CAC 
Shock (%) 2205) 3889 1838o 
Transfused (%) 6 (4) 6 (6) ABE 
Mean no. of PRBCs/pt transfused 3.0 3.2 BO po 
Femoral surgery (%) 0) 3Q3) Oy 

DM = diabetes mellitus; | = intravenous streptokinase alone; ll = intraaortic balloon | 
pump alone; Ill = intravenous streptokinase and intraaortic balloon pump; PRBC =) 
packed red blood celis; PVD = peripheral vascular disease: SH = systemic hypertene pos 








posterior wall of the femoral artery. If the femoral vein 
was entered, a sheath was placed in the vein. A knee 
immobilizer (Biomet) was routinely placed on the leg in 
which the intraaortic balloon pump was inserted and 
patients were sedated to minimize movement. All pa- _ 


tients received intravenous heparin to maintain partial 
thromboplastin time between 50 and 100 seconds in __ 


group II and 70 to 150 seconds in group II. Intraaortic 
balloon pumps were removed percutaneously. Primary 
surgical repair of the artery, thrombectomy or embolec- 
tomy was performed when indicated by a consulting vas- 
cular surgeon. 

Transfusions consisted of packed red blood cells and 
were given at the discretion of the patient's clinician. 

The review identified requirements for surgery at the 
site of intraaortic balloon pump insertion as primary 
repair of the femoral artery, embolectomy or drainage of. 
hematoma. The number of patients given transfusions 
and the number of units of packed red cells per patient 
were analyzed. 

The requirements for transfusion or surgical inter- 


vention were compared between groups by analysis OF ect 


variance; p <0.05 was considered significant. 

The general characteristics of all groups are summa- 
rized in Table I. The mean time from the onset of symp- 
toms of AMI to the administration of intravenous sirep- 
tokinase was 2.9 hours in groups I and HI. The mean 
time from beginning intravenous streptokinase to place- 
ment of the intraaortic balloon pump was 2.3 hours in 
group III. 

There were no statistically significant differences be- 
tween these groups in either transfusion requirement or 
requirement for femoral surgery. 

Thrombolytic therapy has become the treatment of. 
choice for AMI.!° However, this therapy is not effective = 








ee cere 








in as many as 20% of 















l patients.'° In addition, from 15 to 
- 25% of patients who initially reperfuse will have recurrent 
-ischemia or reocclusion.!° Thus, a considerable number 
of patients with AMI will require further acute interven- 
tion or stabilization. 

The intraaortic balloon pump has been used to stabi- 
lize patients with AMI.23 Understandably, there is reluc- 
tance to instrument patients receiving a thrombolytic 
agent. To be effective the intraaortic balloon pump must 
be inserted early in the course of AMI. We have shown 
that IABC can be used safely and early in patients with 
AMI who have received thrombolytic therapy. The com- 
plication rates are no greater than in patients treated with 
heparin alone during IABC therapy. 

We feel that, although thrombolysis has improved our 
ability to intervene in patients with AMI, there are still a 
considerable number of patients who require stabilization 
¿or acute intervention. [ABC can be used early in these 
patients when clinically indicated. 








1. Kantrowitz A, Tjonneland S, Freed PS, Phillips SJ, Botner AN, Sherman JL 
Jr. Initial clinical experience with intra aortic balloon. pumping in cardiogenic 
shock. JAMA 1968;203:135-140. LPNs a 
2. Leinbach RC, Gold HK, Harper RW, Buckelly MJ, Austen WG. Early IABP 
for anterior MI without shock. Circulation 1978;58:204-210, : 

3. Lefemine AA, Kosowsky B, Madoff I, Black H, Lewis M. Results and compli- 
cations of IABP in surgical and medical patients. Am J Cardiol 1977:40:416~420. 
4. Alcain KE, Stertzer SH, Walish E, De Pasqulae NP, Bruno MS. The role of 
intra aortic balloon counterpulsation in patients undergoing percutaneous translu- 
minal coronary angioplasty. Am Heart J 1983;105:527-530. 

5. Alpert J, Bhaktan EK, Geilchinsky I, Gilbert L, Brener BJ, Brief DK, Parson- 
net V. Vascular complications of intra aortic balloon pumping. Arch Surg 
1976,111:1190-1195, 

6. Beckman CB, Geha AS, Hammond GL, Bave AE. Results and complications 
of IAB counterpulsation. Ann Thorac Surg 1977;24:550-559, 

7. Grappo Italiano per lo Studio della Streptochinasi nell"Infarto Miocardico 
{GISSI). Effectiveness of intravenous thrombolytic treatment in acute myocardial 
infarction. Lancet 1986;1:397-402. 

8. Fine DG, Weiss AT, Sapoznikov D, Welber S, Applebaum D, Lotan C, Hasin 
Y, Ben-David Y, Koren G, Gotsman MS. Importance of early initiation of 
intravenous streptokinase therapy for acute myocardial infarction. Am J Cardiol 
1986,;58:411-417, 

9. Topal EJ, Califf RM, Kereiakes DJ, George BS. Thrombolysis and angioplasty 
in myocardial infarction (TAMI) trial. JACC 1987;10:65B-74B. 

10. Marder VJ, Sherry S. Thrombolytic therapy: current status. N Engl J Med 
1988,318:1512-1520, 1585-1595. 





Utility of Lead V,R in Exercise Testing for Detection 


of Coronary Artery Disease 


Lalit Chouhan, MD, Ronald J. Krone, MD, Andrew Keller, MD, and Gail Eisenkramer, RN 


Ss everal reports have documented the frequent asso- 
P ciation of right ventricular infarction with inferior 
wall left ventricular infarction.'~4 Because the right coro- 
nary artery always supplies the right ventricular wall as 
well as a variable part of the left ventricular wall, electro- 
cardiographic leads sensitive to right ventricular ischemia 
might be expected to improve exercise test sensitivity in 
detecting significant narrowing of the right coronary ar- 
tery. ST-segment elevation in right-sided precordial leads 
has been proven useful in diagnosing right ventricular 
infarction in patients with inferior wall left ventricular 
infarctions.*5 ST elevation of =1 mm in V4R was found 
to be 100% sensitive and 87% specific in diagnosing occlu- 
sion of the right coronary artery proximal to the first right 
ventricular branch.4 V4R has also been used in exercise 
testing to predict proximal stenosis of the right coronary 
artery.° This study assesses the utility of V4R in routine 
exercise testing to diagnose significant narrowing of any 
major coronary artery, particularly the right coronary 
artery. 

One hundred eighteen consecutive patients who un- 
derwent exercise testing and coronary angiography with- 
in a period of 2 months for suspected coronary artery 
disease formed the study population. All patients exer- 
cised according to the Bruce Protocol. Patients with 
Wolff-Parkinson-White syndrome, left ventricular hy- 
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pertrophy on electrocardiogram or bundle branch block 
were excluded. V4R was placed on the right chest wall in 
the midclavicular line in the fifth intercostal space and — 
recorded in place of V>. We chose to replace V> because 
of our impression that it contributed nothing to the speci- 
Sicity and sensitivity of the exercise electrocardiogram. A 
resting electrocardiogram in the supine position was ob- 
tained followed by electrocardiograms during standing, 
hyperventilation, at the end of each 3-minute exercise 
Stage and at each minute of recovery for 5 minutes into 
recovery. A positive VR was defined as =1 mm of ST 
deviation 80 ms from the J point. This criterion for a 
positive VR was used in a previous study.° A positive 
electrocardiogram in the standard leads was defined as 
22mm of ST depression at 80 ms regardless of the slope 
of the ST segment, or =1 mm of ST depression at the J 
point with flat or downsloping ST segment. 

We considered a stress test to be adequate if patients 
achieved a peak heart rate during exercise of at least 130 
beats/min or had a positive ST response on the exercise 
electrocardiogram. Of the 118 consecutive patients who 
were studied, 87 had these criteria and their data were 
analyzed. Of the 31 patients who did not meet these 
criteria, 24 stopped the exercise test due to fatigue and 7 
stopped due to chest pain. Of these 31 patients, 20 were 
receiving B blockers. Coronary angiograms were inter- 
preted independently by 2 cardiologists. A coronary nar- 
rowing was considered significant if there was a >50% 
reduction in the luminal diameter. Patients’ ages ranged 
from 34 to 84 years (mean 64) and 59% were men. 

There was electrocardiographic evidence of an old 
myocardial infarction in 17 of these 87 patients. Sixty- 





: eight of these 87 patients had >50% narrowing in i or 


more coronary vessels. Of these 68 patients, 38 had a 
< positive electrocardiogram in the standard leads and 18 
had a positive V4R. In 6 patients V;R was the only 


abnormal lead during the test. The sensitivity to diag- 
nose coronary artery disease was 56% using standard 
“leads; this increased to 65% when V,R was included. 
Nineteen patients had insignificant coronary artery nar- 
rowing and of these 4 had a false-positive electrocardio- 
gram in the standard leads. Of these 19 patients, 2 hada 
false-positive VR electrocardiogram. In this group of 
patients without coronary artery disease, none had a 
positive V4R in the absence of other false-positive leads. 
: Thus, the specificity of the electrocardiogram in diag- 
„nosing coronary artery disease with standard leads with 
or without VR was 79%. 
Fifty-three patients had >50% diameter narrowing 
E of the right coronary artery. The sensitivity of V4R alone 
for the diagnosis of right coronary artery disease was 
_ 32% and the specificity was 88%. Eighteen patients had 
isolated right coronary artery narrowing. Of these, 15 
< had >75% obstruction and 8 of these had >99% obstruc- 
tion, When VR was combined with standard leads for 
-- the diagnosis of isolated right coronary artery narrow- 
ing, the sensitivity of the leads increased from 44 to 61% 
in the group of patients with >50% narrowing, from 47 
to 67% in the group with >75% narrowing and from 50 
to 75% in the group with 100% obstruction. Since there 
were no instances of a false-positive V,R electrocardio- 
gram in the absence of other false-positive leads, there 
: “was no decrease in the specificity. Of the 53 patients with 
<- >50% diameter narrowing of the right coronary artery, 
- 25- had a narrowing in the artery above the branches to 
the right ventricle. The sensitivity of V4R in these pa- 
-tients with proximal right coronary artery narrowing 
was 36% compared to 29% in those with the narrowing 
below the right ventricular branches. Of the 14 patients 
-with isolated proximal or midright coronary artery dis- 
< ease 7 had a positive V4R, whereas of the 4 patients with 
-isolated distal right coronary disease, none had a posi- 
tive V4R. 

In 6 patients the standard leads were negative but 
VR was the only positive lead. All 6 patients had >75% 
right coronary stenosis, and 5 of them had subtotal right 
coronary obstruction. Three of these 6 patients had iso- 

-lated right coronary artery narrowing and the remaining 
-3 had severe 3-vessel coronary artery disease. There were 
` no patients with isolated positive VR who did not have a 
-significant coronary artery narrowing. 

Braat et al? compared leads V3R, V4R, VsR and VR 
with regard to ST-segment elevation for the diagnosis of 
right ventricular infarction associated with inferior in- 
farction. They found that ST-segment elevation 21 mm 
in lead V4R had the greatest sensitivity (93%) and predic- 
tive accuracy (93%). In the present study V4R improved 

. the'sensitivity of the standard 12-lead exercise electrocar- 
a diogram to diagnose coronary artery disease. At the same 
ime it did not affect the specificity of the test. Braat et al® 








- reported a a sensitivity of 56% ad a specificity of 96% for 
- the diagnosis of proximal right coronary disease by ST- 


segment deviation in V4R during exercise testing. In our 


‘Study the sensitivity and specificity of V4R to diagnose — 


right coronary artery disease were 32 and 88%, respec- 
tively. For proximal right coronary artery disease the 
sensitivity of V,R was 36% in our study. In patients with 
isolated right coronary artery disease, V4R was less sensi- 


-tive than standard leads—except in the group with subto- 


tal right coronary artery disease. Although there were 
only 8 patients with isolated subtotal right coronary ar- 
tery disease, V4R was more sensitive (sensitivity 63%) 
than the standard leads (sensitivity 50%). ST-segment ; 
elevation in V4R in acute myocardial infarction is 


thought to represent ischemic injury to the posterolateral. 


septum because this area is invariably damaged in pa- 
tients with pathologic evidence of inferior myocardial 
infarction with right ventricular infarction.! None of our 
patients had ST-segment depression in V4R; Braat et al® 
reported 4 patients with ST-segment depression. 
ST-segment elevation in V4R has been well correlated. 
with hemodynamic, scintigraphic and echocardiographic 
findings of right ventricular infarction. ST-segment ele- 
vation in V4R may represent right ventricular or postero- 
lateral septal ischemia. We noted this in a patient who 


had ST-segment elevation in V4R during exercise. Angio- 
plasty of a >90% lesion in the proximal right coronary 


artery in this patient resulted in a complete resolution of — 
the ST-segment elevation in V4R in a subsequent stress oo 
test. 


We have found that V4R increases the sensitivity of = 


the exercise electrocardiogram in diagnosing coronary 
disease without affecting specificity. V4R also increased 
the sensitivity in diagnosing isolated right coronary artery 
disease. V4R may be the only abnormal lead in patients 
with severe right coronary disease. Thus, the diagnosis of 
coronary disease could be missed in such patients if only a 
standard 12 lead electrocardiogram is recorded during 
exercise testing. Since V4R can easily replace 1 of the 12 
standard leads during exercise testing, we recommend 
that V4R be routinely used during exercise testing to 
evaluate patients for coronary artery disease. 
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Hematocrit Changes After Uncomplicated Percutaneous Transluminal _ 


Coronary Angioplasty 


= ‘Steven J. Phillips, MD, Mark Spector, MD, DO, Robert H. Zeff, MD, James R. Skinner, MD, 


E Cc" aspects of percutaneous transluminal coro- 
QW nary angioplasty (PTCA), such as blood loss during 
= PTCA, have not been investigated. This study reports 
blood loss in 90 patients undergoing uncomplicated suc- 
cessful PTCA. 
: Hematocrit levels obtained immediately before and 
< approximately 12 hours after PTCA were compared. 
`- The volume of blood removed for laboratory studies was 
- determined. Each patient acted as his or her own control. 
Real and recent changes in hematocrit before versus 


, ¿after PTCA were analyzed by Student t test. 
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All patients had a significant reduction of hematocrit 
values associated with PTCA. The average preangio- 
plasty hematocrit level for men was 40%. The 12-hour 
post-PTCA hematocrit was 34%; this was a reduction of 
15% (p <0.001). The 32 women in the group had a pre- 
PTCA hematocrit level of 38% and a post-PTCA hemat- 
ocrit of 33%. This is a reduction of 15% (p <0.001). ` 
Neither group had evidence of myocardial infarction or 
reduction in cardiac function. All patients had improve- 
ment in treadmill testing before discharge, which was 
within 36 hours of the PTCA. No other blood withdraw- 
al procedures influenced these changes. An average of 25 
ml of blood was removed from each patient for routine 
laboratory testing. 

This study demonstrates that there can be reduction 
in the red cell mass because of blood loss during PTCA. 





Percutaneous Coronary Laser Angioplasty Using Quick 
_of Laser Thermal Energy for Chronic Total Occlusions 


Short Bursts | 


Ming C. Chan, MD, Garrett Lee, MD, Jing-Xuan Guo, MD, Jie-Ming Mao, MD, Feng-Rong Chen, MD, 
Wei-Dong Yan, MD, Dao-Yin Xie, MD, Dan L. Rink, Agustin J. Argenal, MD, a 


and Dean T. Mason, MD 


x Ss ince laser angioplasty of coronary atherosclerotic 
ww obstruction was initially described,! lasers and laser 
delivery catheter systems have been gradually improved 
. to increase their effectiveness and safety in the clinical 
©- setting. Early intraoperative laser revascularization in 
- coronary obstruction studies suggests that the procedure 
was feasible, with long-term patency persisting despite 
competitive flow from the bypass graft.23 Subsequent 
case studies demonstrated the potential efficacy of coro- 
nary laser angioplasty via the percutaneous route in wid- 
ening an existing stenotic channel. A laser delivery sys- 
_ tem with a rounded metallic tip at the end of an optical 
“fiber was used in one of these studies,4 whereas another 
featured a laser-thermal catheter coaxially guided overa 
steerable central guidewire. We have further studied and 
extended the technique in selected patients with chronic 
total coronary occlusions. These cases are reported here- 
in. 
CASE 1: A 41-year-old man was admitted for angina. 
Two months earlier he had had an inferior wall acute 
~ myocardial infarction with typical electrocardiographic 
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changes and cardiac enzyme elevation. Coronary arteri- 
ography revealed total occlusion of the proximal right 
coronary artery, with no anterograde distal flow. There 
were no significant narrowings in the left anterior de- 
scending artery; minor irregularities were observed in the 
left circumflex artery that supplied collaterals to the 
posterior descending artery. E 
Percutaneous coronary laser angioplasty to recana- 
lize the right coronary artery was attempted after in- 
formed consent was obtained under a protocol approved 
by the Institutional Review Board. The patient was pre- 
medicated with aspirin, dipyridamole and nifedipine. A 
bipolar pacing catheter was passed into the right femoral 
venous sheath and positioned in the right ventricular 
apex for standby pacing. Heparin (5,000 U) was admin- ` 
istered intravenously. Through a right femoral arterial. 
sheath, a 9Fr guide catheter was passed and positioned 
at the right coronary orifice. Angiography showed total 
occlusion of the proximal right coronary artery and no 
anterograde distal flow. Three different 0.014-inch. 
steerable guidewires were used without success to cross 
the coronary occlusion (Figure 1A). Urokinase (2,000 U/ 
min) was infused using the intracoronary route for 30 
minutes in an attempt to soften the obstruction. Repeat 
angiography faintly showed some contrast dye slowly 


Slowing through the obstruction (Figure 1 B). 












A 2,1-mm. Unicorn-Probe (Xintec Corp.) connected 
to an Nd:YAG laser (model XT-10, Xintec Corp.) was 
inserted into the guiding catheter and advanced so that 
the leading guidewire of the probe entered the obstructed 
channel (Figure 1C). The prominent thermal band 
around the probe was kept in contact with the lesion, and 
the laser was activated using ten 18-watt 0.3-second 
energy bursts until the probe crossed the occluded seg- 
ment (total 54 J) (Figure 1D). After this the probe cathe- 
ter was withdrawn and repeat coronary angiography was 
performed. There was now patency and luminal widen- 
ing of the previously occluded right coronary artery, with 
distal filling of the posterior descending branch and left 
ventricular branch (Figure 1E). No complications (per- 
foration, spasm, dissection) occurred during laser revas- 
` ‘cularization; balloon angioplasty was not performed. On 
` follow-up, the patient has had no angina, heart failure or 





A : B 


FIGURE 1. A, with the guiding catheter positioned in the orifice of the right coronary artery, the coronary arteriogram (left 


changes on the electrocardiogram. 

CASE 2: A 53-year-old man with angina was referred. 
for laser recanalization of a total right coronary artery 
occlusion. He had had an inferior wall acute myocardial 
infarction documented by electrocardiographic and car- 
diac enzyme changes 5 months earlier. Coronary arteri- 
ography 1 month later showed complete occlusion of the 
proximal right coronary artery, with no anterograde dis- 
tal flow. There were no significant narrowings in the left 
anterior descending or circumflex artery. 

After providing informed consent, the patient was 
premedicated with aspirin and dipyridamole. A bipolar 
pacing catheter was passed into the right femoral venous 
sheath and positioned in the right ventricular apex for 
standby pacing. Heparin was administered intravenous- 
ly. A 9Fr guiding catheter was passed through the femo- 
ral arterial sheath and positioned in the right coronary 





c D L 


anterior oblique view) shows an occluded proximal right coronary artery. The tiny guidewire was unable to pass through the ob- 
struction. B, same view as in 1A, after urokinase infusion. Some faint and slow filling of contrast dye is observed beyond the 
right coronary occhided segment. C, the leading guidewire of the laser probe enters and passes the occluded segment. 

D, the laser probe passes the proximal right coronary occluded segment after laser thermal ablation (arrow). E, arteriogram of 
the right coronary artery (left anterior oblique view) after laser thermal abalation. Note that the coronary artery is now patent. 





FIGURE 2. A, initial coronary angiogram shows complete occlusion of the proximal right coronary artery (left anterior oblique 
view). B, after urokinase infusion, a 1.3-mm diameter Unicorn-Probe enters the right coronary artery and the prominent thermal 
band (arrow) is positioned at the occluded segment for laser thermal ablation. C, after ablation, there is a channel (arrows) 

_ereated as the contrast dye flows through the occlusion and into the distal right coronary artery, including the posterior 


descending and left ventricular branches. 
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“orifie ice. Again, coronary arieriography demonstrated an 
- occluded proximal right coronary artery. Intracoronary 
urokinase (total 200,000 U) was infused in an attempt 
to soften the obstruction. Two different steerable 
guidewires were used without success to cross the coro- 
nary occlusion. The guiding catheter was then withdrawn 
and urokinase (total 800,000 U) was infused intrave- 
nously over the next 15 hours. The guiding catheter was 
then replaced. Angiography showed that the proximal 
right coronary artery was still occluded (Figure 2A). 

A 1.3-mm Unicorn-Probe was passed through the 
guiding catheter and into the right coronary artery. The 
leading guidewire entered the occluded segment and the 
prominent thermal band of the probe was placed in con- 
tact with the obstruction (Figure 2B). The model XT-10 
Nd:YAG laser was activated using 8 short bursts of 0.3 
second each at 15 watts until the tiny probe crossed the 
lesion (36 J). The 1.3-mm probe was then exchanged for 
a 1.7-mm probe, which was placed in contact with the 
lesion. Five quick 0.4-second bursts at 20 watts were 
applied (40 J). After removal of the 1.7-mm probe, re- 
peat coronary angiography was performed. For the first 
time, filling of the distal right coronary artery was 
shown, including the posterior descending branch and 
left ventricular branch (Figure 2C). There were no com- 
plications (perforation, spasm, dissection) with this pro- 
cedure; balloon angioplasty was not performed. On fol- 
low-up, the patient has had no angina, heart failure or 
changes on his electrocardiogram. 

This report shows that chronic total coronary occlu- 
sions can be recanalized by laser thermal probes and the 
use of a thrombolytic agent such as urokinase. The right 

-coronary occlusion in these 2 patients had been present 
since their prior myocardial infarction; in 1 patient the 
occlusion had persisted for 2 months, and in the other for 
5 months. In both cases, the Unicorn-Probe system was 
able to enter the occlusion and recanalize the right coro- 
nary artery. After laser revascularization of the obstruc- 
tion, the distal right coronary artery was visualized, in- 
cluding the posterior descending artery and the left ven- 
tricular branch. Administration of thrombolytic therapy 
probably played a vital role in softening the occluded 
segment to allow the Unicorn-Probe wire to pass through 
the obstruction. How this agent works in chronically 
occluded arteries has not yet been defined. Before uroki- 
nase infusion, several attempts at using conventional 

_ guidewires to enter the occluded segment had failed. 

Since 1981, several modifications to laser delivery sys- 
tems were made to enhance the safety of the procedure. 
One of these was the application of a smooth, rounded 
metallic cap over the distal end of the fiberoptic tip. Based 

-on current technology of laser delivery systems, some of 
“othe advantages of using a protective cap over a bare- 
-. tipped: fiber have previously been described.® The histo- 
-logic effect of the laser-heated cap on hyalinized athero- 
-sclerotic plaque is quite similar, except for the more shat- 
tering-like effect of vaporization caused by the laser’s free 
beam radiation.!-°.7 Moreover, in animal studies, the laser 


: fee thermal cap: proved to be potentially safer and more effi- 
Ais he 


en. compared with laser energies delivered bya 
j fiber.! : 
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Another modification was the use of a leading guide- 
wire to direct the thermal probe coaxially within the 
lumen of the diseased coronary. This addition has been 
important in lowering the risk of arterial perforation. In 
an ongoing multicenter trial using the Unicorn-Probe 
system in more than 33 diseased peripheral limbs, no 
vascular perforations have been observed.!© Moreover, 
vasospasm has not been encountered. 

Further, the Unicorn-Probe system is energized by a 
dedicated, portable, energy-efficient Nd:YAG laser. sys- 
tem. The laser energy is confined and localized to a tiny 
thermal band on the prominent shoulder of the probe, 
which is kept in direct contact with the plaque obstruc- 
tion. Short bursts with quick increases and decreases of 
thermal energy (15 to 20 watts, 0.3 to 0.5 second) are 
sent to the obstruction to achieve plaque ablation. By 
confining the high temperatures to a tiny thermal band 
around the probe and by implementing short bursts of 
thermal energy, there is less tendency to develop vaso- 
spasm and thermal! damage to the arterial wall. The laser 
thermal probes used in recanalizing occlusions in this 
study were different from currently available “hot tip” 
devices.* It was not necessary to apply continuous for- 
ward and backward motion to cool the device and avoid 
adherence of the probe to the vessel wall. 

Although these patients underwent laser revascular- 
ization of a totally occluded artery without balloon angio- 
plasty, these cases do not imply any superiority of one 
technique over the other. The use of balloon dilation also . 
may have been successful in revascularizing these arter- 
ies. The use of laser thermal revascularization offers a 
mechanism to open obstructions that is different from 
balloon angioplasty. Long-term clinical studies are need- 
ed to determine whether laser thermal revascularization 
can lower the restenosis/reocclusion rate of balloon angi- 
oplasty. 
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to Sotalol 


- Steven N. Singh, MD, Yiwang Chen, MD, Andrew Cohen, MD, Maria Obeid, RN, 
_ Cynthia Tracy, MD, Raymond L. Woosley, MD, PhD, and Ross D. Fletcher, MD 


g a unique -receptor antagonist with additional 
class II] antiarrhythmic action, has remarkable effi- 
cacy for suppression of ventricular and supraventricular 
- arrhythmias.'~® Unlike other 6 blockers, sotalol signifi- 
~ cantly prolongs the myocardial action potential duration. 
-This additional action of sotalol probably accounts for its 
a ‘greater antiarrhythmic efficacy and perhaps its minimal 
_ negative or positive inotropic action. Comparison of the 
effects of sotalol on ventricular premature complex 
(VPC) suppression in patients with normal and abnormal 
--Jeft ventricular function has not been well studied. We 
examined the efficacy of sotalol in the treatment of ven- 
tricular arrhythmia with respect to left ventricular func- 
: tion. 

_ Twenty-four patients, ages 31 to 76 years (mean 58), 
with frequent and complex VPCs, sustained ventricular 
: tachycardia or aborted cardiac arrest, consented to par- 

ticipate in this study (Table I). All patients had previ- 
ously been refractory to conventional antiarrhythmic 
agents and had no contraindication to B-blocker therapy. 
Fourteen patients had a documented history of coronary 
artery disease, 6 had systemic hypertension and 4 had 
idiopathic dilated cardiomyopathy. 
; All patients were admitted to the coronary care unit 
and prior antiarrhythmic medication was discontinued 
_ for at least 5 half-lives. Standard 12-lead electrocardio- 
grams and routine laboratory tests were performed. The 
VPC frequency was analyzed using computer-assisted 
analysis. The hourly frequency of VPCs, total paired 
VPCs and ventricular tachycardia events (episodes of 
23 repetitive VPCs) in 24 hours were recorded. Radio- 
nuclide ventriculography was performed in each patient 
to evaluate left ventricular ejection fraction before and 
after drug treatment. Patients were stratified into 2 
groups according to baseline ejection fractions: 14 pa- 
tients in group I had ejection fractions 2.0.40 and 10 in 
-group II had ejection fractions <0.40. Oral sotalol treat- 
ment was begun at an initial dose of 160 mg daily with 
weekly increases to 320, 480, 640 and 960 mg daily as 
< necessary to provide >75% suppression of ventricular 
“arrhythmias. 
All data are expressed as mean and standard devi- 
ation. The paired t test was used for comparison of 
-ejection fractions before and after sotalol treatment. 
Comparison of ventricular arrhythmia frequency—in 
-terms of VPCs/hour, paired VPCs/24 hours and ventric- 
“ular tachycardia events/24 hours—was made for each 
_ group before and after sotalol treatment with the Mann- 
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Whitney U test. Linear regression analysis was used to. 
test for correlation between the individual changes in 
ejection fraction and changes in frequency of VPCs be- 
fore and after sotalol treatment. A p value <0.05 (1 
tailed) was considered adequate for rejection of the null 
hypothesis. 2 
Twenty-four-hour ambulatory electrocardiographic _ 
recordings were analyzed in all 24 patients before and — 
after sotalol treatment. The only exception was 1 patient. 
(no. 18) in group II, who developed a possible proar- 
rhythmic effect of sotalol and his data were not included 
in the statistical analyses. Baseline VPCs for all 23 pa- 
tients, averaging 354 + 449/hr, decreased to 121 + 226/ 
hr after sotalol (p <0.002), with 11 (46%) patients hav- = 
ing >75% VPC reduction. Paired VPCs, averaging 1,125. 
+ 2,870/24 hours, decreased to 230 + 530/24 hours 
during sotalol (p <0.01). Ventricular tachycardia 
events, averaging 220 + 741/24 hours, decreased to8 + 
16/24 hours during sotalol treatment (difference not sig- 
nificant). The ejection fraction at rest was 0.47 £0.18 at 
baseline and 0.47 + 0.16 with sotalol (difference not. 
significant). Although there was no change in the mean 
ejection fraction inall 23 patients after sotalol, there was 
a great deal of individual variation (Figure 1). No corre- 
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8 lation was observed between an individual's change in 
__ ejection fraction and change in the frequency of VPCs 
(Figure 2). 
In group I patients, baseline VPCs (325 + 305/hr) 
-decreased to 152 + 275/hr with sotalol (p <0.01). Paired 
< VPCs decreased from 811 + 2,003/24 hours to 281 + 
: 640/24 hours, and ventricular tachycardia events de- 
` creased from 98 + 278/24 hours to 6 + 13/24 hours 
2 (both differences not significant). Six (43%) of 14 group 
I patients achieved 275% VPC reduction. The ejection 
fraction was 0.57 + 0.13 at baseline and 0.57 + 0.10 
oe after sotalol (difference not significant). 
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diagnosis; EF = ejection fraction; IDC = idiopathic dilated cardiomyopathy; Pairs = VPCs in couplets; S = sotalol; SH = systemic 





In group II patients, baseline VPCs (398 + 631/hr) : 
were reduced to 72 + 112/hr with sotalol (p <0.03). 
Baseline paired VPCs (1,614 + 3,961/24 hours) de- 
creased to 151 + 311/24 hours (p <0.03). Ventricular 
tachycardia events at baseline (410 + 1,148/24 hours) 
decreased to 11 + 21/24 hours during sotalol (difference 
not significant). Five (50%) of 10 patients achieved — 
275% VPC reduction. The ejection fraction was 0.30 + 
0.09 at baseline and 0.33 + 0.12 after sotalol (difference 
not significant). : 

Seven patients in group I and 3 patients in group I 
complained of fatigue and dizziness, but these side f- 
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n fects were well tolerated. Patient no. 18, whose ejection 
__ fraction was 0. 23, demonstrated a new morphology, sus- 
tained ventricular tachycardia during early sotalol 
` treatment: It was considered a proarrhythmic effect. 
_ > Previous clinical studies have found that sotalol did 
not reduce cardiac output or cardiac work in healthy 
_ volunteers and in patients with heart disease.*> Stroke 
work index and left ventricular diastolic pressure were 
- unchanged, even in the presence of heart failure. More 
recently, Anderson et al? reported that left ventricular 
function was not adversely affected by sotalol therapy. 
- Mahmarian et alí demonstrated that sotalol increases 
resting left ventricular function and stroke volume index 
_ in patients with depressed cardiac function. However, 
some patients may develop worsening congestive heart 
_ failure.>© We did not observe new or worsening conges- 
tive heart failure in either group of patients (with normal 
_ and depressed ejection fraction). Although there was con- 
__ siderable variability in ejection fraction within individual 
_ subjects, there was no change in mean ejection fraction 
_ for the groups and there were no clinically apparent signs 
E or symptoms indicative of changing ventricular function. 
<> We have reported the first comparative study of the 
L effects of sotalol on VPC frequency in patients with nor- 
. mal and abnormal left ventricular functions. Our results 
show that sotalol, in doses of 160 to 320 mg twice daily, 
“-was effective in reducing ventricular arrhythmia in pa- 
tients with normal and depressed left ventricular ejection 
fraction. Unlike most antiarrhythmic drugs that have 
greater efficacy in patients with normal ventricular func- 
_ tion,’ sotalol appeared to have similar efficacy in our 2 










groups of patients (with normal and reduced ventricular 


function). There was no correlation between baseline 
ejection fraction and suppression or aggravation of ven- 
tricular arrhythmia with sotalol. However, 1 patient with - 

reduced ejection fraction developed a proarrhythmic ef- 


fect. Thus, sotalol, which does not seem to affect left 


ventricular function adversely, may be a useful antiar- 
rhythmic drug for suppression of ventricular arrhythmia - 


in patients with normal or depressed left ventricular func- __ 
tion. Because of the small number of patients, our results: 


should be interpreted with caution. A larger trial is proba- 
bly needed to substantiate these results. 
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E Effect of Tricuspid Regurgitation on the Reliability of the 
- Thermodilution Cardiac Output Technique in Congestive Heart Failure 


Michele A. Hamilton, MD, Lynne W. Stevenson, MD, Mary Woo, RN, 


-John S. Child, MD, and Jan H. Tillisch, MD 


he accuracy of the thermodilution cardiac output 
; technique in the presence of tricuspid regurgitation 
- (TR) has been challenged.! TR is common in patients 
_ with advanced congestive heart failure (CH F), for whom 
baseline cardiac output and changes in cardiac output 
frequently influence therapy. To establish the reliability 
the thermodilution method in this setting, we com- 
ed simultaneous thermodilution and Fick oximetric 
-cardiac output measurements in patients with advanced 
a CHE before and after acute vasodilator therapy. 
We studied 25 patients with pulmonary artery cathe- 
< ters placed for the evaluation and treatment of advanced 
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CHF (left ventricular ejection fraction 16 + 3%). In this 
group of 23 men and 2 women, ages 18 to 85 years (mean 
53), 15 had ischemic and 10 nonischemic cardiomyopa- 
thy without primary valvular disease. After a 2-hour . 
equilibration period, Fick oximetric cardiac output ~ 

measurements were performed with the Douglas expired 
air collection method, using simultaneous radial and 
pulmonary arterial oxygen saturations and the average 
of two 3-minute collections. Thermodilution cardiac 
output measurements were performed in triplicate be- 
tween the 2 Douglas bag collections. Iced 5% dextrose 

solution (10 ml) was injected into the proximal port of 
the pulmonary artery catheter; temperature curves and. - 
calculations of cardiac output were obtained on-line — 
from the temperature transient measured by the distal- 
port thermistor. At this time, 2-dimensional color flow 
Doppler echocardiography was performed. The right 
atrial volume was calculated from a tracing of the area’ 
in the apical 4-chamber view using Simpson's rule.? TR 
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TABLE! Hemodynamic Parameters in 17 Patients Before 
and After Acute Tailored Afterload Reduction 


After Therapy* 
5.2414 


Baseline* 


3.04 0.7 


p Value 


TD cardiac output 
(liters /min) 
PA mean (mm Hg) 
PAW (mm Hg) 
RA (mm Hg) 
Systemic resistance 
(dynes +s -cm75) 
Pulmonary resistance 
(dynes - s - cm5) 
LVEF (%) 
* Values expressed as mean + standard deviation. 
LVEF = = eft v ventricular ejection fraction; NS = not significant; PA mean = mean 


pulmonary artery pressure; PAW = pulmonary artery wedge pressure; RA = right 
atrial pressure; TD = thermodilution. 
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3246 

1746 
1,860 + 410 
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944 
1,030 + 280 
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was assessed by (1) standard estimate of the TR area 
percentage—the visual estimate of percentage of right 
atrium covered by color flow evidence of the maximal jet 
of TR in the apical 4-chamber view, graded on a 0 to 3 
scale (0 = none, 1 = mild, 2 = moderate, 3 = severe); (2) 
color flow fraction—the planimetered area of tricuspid 
regurgitant jet divided by planimetered area of right 
atrium in the apical 4-chamber view plane with the max- 
imum regurgitant jet, similar to the method accepted for 
assessment of mitral regurgitation’; and (3) velocity- 
volume. index—the color flow fraction multiplied by 
-right atrial volume, to account for potential changes in 
atrial volume with therapy. Patients with mild TR, con- 
sidered a normal variant, were grouped with those with 
no TR when compared with the moderate to severe TR 
group. Mitral regurgitation was assessed similarly, us- 
ing the color flow pattern in the left atrium on both the 4- 
and 2-chamber views. Aortic and pulmonary insufficien- 
cies were graded on a 0 to 3 scale by visual estimate of 
the width of the regurgitant jet. 


TD CO=(.69+/-.08) x FICK CO +(.67+/~0.8) 
N=42 


Ton 


x 


T 


T 


L 


1 





THERMODILUTION C.O, (L/MIN) 
on BM OBO hk AH A © © O 
T 


Ogor 








FICK C.O. (L/MIN) 





FIGURE 1. Overall correlation between simultaneous thermo- 
-dilution and Fick cardiac output values in 42 paired measure- 
“ments from 25 patients (r = 0.80, p <0.0001). TD CO = ther- 
- modilution cardiac output in liters/min. In this and subsequent 
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After 341 das diring which. aggressive vasodilator 
and diuretic therapies were tailored to approach a pul- 
monary artery wedge pressure of <15 mm Hg, right 
atrial pressure of £8 mm Hg and systemic resistance of 
1,200 dynes +s - cm, 17 patients were restudied. Fick 
and thermal cardiac outputs and the echocardiographic 
Doppler study were again performed simultaneously. i 

Correlations were determined by linear regression — 
analysis; the spread and slope of the regression lines 
were compared using the F statistic and Student t test, 
respectively. The significance of changes with therapy : 
was assessed with paired t tests. 

Overall correlation between thermodilution and Fick 
values was good (r = 0.80, p <0.001) (Figure 1). The 
thermodilution cardiac output values were frequently 
lower than the Fick values (average 14 + 22% lower), 
especially at the higher output values. TR was initially 
present in all 25 patients (moderate or severe in 20). In 
the 17 studies performed after therapy, TR was moder- 
ate or severe in 5, and mild or absent in 12. There was’ 
excellent correlation between the severity of TR from 
standard TR estimation and both the quantified TR 
color flow fraction (r = 0.91) and TR velocity-volume 
index (r = 0.85). The presence of moderate or severe TR 
by these methods did not significantly influence either 
the spread (F = 1.2, difference not significant) or the 
slope (t = 1.4, difference not significant) of the correla- 
tion between the 2 output methods (Figure 2). There was 
no greater discrepancy between Fick and thermal values 
in the 6 patients with the most severe TR (grade 3). 

Hemodynamics improved in the 17 patients studied 
before and after vasodilator therapy (Table I), which 
may also reflect a benefit of bed rest.4 Changes in ther- 
modilution cardiac output correlated well with Fick car- 
diac output changes (r = 0.79, p <0.001) (Figure 3), 
although thermodilution changes exceeded those mea- 
sured by the Fick technique in patients with small 
changes. During therapy, TR decreased 30% by vis- 
ual estimate (from 2.2 + 0.6 to 1.4 + 0.8), 39% by color 
flow fraction and 55% by velocity-volume index (all p 
<0.01). 

Mitral regurgitation was initially present in 22 of 25. 
patients (moderate to severe in 13). With therapy it de- 
creased 29% by visual estimate (from 1.7 + 0.8 to 1.2 + 
0.8), 43% by color flow fraction and 55% by velocity- 
volume index (all p <0.01). Aortic and pulmonary re- 
gurgitations were present in7 of 25 and 10 of 25 patients, 
respectively, and did not change. Right atrial volumes 
(89 + 26 ml) were initially over twice normal? (39 & 12 
ml) and decreased 27% after therapy (p <0.01). Mitral, 
aortic and pulmonary regurgitations, right atrial volume 
and pulmonary artery pressure had no demonstrable 
effect on the correlation between cardiac output meth- 
ods. 

This study demonstrates that TR does not compro- 
mise the reliability of the thermodilution method in ad- 
vanced CHF. It also confirms the close correlation be- 
tween thermodilution and Fick cardiac output methods in 
this setting, both for baseline values and changes with 
Peay: 


The thermodilution technique is generally considered 

_ reliable for determining cardiac output,’ even in patients 
with CHF.® However, it has been suggested to be less 
accurate in patients with TR! because of the possibility of 

- indicator recirculation altering the temperature curve. 
One study in dogs with surgically created TR demon- 
-strated close correlation between thermodilution and pul- 
< monary artery flow probe cardiac output measurements, 
despite a reduced peak amplitude of the temperature 
- curve and a slower return to baseline.” This issue has not 
previously been studied systematically in humans. In 1 
1 2 of 9 patients with CHF had disparate Fick and 
ilution values when they developed right atrial V 
uring exercise. However, a similar study showed 
influence of clinically diagnosed TR on the correlation 
tween Fick and thermodilution values in 6 patients.® 
her study quantified the amount of TR present. In 
udy, in which TR was quantified with 3 different 
lor flow Doppler measurements, the correlation be- 
en thermodilution and Fick values was not compro- 
mised by the presence of moderate or severe TR when 
sore with patients without significant TR. 
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_ FIGURE 2. Correlations between simultaneous thermodilution 
and Fick cardiac output values in 17 patients with absent or 
mild tricuspid regurgitation (r = 0.81, p <0.0001) (A), and 25 
patients with moderate or severe tricuspid regurgitation (r = 
< a (B). TD CO = eres ore: cot 

































A possible influence of pulmonary regurgitation o on 
thermodilution accuracy has been addressed only inani- _ 
mal studies. Pulmonary valvectomy in dogs had no effect = 
on the correlation of thermodilution and electromagnetic = 
flowmeter-calculated values.’ In our study, chronic pul- 
monary regurgitation also did not have any influence on — 
thermodilution accuracy. In these patients with advanced | 
CHF, mitral and aortic regurgitations had no adverse — 
influence on thermodilution cardiac output measure- 
ments, which confirms previous findings in a more gener 
al population.* 

The cause of the apparent mild systematic underesti- 
mation of baseline cardiac output values and overestima- _ 
tion of changes by the thermodilution method seen in this 
study is unclear. One group of investigators reported ther- 
modilution to yield higher outputs than the Fick method _ 
in patients with low outputs, which they attributed to _ 
excessive loss of the cold indicator across the myocardium 
in the low output state.? However, even in patients with _ 
CHF and low outputs, the thermodilution technique cor- > 
relates well with the dye-dilution method,'° which uses an 
indicator not lost across the system. Because many of our 
patients were dyspneic at rest, respiratory variations in 
pulmonary artery temperature may have enlarged the 
area under the thermodilution curve and led to underesti-. 
mation of cardiac output. Recirculation of the cold indi- 
cator, which theoretically could falsely decrease the the 
modilution output, is unlikely to be clinically significa: 
Inadequate collection of expired air for the Fick meth 
would yield falsely low, not high, values. Whatever the 
cause of the discrepancies between cardiac output values, _ 
the potential for mild underestimation of baseline values 
and overestimation of changes with therapy must bècon- 
sidered when clinical decisions are made based on the — 
values obtained. However, this study demonstrates that _ 
the clinical utility of thermodilution measurement for 
baseline cardiac outputs and subsequent changes is not 
limited by TR. ce 
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FIGURE 3. Correlation between thermodilution and Fick — 

values for change in cardiac output after short-term 

‘vasodilator therapy in 17 patients i bated <0.0001). 
thermodilution. 
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Inefficacy of Daily Single Bolus Dose Atrial Natriuretic Factor 
in Chronic Congestive Heart Failure 


lan G. Crozier, MD, A. Mark Richards, MD, M. Gary Nicholls, MD, Eric A. Espiner, MD, 


and Hamid Ikram, MD 


AM trial natriuretic factor (ANF) administered to nor- 
mal humans induces natriuresis and diuresis, sup- 
presses renin-angiotensin-aldosterone system activity and 
may lower blood pressure.' In patients with congestive 
heart failure (CHF), ANF given as an intravenous bolus 
has been reported to have natriuretic and vasodilator 
effects.” Constant infusions of ANF also exert favorable 
effects on hemodynamic parameters in CHF with de- 
creases in both cardiac preload and afterload and im- 
provement of cadiac output. We compared the clinical 
efficacy of ANF and furosemide administered as a single 
daily intravenous bolus to patients with chronic stable 
CHF. 
We studied 4 men aged 62 to 75 years with chronic 
“stable CHF. Two patients had coronary artery disease 
and 2 had idiopathic dilated cardiomyopathy. In all, left 
ventricular failure with radiologically documented pul- 
monary edema had occurred at some point between 1 
cand 6 years before the study. All 4 patients were stable 
with furosemide treatment alone (40 to 80 mg/day) ex- 
cept for 1 patient with atrial fibrillation who was also 
‘receiving digoxin, 0.25 mg daily. At the time of entry to 
the study, 2 patients were in New York Heart Associa- 
tion functional class II and 2 were in class II. Left 
ventricular ejection fraction measured by angiogram or 
echocardiography ranged from 28 to 38%. All 4 patients 
‘had stable symptoms and clinical signs for at least 1 
month with oral furosemide treatment before com- 
mencement of the first ANF study phase. 

At entry patients abstained from medications for 1 
day during which a physical examination was conduct- 
ed, blood was drawn for routine hematology/biochemis- 
try tests and a chest x-ray was taken. A supine bicycle 
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exercise test (modified Naughton protocol) was per- 
formed. Patients then attended the outpatient clinic dai- 
ly between 8 and 10 a. and received single bolus intra- 
venous injections of furosemide and ANF given in ran- 
dom order, single-blind, for 14 days on each agent. Body 
weight, blood pressure and symptomatic status were te- 
corded daily before each dose. Twenty-four hour urine 
collections for measurement of sodium and plasma were 
obtained on days 1, 2, 3, 5, 10 and 13 of each study phase. 
A 24-hour Holter monitor was recorded the day before 
doses began and on day 13 of each phase. Exercise tests 
were repeated on day 14 of each study phase. The start- 
ing dose chosen for intravenous furosemide was 20 mg 
with an increase to 40 mg if weight increased. Isoleucine 
ANF (101-126) was begun at 200 ug daily with daily 
dosage increments of up to 200 ug if body weight in- 
creased or symptoms worsened. ae | 
Patient 3 was the only patient to complete the study. 
He received furosemide 40 mg and ANF 240 ug daily, 
respectively. Symptomatic status, weight (Figure 1), 
blood pressure and plasma biochemistry remained un- 
changed throughout both study phases. This patient, 
however, reported that while receiving ANF he urinated 
very little during the day and developed nocturia. 
Patients 1, 2 and 4 were withdrawn from the study 
after 8, 9 and 2 days of treatment with ANF because of 
progressive CHF despite receiving 1,000, 1,000 and 240. 
ug daily of ANF at withdrawal, respectively. Body 
weight clearly increased in patients 1 and 2 (Figure 1). 
After withdrawal from the study and administration of 
40 mg intravenous furosemide and reintroduction of 
maintenance furosemide, the patients rapidly returned — 
to their pretrial status. ee 
Twenty-four hour urinary sodium excretions aver- 
aged for data from days 1, 2, 3, 5, 10 and 13 of the 
furosemide treatment phase were 105 and 107 mmol/day ` 
for patients 1 and 3, respectively (the 2 subjects complet- 


-ing this study phase). Urine sodium excretion averaged 












for days 1, 2, 3 and 5 of ANF treatment was 52 mmol/ 
_ day for patient 1 (withdrawn on day 8) and 83 mmol/day 
-Jor patient 3 (completed phase). Average 24-hour sodi- 
_ um excretions for patients 2 and 4 who began, but failed 
-to complete, the ANF study phase alone, were 46 (days 
1, 2, 3 and 5) and 35 mmol/day (day 1), respectively. 
Pretrial exercise durations were 6, 12, 15 and 9 minutes 
for patients 1 to 4, respectively. Only 2 patients (1 and 3) 
“had further tests for comparison. At the completion of 
-the furosemide phase exercise durations were 6 and 18 
«minutes for patients 1 and 3, respectively. The only sub- 
ject (patient 3) to undergo the third test (completion of 
_ ANF phase) exercised for 15 minutes at that time. 
_. Holter monitoring revealed no notable change in the 
occurrence of ventricular ectopic activity or other abnor- 
malities of cardiac rhythm with the serial recordings 
conducted in 2 patients (patients 1 and 3). All 4 subjects 
_ -had well-maintained systemic arterial pressure (between 
125/70 and 174/85 mm Hg) throughout the study. There 
were no notable changes in arterial pressure in any indi- 
_. vidual subject either within or between study phases. No 
_ patient experienced acute adverse reactions to intrave- 
nous bolus injections of even the peak doses (1,000 ug 
"intravenous over 2 minutes) of ANF used. In particular, 
“hypotension did not occur. 
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A single daily dose of ANF (intravenous bolus admin- 


istration up to 1,000 ug) was clearly ineffective in control- 
ling CHF in ambulatory patients previously stable with 
furosemide treatment. The bioactivity of the ANF solu- 


tion used was confirmed by the clear beneficial hemody- 


namic effects seen in a placebo-controlled study in which - 

ANF from the same batch was administered as a con-. 

stant infusion (5 ug/min) to a group of patients with © 
CHF.‘ The 1 patient completing both trial phases had the — 
best pretrial exercise tolerance and ventricular ejection — 
fraction. Nevertheless, he exhibited reduced 24-hour so- _ 
dium excretion and reported a decrease in daytime urine 
volume and the onset of nocturia while receiving ANF. _ 
These features suggest the presence of sufficient cardiac _ 


reserve to preserve a relatively compensated state when 


furosemide was withdrawn—not effective treatment by 


ANF. 


The underlying mechanisms for such relative resis- 
tance to bolus ANF therapy are uncertain. The stimulus 
of brief pharmacologic levels of plasma ANF (half-life © 
approximately 3 minutes), even though the biologic ef- 
fects are more prolonged,!3 may simply be too short- 
lived to exert sustained effects. Higher doses may be more _ 
effective even though the doses used in the present study _ 
exceeded those used in any other bolus study reported to _ 


















- date.!-3 The present dosage was similar to the total dose 
infused over 4 hours in similar patients, which resulted in 
clear hemodynamic benefit.4 

The inefficacy of daily single dose bolus intravenous 
ANF exhibited in this study does not necessarily indicate 
the total absence of a therapeutic role for ANF. Con- 
stant-dose infusions of ANF have been shown to exert 
beneficial effects.4 It remains possible that maneuvers 
directed at causing relatively subtle but sustained incre- 
ments in plasma ANF, either by providing orally bio- 
active analogs or by use of an inhibitor of degradation of 
endogenous peptide, may yet play a role as either sole or 


adjunctive therapy in the management of patients with 
CHF. a: i : 
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Echocardiographic Detection and Clinical Significance of Left Atrial 
Vegetations in Active Infective Endocarditis 


Jerome H. Kim, MD, Alan Wiseman, MD, Joseph Kisslo, MD, and David T. Durack, MB, DPhil 


pb of the mural endocardium during infec- 
tive endocarditis (IE) was commonly reported in early 
series of patients,! but little new information has been 
added since antibiotic therapy dramatically reduced the 
mortality of this condition. Mural vegetations are 
thought to develop in 2 ways. The more common involves 
growth of a vegetation at the site of a “jet lesion,” that is, 
the impact site of a regurgitant stream. Much less com- 
mon is isolated, primary mural endocarditis—through 
1978 there had been only 22 reported cases. Two-dimen- 
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FIGURE 1. Two-dimensional echocardiogram in left para- 
sternal long-axis view, in diastole, of a patient with IE, 
shows a large vegetation (arrow) on the posterior wall of 
the left atrium (LA), just above the level of the mitral 





varied from mild to severe based on the size of the regur- — 
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sional echocardiography can detect vegetations of IE in 
43 to 100% of patients.4 Some investigators have suggest- 
ed that the detection of vegetations by echocardiography 
may identify a subgroup of patients at higher risk for- 
embolic complications.+ Others have included it asa- 
minor criterion for surgical intervention in active IE.? = 

Mural vegetations have not been well characterized 
echocardiographically, nor has their clinical significance. 
been studied in detail. We report 6 patients with IE and 
left atrial (LA) masses demonstrated by 2-dimensional — 
echocardiography. Doppler color flow imaging revealed a _ 
regurgitant stream striking endocardium at the base of 
the vegetation in all patients. Transesophageal echocardi- 
ography proved an excellent technique to study the loca- 
tion and size of vegetations attached to the posterior LA 
wall, which is difficult to visualize by standard 2-dimen- 
sional echocardiography. 

We reviewed the Duke University Medical Center 
echocardiography log books for the years 1982 through 
1988 for patients with mitral regurgitation and vegeta- 
tions found by echocardiogram. Six patients were identi- _ 
fied. 

Two-dimensional echocardiography and Doppler 
color flow imaging were performed using a Hewlett- 
Packard 77020 AU ultrasound imager equipped with a 
2.5-MHz phased-array transducer or an Interspec 
Vingmed mechanical scanner. In each study, standard 2- 
dimensional views were obtained. The LA vegetations 
were visible on multiple views in all 6 patients. The 
parasternal long-axis view was usually the best. Trans- 
esophageal echocardiography was performed with a 5.0- 
MHz Hewlett-Packard transesophageal probe. All — 
echocardiograms were reviewed by AW and JK. “ee 

All patients were in sinus rhythm. A history of intra- 
venous drug abuse was obtained from 4 of the 6 patients 
and rheumatic heart disease from 2. Mitral valve pro- 
lapse was present in 1 patient. The LA vegetation was 
posterior in 5 and anterior in 1; in each instance the 
regurgitant jet was directed at the lesion. The degree of 
mitral regurgitation, as assessed echocardiographically, 














` gitani jet. Streptococci were responsible for 4 cases of LA 
endocarditis, although no single organism appeared to 

< predominate. Five of 6 patients had clinical or presumed 
embolic events; only 1 had serious morbidity secondary 
to emboli. One patient underwent atriotomy and vegec- 

-tomy and had a large postoperative hemorrhage in the 

< basal ganglia, presumably related to anticoagulation. 

_ Follow-up of this patient at 6 months shows no echocar- 

-diographic evidence of residual vegetations. A second 

patient underwent vegectomy. Intraoperative trans- 

esophageal echocardiography suggested a dramatic re- 
duction in the size of the vegetation, which was con- 
firmed by atriotomy. The residual stem of the large 
vegetation was removed and was histologically consis- 
_. tent with a vegetation. Silent embolism is presumed to 
_ have occurred. A third patient died 3 months after dis- 

-charge from an acute myocardial infarction. Necropsy 
Showed splenic and bilateral renal emboli. No atrial 

lesions were seen. 

: Figures | and 2A show typical mural lesions on the 

posterior LA wall. Figure 2B is the color flow Doppler 

__ Study of the identical systolic frame shown in Figure 2A; 

_ it depicts the posteriorly directed regurgitant jet striking 

~ the LA vegetation. Figure 3 is a surgical specimen re- 

oe moved Jrom the LA wall of the first patient to undergo 

"| Begectomy. 

We have provided echocardiographic evidence of LA 
masses in 6 patients with mitral valve IE, establishing by 
color flow Doppler the pathogenic relation between the 
regurgitant jet and the mural lesion in each of these 

` patients. Improved echocardiographic technology, the 
use of transesophageal echocardiography, and color flow 

_ Doppler techniques have enhanced our ability to detect 

He these lesions. Five of 6 patients had clinical embolic 









_- FIGURE 2. A, 2-dimensional! echocardiogram in left parasternal long-axis view of a second patient, in systole. A small 
: Vegetation (VEG) is seen on the posterior wall of the left atrium. A larger vegetation is seen on the mitral valve that, in systole, 
<; -extended directly toward the smali vegetation on the atrial wall. B, color-flow Doppler imaging of the identical systolic frame — 
2 ee A ec ns Wie pectectory arortod hartuk A Bt of ten traian (enn; mattered shih en bese of ip EA 


: vegetation. Abbreviations as in Figure 1. 










































events, suggesting that these patients are more prone to 
embolize and raising the further question of early surgical 
intervention. Tumor and sterile thrombi can also appear 
as mass lesions on echocardiography and are associated 
with a high frequency of embolization; however, all pa- 
tients in this study had clinical evidence of IE and positive 
blood cultures. 

Mural vegetations in IE were frequently reported in 
the preantibiotic era. Horder! found 36% at necropsy, 
and Blumer? found them in 55% of his cases. The engraft- 
ment of infected mural vegetations on rheumatic atrial 
plaques or on MacCallum’s patches was considered com- 
mon.® Vegetations in these sites typically were seen in 
association with valvular vegetations. The incidence of 
mural vegetations in patients with valvular endocarditis 
but without previous valvular disease (hence without 
MacCallum’s patches) is unknown. Little has been writ- 
ten on the subject of mural vegetations complicating [Ein 
the antibiotic era. In 1 study, 10 of 58 patients with aortic 
regurgitation from bacterial IE undergoing elective valve 
replacement had jet lesions of the chordae tendineae and 
anterior mitral cusp.? Roberts and Buchbinder!° describe 
mural lesions in their necropsy series of patients with 
healed, left-sided TE. Technological advances, however, 
now allow in vivo observation of such lesions by 2-dimen- 
sional echocardiography and transesophageal echocardi- 
ography, coupled with demonstration of the postulated 
relation between regurgitant jets and mural vegetations 
by color flew Doppler. 

Echocardiography can demonstrate vegetations in 43 
to 100% of patients with IE.‘ Before the advent of Dopp- 
ler color flow imaging, accurate depiction of regurgitant 
flow in vivo was difficult. Improved 2-dimensional echo- 
cardiographic technology and transesophageal echocar- 
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FIGURE 3. Surgical specimen of the vegetation shown in Fig- 
ure 1. The base of the vegetation and site of attachment to the 
posterior LA wall is shown at left (arrow). 


diography have allowed better visualization of the poste- 
rior LA wall.!! The data provided by 2-dimensional echo- 
cardiography, transesophageal echocardiography and 
color flow Doppler imaging in the patients described 
above directly support the concept that regurgitant jets 
underlie the mural vegetations described in previous re- 
ports. The action of this jet on the mural endocardium 
likely creates a focal area of damage, which undergoes 
fibrosis. This creates what may be generically termed jet 
lesions. Engraftment of organisms onto a jet lesion leads 
to the development of mural vegetations. The color flow 
Doppler studies showing impingement of the regurgitant 
jets at the base of atrial vegetations provide visual confir- 
mation of a supposed pathophysiologic mechanism. The 
-relative frequency with which we have observed these 
abnormalities in recent years suggests that they may be 
more common than expected. Routine use of transesoph- 
ageal echocardiography should increase the detection of 
such lesions, 
-< ‘The natural history of mural vegetations during and 
after treatment is not well understood. About 10% of 


vegetations observed by ec 

ther during the course of: appropriate therapy.) In 3 of our. 
patients the mural lesions appeared during the course of 
appropriate therapy, without clinical evidence of deterio- 
rating valvular function. In the necropsy series of Roberts 
and Buchbinder!® calcification of healed mural vegeta- 
tions was seen. Four of our patients had definite embolic 
events, and a fifth probably had a silent embolism. One of `.. 
these was associated with significant morbidity. Pruitt et 
al!? reported 2 patients with mural thrombi in IE, one of.. 
whom had a neurologic complication. The risk of emboli- 
zation is a complex function, related to the etiologic or- 
ganism, hemodynamic factors, the site of the vegetati 
and perhaps the size of the vegetation.*® Although echo- 
cardiographic vegetations are included as minor criteria 
for surgical intervention in active IE,’ it is not yet clear - 
whether patients with mural IE represent a subgroup at _ 
greater risk for embolization.® Our data do suggest a high _ 
incidence of embolization, perhaps higher than is typical 
for IE. Further study of this problem is warranted. 
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Double-blind, 14-week, parallel study to compare the efficacy and safety of PROCARDIA XL (30-90 mg/day) and long-acting 
propranolol (80-240 mg/day) in 63 patients with moderate essential hypertension (sitting diastolic blood pressure 95-110 mm Hg) 
who were already receiving diuretics. Blood pressure measurements were made 24 hours after last dose. Goal response was 
defined as either: (a) diastolic blood pressure < 90 mm Hg at the final visit, or (b) diastolic blood pressure < 90 mm Hg or at 

least a 10 mm Hg reduction from baseline. (Reported by Frishman WH et al, Am J Cardiol, 1989.) 
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Single-blind, randomized trial to compare PROCARDIA XL (30-150 mg/day) with enalapril (5-40 mg/day) in 59 evaluable black 
hypertensive patients. Mean supine and standing diastolic BP for PROCARDIA XL was 102 mm Hg and 105 mm Hg, respectively, 
and for enalapril, 101 mm Hg and 105 mm Hg, respectively. Goal blood pressure was defined as = 90 mm Hg and a > 10 mm Hg 
decrease, BP was measured 24 hours after the last dose on final visit. (Data on file, Medical Department, Pfizer Laboratories 7) 
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Fourteen-week, open, crossover trial to compare the efficacy and dose equivalency of nifedipine capsules (weeks 1 and 2) 
versus PROCARDIA XL (weeks 3-14) in 98 patients with chronic stable angina who had been on nifedipine capsules at least one 
month prior to the study. Ninety-one patients remained on other antianginal medications throughout the study; the majority 
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Results of a 14-week, open-label, crossover trial to compare the efficacy and dosing equivalency of nifedipine capsules (weeks 
land 2) versus PROCARDIA XL (weeks 3-14) in 10 patients with stable angina. Total daily nifedipine doses were: nifedipine 
capsules: 30 to 60 mg/day (mean = 40 mg/day); PROCARDIA XL: 30 to 60 mg once/day (mean = 39 mg once/day). Patients 
remained on other antianginal medication throughout the study, including beta blockers and/or nitrates. Serial treadmill 
exercise testing was performed at baseline while on nifedipine capsules, at 2 weeks of treatment with PROCARDIA XL and after 
12 weeks of treatment with PROCARDIA XL. (Reported by Vetrovec GWet al, Am Heart J, 1988. 8) 
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Edema Head- Flushing Dizzi- Palpi- 
ache ness tations 
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Nifedipine capsule adverse experiences as reported in package insert compared with PROCARDIA XL data obtained from multiple controlled trials in 
patients with angina. Patients received nifedipine capsules (n = 226) in doses of 30-180 mg/day or PROCARDIA XL (n= 172) in doses of 30-150 mg/day. 
(Data on file. Medical Department, Pfizer Laboratories, Pfizer Inc.*) 


Direct comparison of the frequency of occurrence of the adverse experiences with 
nifedipine capsules to that reported with PROCARDIA XL is difficult as these data 
were not obtained from controlled studies comparing the two formulations. 


In the combined populations, hypertension and angina: 
@ Only edema and headache were more common in PROCARDIA XL patients than 
in placebo patients 


è The incidence of edema occurs in a dose-dependent manner with an incidence 
range from approximately 10% to about 30% at the highest dose studied (180 mg) 


è Edema is not associated with fluid retention, as evidenced by no mean weight 
gain in a multicenter study of 164 patients treated with PROCARDIA XL for 
13-18 weeks? 


è In controlled trials of 776 patients with PROCARDIA XL, edema resulted in 
discontinuation of therapy in 2.7% of patients“ 


@ The incidence of headache was 15.8% (vs 9.8% for placebo) 


Please see brief summary of prescribing information on last page 


New, Once-a-Day 


Procardia an 


(nifedioine) Extended Release 


Tablets 30 mg, 60 mg and 90 mg GITS 





In Angina Patients, Ischemic Events Cluster in the 
Early Morning Hours 


è A significant circadian variation exists in the pattern of occurrence of ischemic 
events measured by ST-segment depression on ambulatory ECG monitoring 
with peak ischemic activity occurring in the first 1 to 6 waking hours1° 

CIRCADIAN PATTERN OF ISCHEMIC EVENTS1° 
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Distribution patterns of the time of transient myocardial ischemia with ST-segment depression in patients with stable angina, 
as detected by 24-hour Holter monitoring. (Adapted from Muller JE et al, Circulation, 1989.10) 


Now, Once-Daily Dosing Delivers Essentially Constant 
24-Hour Plasma Levels 
MEAN STEADY-STATE PLASMA CONCENTRATIONS WITH PROCARDIA XL TABLETS“ 










Mean concentration 
(ng/mL) 





Hours post dose (day 5) 


Mean steady-state plasma concentrations of PROCARDIA XL tablets (daily dose: 60 mg q.d.) in 21 healthy volunteers. (Data on 
file. Medical Department, Pfizer Laboratories, Pfizer Inc.4) 


4-HOUR CONTROL FOR BOTH 


HYPERTENSION AND ANGINA 
WITH ONCE-DAILY DOSING 


EASY TO INITIATE ONCE-DAILY DOSING 





@ Initiate once-a-day therapy with a single 30-mg or 60-mg PROCARDIA XL Extended 


Release Tablet, swallowed whole 


EASY TO SWITCH TO ONCE-DAILY DOSING 


e Over 90% of angina patients controlled on nifedipine capsules were easily switched and 
controlled on PROCARDIA XL Extended Release Tablets at the nearest total daily dose* 


TITRATION SHOULD PROCEED AS CLINICALLY WARRANTED 
è For full dosage instructions, see prescribing information 


References: 1. Gavras |, Mulinari R, Gavras H, et al: Antihypertensive effectiveness of the nifedipine gastrointestinal therapeutic system. Am J Med 1987;83(suppl 6B):20-23. 2. Frishman WH, 
Garofalo JL, Rothschild A: The nifedipine gastrointestinal therapeutic system in the treatment of hypertension. Am J Cardiol 1989;64(supp! to No. 11):65F-69F. 3. Vetrovec GW, Parker VE, Cole S, 

et al: Nifedipine gastrointestinal therapeutic system in stable angina pectoris: Results of a multicenter open-label crossover comparison with standard nifedipine. Am J Med 1987;83(suppl 6B):24-29. 
4. Data on file. Medical Department, Pfizer Laboratories, Pfizer Inc, New York. 5. Chung M. Reitberg DP, Gaffney M, et al: Clinical pharmacokinetics of nifedipine gastrointestinal therapeutic 
system: A contolled-release formulation of re lc Am J Med 1987;83(supp! 6B):10-14. 6. Swanson DR, Barclay BL, Wong PSL, et al: Nifedipine gastrointestinal therapeutic system. Am J Med 


1987;83(suppl 6B):3-9. 7. Data on file. Medical 


partment, Pfizer Laboratories, Pfizer Inc, New York. 8. Vetrovec GW, Parker VE, Alpert DA: Comparative dosing and efficacy of continuous-release 


nifedipine versus standard nifedipine for angina pectoris: Clinical response, exercise performance, and plasma nifedipine levels. Am Heart J 1988;115(4):793-798. 9. Krakoff LR, Bravo EL, Tuck MK, et al: 
Antihypertensive and metabolic effects of nifedipine gastrointestinal therapeutic system (NGITS) in essential hypertension, abstracted. American Society of Hypertension, 4th Scientific Meeting, 
New York, May 10-12, 1989. 10. Muller JE, Tofler GH, Stone PH: Circadian variation and triggers of onset of acute cardiovascular disease. Circulation 1989;79(4):733-743. 
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PROCARDIA faa) Extended Release Tablets For Oral Use 
CONTRAINDICATIONS: noan hypereensitviy reaction to nifedipine. 

WARNINGS: Excessive Hypotension: Although in most angina patients the hypotensive effect of nifedipine is modest and well tolerated, 
occasional patients have had excessive and poorly tolerated hypotension. These responses have usually occurred during initial titration 
or at the time of subsequent upward dosage adjustment, and may be more likely in patients on concomitant beta blockers. 3 

Severe hypotension and/or increased fluid volume requirements have been reported in patients receiving nifedipine together with a 
beta-blocking agent who underwent coronary artery bypass surgery using high dose fentanyl anesthesia. The interaction with high dose 
fentanyl appears to be due to the combination of nifedipine and a beta blocker, but the possibility that it sy a with nifedipine alon 
with low doses of fentanyl, in other fe procedures, or with other narcotic analgesics cannot be ruled out. In nifedipine-treat 
patients where surgery using high dose | anesthesia is contemplated, the physician should be aware of these potential problems 
e if the patient's condition permits, sufficient time (at least 36 hours) should be allowed for nifedipine to be washed out of the body prior 
t0 surgery. 

The following information should be taken into account in those patients who are being treated for hypertension as well as angina: 

h ina and/or rdial Infarction: Rarely, patients, particularly those who have severe obstructive coronary artery dis- 
ease have developed well documented increased frequency, duration and/or severity of angina or acute myocardial infarction on starting 
nif pne or at the time of dosage increase. The mechanism of this effect is not established. 

Beta Withdrawal: It is important to haper beta blockers if possible, rather than stopping them tinpi betore beginning nifedi- 
pine. Patients recently withdrawn from beta blockers may develop a withdrawal syndrome with increased angina, probably related to 
erea opaty, na catecholamines. Initiation of nifedipine treatment will not prevent this occurrence and on occasion has been 
repor increase i 

Congestive Heart Failure: Rarely, patients usually receiving a beta blocker, have developed heart failure after beginning nifedipin. 
Patients with tight aortic stenosis may be at greater risk for such an event, as the uoading sect of nifedipine would be expected to be 
of less benefit to those patients, owing to their fixed impedance to flow across the aortic valve. 

PREI NS: General lension: Because nifedipine decreases peripheral vascular resistance, careful monitoring of blood 
pressure during the initial administration and titration of nifedipine is suggested. Close observation is especially recommended for 
eee already taking medications that are known to lower blood pressure. See WARNINGS.) 

ripheral Edema: Mild to moderate peripheral edema occurs in a dose dependent manner with an incidence ranging from approxi- 
mately 10% to about 30% at the highest dose studied (180 mg). It is a localized phenomenon thought to be associated with vasodilation 
of dependent arterioles and small blood vessels and not due to left ventricular dysfunction or generalized fluid retention. With patients 
whose angina or hypertension is complicated by congestive heart failure, care should be taken to differentiate this peripheral edema from 
the effects of increasing left ventricular dysfunction - 

fests: Rare, usually transient, but occasionally significant elevations of enzymes such as alkaline phosphatase CPK, LDH, 
SGOT, and SGPT have been noted. The relationship to nifedipine teram is uncertain in most cases, but probable in some. These labora- 
tory abnormalities have rarely been associated with clinical symptoms; however, cholestasis with or without jaundice has been reported. 
Asmal iel ingrease in mean alkaline phosphatase was noted in patients treated with PROCARDIA XL. This was an isolated finding not 
associated with clinical symptoms and it rarely resulted in values which fell outside the normal range. Rare instances of allergic hepatitis 
have been reported. In controlled studies, RDIA XL did not adversely affect serum uric acid, glucose, or cholesterol. Serum 
potassium was unchanged in patients receiving PROCARDIA XL in the absence of concomitant diuretic therapy, and slightly decreased in 
patients receiving concomitant diuretics. 

Nifedipine, like other calcium channel blockers, decreases platelet aggregation in vitro. Limited clinical studies have demonstrated a 
moderate but statistically significant decrease in platelet aggregation and increase in bleeding time in some nifedipine patients. This is 
ought to be a topao of inhibition of calcium transport across the platelet membrane. No Clinical significance *or these findings has 

n demonstra 

Positive direct Coombs test with/without hemolytic anemia has been reported but a causal relationship between nifedipine adminis- 
tration and positivity of this laboratory test, hr hemolysis, could not be determined. 

Although nitedipine has been used safely in patients with renal dysfunction and has been reported to exert a beneficial effect in certain 

cases, rare reversible elevations in BUN and serum creatinine have been reported in patients with pre-existing chronic renal insufficiency. 
The relationship to nifedipine therapy is uncertain in most cases but probable in some. 
Drug Interactions—Beta-adrenergic blocking agents: (See WARNINGS) Experience in over 1400 patients with Procardia® capsules in a 
noncomparative clinical trial has shown that concomitant administration of nifedipine and beta-blocking agents is usually well tolerated 
but there have been occasional literature reports suggesting that the combination may increase the likelihood of congestive heart failure, 
severe hypotension, or exacerbation of angina. 

Long Acting Nitrates: Nifedipine may be safely co-administered with nitrates, but there have been no controlled studies to evaluate the 
amtangiral fectiveness of this combination. 

Digitalis: Administration of nifedipine with digoxin increased digoxin levels in nine of twelve normal volunteers. The average increase 
was 45%. Another investigator found no increase in digoxin levels in thirteen patients with coronary de disease. In an uncontrolled 
study of over two hundred patients with congestive heart failure during which digoxin blood levels were not measured, digitalis toxicity 
was not observed. Since there have been isolated reports of patients with elevated digoxin levels, itis recommended that digoxin levels 
be monitored when initiating, adjusting, and discontinuing nifedipine to avoid possible over- or under-digitalization 

Coumarin Anticoagulants: There have been rare reports of increased prothrombin time in patients taking coumarin anticoagulants to 
whom nifedipine was administered. However, the relationship to nifedipine therapy is uncertain. 

Cimetidine: A study in six healthy volunteers has shown a significant increase in peak nifedipine plasma levels (30%) and area-under- 
the-curve (74%), after a one week Course of cimetidine at mg per day and nifedipine at 40 mg per day. Raniticine Lprducad smaller, 
non-significant increases. The effect may be mediated by the known inhibition of cimetidine on hepaic cytochrome P-450, the enzyme 
system probably responsible for the first-pass metabolism of nifedipine. If nifedipine therapy is initiated in a patient currently receiving 
cimetidine, caufious titration is advised. 


Carcinogenesis, Mutagenesis, Impairment of lae 3 Nifedipine was administered orally to rats, for two years and was not shown to 
be carcinogenic. When given to rats prior to mating, nifedipine caused reduced fertility at a dose approximately 30 times the maximum 
recommended human dose. /n vivo mutagenicity studies were negative. 

Pregnancy: Pregnancy Category C. Nifedipine has been shown to be teratogenic in rats when given in doses 30 times the maximum 
recommended human dose. Nifedipine was embryotoxic (increased fetal resorptions, deci fetal weight, increased stunted forms, 
increased fetal deaths, decreased neonatal survival) in rats, mice, and rabbits at doses of from 3 to 10 times the maximum recommended 
human dose. In pregnant monkeys, doses 2/3 and twice the maximum recommended human dose resulted in small placentas and 
underdeveloped chorionic villi. In rats, doses three times maximum human dose and higher caused prolongation of p nancy. There 
are no adequate and well controlled studies in prognan women. PROCARDIA XL® (nifedipine) Extended Release Tablets should De used 

st 


durin egan gait the potential benefit justifies the potential risk to the fetus. 

ADVERSE ENCES: Over 1000 patients from both controlled and open trials with PROCARDIA XL Extended Release Tablets in 
mpera and angina were included in the evaluation of adverse experiences. All side effects reported during PROCARDIA XL 
Extended Release Tablet therapy were tabulated independent of their causal relation to medication. The most common side eftect 
reported with PROCARDIA XL was edema which was dose related and ranged in frequency from approximately 10% to about 30% at the 
highest dose studied (180 mg). Other common adverse experiences reported in placebo-controlled trials include: headache (15.8%, 
compared to 9.8% placebo incidence), fatigue (5.9%, compared to 4.1% placebo naama) dizziness (4.1%, compared to 4.5% placebo 
incidence), constipation (3.3%, compared to 2.3% placebo incidence), and nausea (3.3%, compared to 19% placebo incidence). Of 
these, ony edema and headache were more common in PROCARDIA XL patients than placebo patients. 

The following adverse reactions occurred with an incidence of less than 3.0%. With the exception of leg cramps, the incidence of these 
side effects was similar to that of placebo alone: body asa whole/systemic: asthenia, flushing, pain; cardiovascular: palpitations; central 
nervous system: insomnia, nervousness, paresthesia, somnolence; dermatologic: pruritus, rash; gastrointestinal: abdominal pain, 
carrie $ ry morti, dyspepsia, flatulence; musculoskeletal: arthralgia, leg cramps; respiratory: chest pain (nonspecific), dyspnea; 
urogenital: impotence, polyuria. y 

f adverse reactions Were reported sporadically with an incidence of 1.0% or less. These include: body as a whole/systemic: face 
edema, fever, hot flashes, malaise, periorbital edema, rigors; cardiovascular: arrhythmia, hypotension, increased angina, tachycardia, 
syncope; central nervous system: anxiety, ataxia, decreased libido, depression, hypertonia, sthesia, migraine, paroniria, tremor, 
vertigo; dermatologic: alopecia, increased sweating, urticaria, purara gastrointestinal: eructation, gastroesophageal reflux, gum 

perplasia, melena, vomiting, weight increase; musculoskeletal: back pain, gout, myalgias; respiratory: coughing, epistaxis, upper 
respiratory tract infection, respiratory disorder, sinusitis; special senses: abnormal 
tinnitus; urogenitalireproductive. breast pain, dysuria, hematuria, nocturia. 
B experiences which occurred in less than 1 in 1000 patients cannot be distinguished from concurrent disease states or 
ications. 

In multiple-dose U.S. and foreign controlled studies with nifedipine capsules in which adverse reactions were reported spontaneously, 
adverse effects were frequent but generally not serious and rarely required discontinuation of therapy or dosage adjustment. Most were 
expected consequences of the vasodilator effects of Procardia. Adverse experiences reported in placebo-controlied trials include: dizzi- 
ness, lightheadedness, and giddiness (27%, compared to 15% placebo incidence); flushing, heat sensation (25%, compared to 8% 
placebo incidence); headache (23%, compared to 20% placebo incidence); weakness (12%, compared to 10% placebo pede 


imation, abnormal vision, taste perversion, 


nausea, heartburn (11%, compared to 8% placebo incidence); muscle cramps, tremor (8%, compared to 3% placebo incidence} 
peripheral edema (7%, compared to 1% placebo incidence); nervousness, mood changes (7%, compared to 4% placebo incidence’ 
palpitation (7%, compared to 5% placebo incidence); dyspnea, cough, and wheezing (6%, compared to 3% placebo incidence); and 
nasal congestion, sore throat (6%, compared to 8% placebo incidence) 

There is also a large uncontrolled moprence in over 2100 patients in the United States. Most of the patients had vasospastic or 
resistant angina pectoris, and about half had concomitant treatment with beta-adrenergic blocking agents. The relatively common 
adverse events were similar in nature to those seen with PROCARDIA XL. 

In addition, more serious adverse events were observed, not readily distinguishable from the natural history of the disease in these 
patients. It remains possible, however, that some or many of these events were drug related. Myocardial infarction occurred in about 4% 
of patients and congestive heart failure or pulmonary edema in about 2%. Ventricular arrhythmias or conduction disturbances each 
occurred in fewer than 0.5% of patients. 

In a subgroup of over 1000 patients receiving Procardia with concomitant beta blocker therapy the pation and incidence of adverse 
experiences was not different from that of the entire group of Procardia treated patients (See PI ‘CAUTIONS. ) 

n a subgroup of approximately 250 patients with a diagnosis of congestive heart failure as well as angina, dizziness or lightheaded- 
ness, peripheral edema, headache or flushing each occurred in one in eight patients. Hypotension occurred in about one in 20 patients. 
pone occurred in pie one patient in 250. Myocardial infarction or symptoms of congestive heart failure each occurred in 
about one patient in 15. Atrial or ventricular dysrhythmias each occurred in about one patient in 1 


More detailed professional information available on request. 


© 1989, Pfizer Inc. 


LABORATORIES DIVISION 


PFIZER INC 


The Heart and Hypertension 
Edited by Franz H. Messerli, MD ee 


This volume provides a critical review of recent sdseanch is into areas that 
connect the heart to hypertension: 


the heart's involvement in the pathogenesis of arterial hypertension; 


e the heart as a target organ of long-standing hypertension; 


¢ the effect of antihypertensive agents on cardiac structure and function. 


1987 482 pp. $52.95 


30-day approval 


Butterworths 
OC] 80 Montvale Avenue 
Stoneham, MA 02180 
<E Please send me ____ copy(ies) of The Heart 


_ and Hypertension at $52.95 each. 914-31645-1 


[J Enclosed is my check for 


MA residents add 5% sales tax. If paying in Canadian 
dollars, add 38%. 


C Bill me. [C Bill my company. P.O. enclosed. 
~ (Price quoted for U.S. and Canada) 








_—— ANNOUNCING -——— 


International Symposium on 

LIPOPROTEIN 

METABOLISM 
AND 


S 
LIPID 
LOWERING 
AGENTS 

















27 FEBRUARY-2 MARCH 1990 


THE NETHERLANDS CONGRESS CENTRE 
THE HAGUE, THE NETHERLANDS 


For further information please contact the Conference 
Secretariat: 

Ian Shepherd, Gardiner-Caldwell Communications 
Ltd., The Old Ribbon Mill, Pitt Street, Macclesfield, 
Cheshire, SK11 7PT, UK 


Tel: 0625 618507 Fax: 0625 610260 Telex: 665328 GCCG 


Send this order form or call toll-free 1-800-548-4001 
Operator Y. In MA or Canada 617-438-8464 


EST 8:30-5:00 


O Please bill © VISA (MasterCard ( Am. Express 
Card # Exp. Date 





Signature necessary 
Name 


Street Address 
City, State, Zip 








Anticipated audience: 
1000 — 1500 international specialists 


Topics include: 

Lp (a) 

HMG-CoA reductase inhibitors 
Fibrates 

Resins 

HDL metabolism 

Diabetes and hyperlipidaemia 
Epidemiology of atherogenesis 


© Abstracts are welcome for: 
Poster presentations 


Free communications 


è Satellite symposia 


è Full scientific exhibition — 














s to Congenital Heart Disease | 
S, FRCR, David Firmin, PhD, Raad Mohiaddin, MB, BSc, Richard Uidėiwod, MRCP, 
onald Longmore, FRCS 











easurement of flow in the systemic and pulmo- 
Y E nary circulations is one of the main reasons for 
performing cardiac catheterization in patients with con- 
genital heart disease. We have previously reported a mag- 
netic resonance method of flow measurement that in- 
volves the acquisition of velocity maps! using a field- 
echo sequence with even echo rephasing (FEER).>* It 
depends on the fact that a magnetic resonance signal has 
both amplitude and phase and that phase can be encoded 
to give a measure of flow velocity. Stationary tissues have 
_ zero phase and are shown as mid-gray, but flowing blood 
_ has a phase shift, which is proportional to its velocity in a 
defined direction and is displayed as a darker or lighter 
shade. 
<- We obtained flow measurements by velocity mapping 
in 8 patients with congenital heart disease who had un- 
equal levels of pulmonary and systemic flow. The diag- 
noses are listed in Table I. Spin-echo images of the 
~ vessels were obtained to display the anatomy and locate 
a suitable slice perpendicular to the direction of flow in 
-the appropriate vessel for the acquisition of the velocity 
maps. Aortic flow was measured in 7 patients in a trans- 
_ verse slice approximatel ly at the level of the right pulmo- 
nary artery. Flow in the pulmonary trunk was measured 
4 patients in an oblique tilted coronal slice approxi- 
ately equidistant from the pulmonary valve and the 
bifurcation. In the hilar arteries, measurements were 
obtained in 4 patients. In the right hilum the appropriate 
lice was sagittal, and in the left hilum it was oblique. In 
patient & flow was measured in the right coronary artery 
-ina transverse slicein the mid-descending portion of the 
right atrioventricular groove. Each flow measurement 
entailed the acquisition of 16 velocity maps at approxi- 
mately 40-ms intervals through the cycle, which covered 
the systolic period and approximately the first half of 
diastole. The slice thickness was 10 mm and the matrix 
was 128 X 256, which with a 40-cm field of view gave a 
voxel size of 3 X 1.5 X 10 mm. Velocities in the range of 
2 m/s were encoded and the data acquisition time was 
proximately 8 minutes depending on heart rate. 
-Table I shows flow (in liters/min) derived from the 
locity maps along with the pulmonary to systemic flow 
ratio. The measurements were also displayed as instant 
low plotted against time (Figure 1). Signal loss in the 
pulmonary trunk prevented the acquisition of a techni- 
cally satisfactory velocity map in 2 patients, but it was 
possible to obtain measurements in each of the branches 
inthe hilum. In patients with Eisenmenger patent ductus 
Arteriosus, flow measurements y were ae in the as- 


TABLE I Fiow Measurements 
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EisPDA+VSD 26 8509 05 — O14. 
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Flow is in liters /min. : ae 
ASD = atrial septal defect; Eis = Eisenmenger; LPA = left pulmonary artery; PDA we 
patent ductus arteriosus; PT = pulmonary trunk; Qp/Qs = pulmonary to systemic: 

flow ratio; RPA = right oy artery: Truncus = persistent truncus arteriosus; 
VSD = ventricular septal 5 
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‘Tom ithe Magnetic Resonance Unit, National Heart and Chest Hospi- FIGURE 1. Instant flow (in liters/min) in ascending aorta and 
s, 30 Britten Street, London SW3 6NN, United Kingdom. Manu- psec i trunk (PA) at 40-ms intervals during 1 cardiac 
ipt received May 9, 1989; revised manuscript received and accepted plotted against time. A, patheni 1, atrial septal defect; 
uly 5, 1989. oo i ; ; Eroa patit 3, ventricular ropta detiet. 
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_ cending aorta, pulmonary trunk and each hilar artery 
but the turbulence in the descending aorta precluded the 
measurement of flow here. However, assuming that the 

total systemic venous return was equal to the sum of the 
ascending aortic flow and the net flow across the ductus, 
the reversed shunt across the ventricular septal defect 
amounted to 1.2 liters/min (Figure 2). In truncus arter- 
iosus, flow was measured in the aorta above the origin of 
the pulmonary arteries as well as in both hilar arteries 
(Figure 3). Flow in the right coronary artery was mea- 
sured in a patient with origin of the left coronary artery 
from the pulmonary trunk (Figure 4). We believe this is 
the first reported case of coronary flow measurement by 
magnetic resonance. The velocity map showed 2 peaks, 
one in early systole and one in diastole (in contrast to 
normal coronary flow, which occurs mainly in diastole), 
suggesting that the systolic peak represents flow shunt- 
ing into the low resistance pulmonary circuit bypassing 
the coronary capillaries. 





QO Aortic fiow 
o LPA flow 


+ PA flow 
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Flow measurem by velocity mapping have | 


ously been validated in normal su jects. First, magneti 


resonance images have been shown to be dimensional 

accurate. In 20 normal subjects ventricular stroke vol 
umes derived from the sum of the right and left ventricu- 
lar cavity areas at end-systole and end-diastole in multi- 
ple contiguous transverse spin echo images 1 cm thick 
(which should theoretically be equal), showed an error of 
<5% in estimating the volume of a chamber.’ Second, the. 
mean pixel value over the area of a vessel in a velocity 
map derived from a field echo sequence image multiplied 
by that area gives a measure of instantaneous volume _ 
flow.° In 10 normal subjects, integration of the volume.. 

flow curve in the ascending aorta built up at approxi- 
mately 40-ms intervals through the cardiac cycle gave a 
volume that was close to the left ventricular stroke vol- 
ume measured on multiple slices (correlation coefficient 
0.97 [p <0.001], standard error of the estimate 3.2 ml). 
Thus, 2 conceptually different methods for the noninva- 








, were in close agreement. Third, compari- 
ured by velocity mapping in the ascend- 


The advantages of the technique are that it combines 
cquisition of anatomic display from spin echo images 
ith accurate measurement of flow and estimation of 
shunt volumes. The potential disadvantages are 3-fold. 
First, data acquisition and data processing are time con- 
suming and require about 15 minutes to complete each 
set of velocity maps. However, modification to the se- 
quences using the echoplanar principle should in the near 
future lead to faster data acquisition, which will largely 
minate this problem. Second, phase shifts greater than 

1 cycle appear as artifacts due to velocity aliasing, which 
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“FIGURE 3. Patient 7, with truncus arteriosus, type 1. 
A, velocity map in transverse slice in systole showing 
cranial flow in left pulmonary artery (L) and in aorta 
_above origin of pulmonary arteries (A). S = superior vena 
cava; D = descending aorta. B, instant flow (in liters/min) 
<osput against Ume In aorta and oach Wiar ariary LPA = 
ont pulmoriary artery; RPA = right pulmonary artery. 


limits the range of velocities that can be measured with- 


out ambiguity. However, if the range is inappropriate, the 


artifact can be removed by reforming the velocity map ` 


with a shifted window of velocities. Alternatively, a fur- 
ther data acquisition can be obtained with a field echo 
sequence using a reduced phase sensitivity to velocity. 
Third, turbulence that contains many higher orders of 
motion causes signal loss and means that phase shift 
measurements are not possible. In practice, we found that — 
using an echo time of 14 ms, even slight irregularity in the 
lumen between the ventricle and the point of measure- 
ment such as a bicuspid valve or minor outflow tract- 
obstruction can cause too much signal loss for flow mea- 
surement to be possible. However, field echo sequences 
with echo times as short as 3.5 ms are being developed 
These are less sensitive to complex flow containing high 
orders of motion and appear to have the potential to solve 
this problem. 
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FIGURE 4. Patient 8. Origin of left main coronary artery from 
pulmonary trunk. A, systolic frame of velocity map in trans- 
verse slice in mid-right atrioventricular groove showing caudal. 
flow in dilated right coronary artery (arrow). B, instant flow 
velocity (in liters/min) plotted against time in right coronary 
artery showing systolic and diastolic peaks. . 
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terization is invasive and not entirely accurate. In the 
future, provided the technical problems can be overcome, 
itis likely to be superceded by magnetic resonance veloci- 
-` ty mapping when this becomes more widely available, 
leading to an increase in the number of patients in whom 

'. dnvasive studies can be avoided. 
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NMR imaging using a gradient pulse and phase difference technique. J Comput 





‘ince the original observations made with acetylcho- 
line,! several vasodilators have been shown to cause 
smooth muscle relaxation by stimulating the secretion of 
endothelium-derived relaxing factors.” It has also been 
‘shown that the vasoconstrictor effect of noradrenaline, 
neuropeptide Y, thrombin and hypoxia may be mediated 
by diffusable endothelium-derived contracting factors,34 
such as the pressor agent present in the supernatant of 
cultured endothelial cells described by Hickey et al.5 Sub- 
sequently, Yanagisawa et al® have isolated endothelin, a 
-> vasoconstrictor peptide, from the supernatant of cultured 
_ -porcine aortic endothelial cells. This 21 amino acid pep- 
tide induces potent, prolonged dose-dependent contrac- 
_. tion of isolated arterial and vein preparations from sever- 
_. al mammalian species, including porcine coronary and 
~ human pulmonary arteries.° In vitro endothelin is the 
most potent mammalian vasoconstrictor known to date, 
<- with a median effective concentration of less than the 
_ values reported for angiotensin II, neuropeptide Y and 
vasopressin.’® We have investigated the effects of locally 
infused endothelin on the canine coronary circulation in 
vivo. 
Six greyhound dogs weighing 27 to 32 kg were anes- 
- thetized using sodium thiopentone and nitrous oxide. 
_ Electromagnetic flow probes were affixed to the proxi- 
: mal left anterior descending (LAD) and circumflex cor- 
onary arteries and were calibrated to zero flow during 10 
second snare occlusions of the vessel. An epicardial elec- 
_trocardiographic lead was placed on the anteroapical 
region of the left ventricular wall and pressures were 
- — measured in the left atrium and ascending aorta. The 
__ first diagonal branch of the LAD coronary artery was 
. cannulated retrogradely to permit selective infusion into 
_ the proximal LAD. After basal observations all animals 
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In conclusion, measurement of flow by cardiac cathe- - 






al flow in the LAD territory was reduced by 78% fro 
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_ Intracoronary Endothelin Induces Myocardial Ischemia 
by Small Vessel Constriction in the Dog 


Simon W. Larkin, BSc, John G.Clarke, MRCPI, Bruce E. Keogh, Luis Araujo, MD, Chris Rhodes, MSc, 
Graham J. Davies, Kenneth M. Taylor, and Attilio Maseri, MD 


received 5-minute intracoronary infusions at 1 ml/min of 
vehicle solution (normal saline) and synthetic porcine 
endothelin-1 (3, 10, 30 and 100 pmol/min; Peninsula 
Laboratories) reconstituted in normal saline. After the 
maximum effect of the endothelin was observed, the — 
highest infusion rate was continued while coadministra- 
tions of substance P (20 pmol/min, n = 4), nicardipine 
(0.25 g/min, n = 3) and isosorbide dinitrate (2 mg in. 
ml, n = 3) were individually tested. In 3 dogs, 15-um 
diameter radiolabeled microspheres were injected as 
boluses into the left atrium to determine regional myo- 
cardial blood flow after the infusions of control vehicle. 
solution and the maximum dose of endothelin. Selective 
left coronary arteriography was performed in 2 dogs. 
During the basal state and the maximum effect of the 
endothelin infusion, the luminal diameters of the proxi- 
mal and distal LAD were measured from cineangio- 
grams using a computer-assisted edge contour detection 
system. Physiologic signals were recorded continuously 
and stored on magnetic tape. After the experiment the 
perfusion territory of the LAD was marked by the infu 
sion of Evans-Blue dye into the LAD. Tissue radioactivi- 
ty was counted in 1 to 3 g segments of the myocardium __ 
dissected from epicardial and endocardial layers of 3. 
regions: the LAD perfused territory, an area bordering it 
and, as a control, the circumflex territory. Statistical 
comparisons were made with the Student’s t test andap. 
value of <0.05 was considered significant. All data are 
expressed as mean + standard error. Sn 






































coronary blood flow from a basal level of 60 + 8 to 19 + 
7 ml/min at the highest dose of 100 pmol/min. The flow 
in the circumflex vessel was unaffected (Figure 2). Mi- 
crosphere distribution observed during the maximum 
effect of the endothelin (Figure 3) showed that epicardi 














0.25 + 0.05 oe and endocardial: 


/ milarly reduced by 66%. Flows in the epicar- 

I and endocardial layers of areas bordering the LAD 
ritory decreased by 19 and 28%, respectively, whereas 
increases of 7 and 9% were seen in the tissues recovered 
wm the circumflex territory. The reduction of LAD 
nary blood flow induced by the higher doses of 
ndothelin was followed by the onset of progressive myo- 
cardial ischemia, as evidenced by ST-segment changes 
detected on the epicardial electrocardiogram. Initially 
there were no significant changes in aortic blood pres- 


sure, heart rate or the rate-pressure double product. 


However, as the ischemia worsened, left atrial pressures 
increased (from 5.2 + 0.5 to 8.2 + 1.9 mm Hg) and 
ystolic blood pressures decreased, consistent with im- 

paired left ventricular function. Automated computer 

measurement of proximal and distal segments of the 

LAD epicardial coronary artery visualized during angi- 

ography did not show reductions of vessel caliber when 

-the effects of endothelin on coronary blood flow were 


basal endothelin 


epicardial 


circumflex 


Mean coronary blood : 
“flow (mimin): 


"L A pressure Aortic pressure 


1 minute 


After the maximum effect of the hich dose < 
endothelin was established, coinfusion of substance 
transiently increased LAD blood flow from 8.0 + 3.6 to 
29.2 + 5.4 ml/min. Coinfusion of nicardipine and bolus 
doses of isosorbide dinitrate had similar transient effects _ 
whereby the flow increase induced by these agents was — 
not sustained for >5 minutes after cessation of. adminis- Q 
tration. ee 

Growing evidence indicates that derangement í of coro- 
nary vasomotion may play an important role in ischemic 
cardiac syndromes. This study is the first demonstra’ 
of myocardial ischemia induced by a peptide isolat 
from mammalian vascular endothelium. Electromagnet- 
ic and microsphere flow measurements showed that 
endothelin-induced reduction of coronary blood flow w: 
limited to the vascular bed perfused by the infused artery, 
which suggests that intracoronary endothelin acts by 
direct local mechanism. There was no evidence that 
endothelin had any primary effect on myocardial func- 
tion. Heart rate and heart rate-blood pressure product 
were unchanged until the electrocardiographic signs of ` 


endothelin 
100 


FIGURE 1. Effect of endothelin infusions into the left anterior descending coronary artery. A period of basal observation and the 

response to 2 higher doses of endothelin are shown. Reduced left anterior descending coronary artery blood flow was followed 
i onset of myocardial ischemia, indicated by worsening epicardial electrocardiographic ST-segment depression, and in- ; 
sing left atrial (LA) pressure. Subsequent. 

sirctmnfiex Bow and the development of fatal tachyarrythmins: VT = ventricular tachycardie; 


severe jaciimia woe anvociated wihi reduca aortic pressure, Ihe rented dorine 
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- FIGURE 2. Log dose-response relation between endothelin 

-infused selectively into the left anterior descending (LAD) cor- 
“onary artery, and blood flow (mean + standard error) in the 

-LAD and the circumflex (CX) vessels. The response in the 

~ LAD was statistically significant for all doses of endothelin 
used. 


i 


myocardial ischemia became severe, when secondary 
myocardial dysfunction was seen. At the low doses used 
in this study, the predominant effect of endothelin was on 
_ Small coronary vessels: only minor changes of epicardial 
vessel caliber were seen when endothelin reduced LAD 
-coronary blood flow to its lowest rate. However, in vitro 


work shows that larger human coronary vessel segments 


will constrict when higher doses of endothelin are used.? 
Isolated organ bath studies of various mammalian tissues 
show that endothelin is the most potent vasoconstrictor 
yet known.® Similarly, in vivo endothelin seems to be 
more potent than neuropeptide Y by 1 order of magni- 
tude when given via the intracoronary route in the 


‘= dog.!°!! Substance P and isosorbide dinitrate only tran- 


_ siently reversed the effects of coinfused endothelin, sug- 
gesting that at the doses used, endothelin can overcome 
- the effects of released endothelin-derived relaxing factors 
-and the direct actions of exogenous nitrates. Similarly, 
-the dihydropyridine calcium antagonist nicardipine in- 
- completely reversed the response to endothelin, suggest- 
_ ing that the action of endothelin may be partially depen- 
-dent on L-type calcium channels. 
_. Endothelin is reported to have close structural similar- 
ities to snake venom S6b sarafotoxins, which may inca- 
: pacitate prey species by inducing severe coronary con- 
_ striction and eventual cardiac arrest.!? As it has also been 
-demonstrated that thrombin and adrenaline increase the 
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FIGURE 3. Regional myocardial blood flow measured using __ 
15-m radiolabeled microspheres in 3 dogs. Flows (mean + 
standard error) are shown for the epicardial 


marked reduction of flow was observed in both the epicardial. 
and endocardial layers of the region perfused by the LAD | : 


mRNA coding for the precursors of endothelin,® we spec- 
ulate that endothelin may be involved in local processes 
predisposing to the onset of coronary constriction and _ 
myocardial ischemia. 
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portant. With each beat blood leaves the heart to 
superhighway of the vascular system—the aor- 


and from there multiple arteries carry the blood to- 


e various organs and tissues and through them the 
erythrocytes march single file though the capillaries. 
_ From them the organs and tissues are supplied with oxy- 
-gen and the blood returns via the venules, small veins and 
_ finally vena cava to the heart once again. Each day most 
_ physicians leave their homes in their automobiles, and 

‘obably most who are in large cities enter a highway 
from which they exit to the smaller roads winding 
_ through cities and they eventually return home each eve- 
_ ning. As the organs and tissues of our bodies are depen- 
_ dent on our heart’s pumping blood to them, our practices 
-are dependent on our automobiles’ transporting us to our 
offices and hospitals. Medicine in America is automobile 
dependent just as our organs and tissues are heart depen- 
_ dent. But, just as our hearts are killing us from clogged 
_ Coronary arteries, our automobiles are killing us by clog- 
_ ging our roads and destroying our environment. 
_. Andrew Kimbrell, an environmental-law attorney 
with the Foundation on Economic Trends and policy 
_ director of the Greenhouse Crisis Foundation, has provid- 
“ed some facts: 
1. The death and injury consequences of automobiles 
are enormous. The more than 2.5 million Americans who 
__ have died violent deaths on our highways represent more 
_ than 4 times the 641,691 Americans killed in World War 
-L World War II, and the Korean and Vietnam wars 
combined. The 1.8 million Americans who sustained dis- 
abling injuries in traffic accidents during 1987 alone rep- 
Tesent over a half-million more injuries than the number 
¿sustained by Americans in all twentieth century wars. In 
the USA the automobile killed its first million by 1952, its 
_ second million by 1975, and its third million is likely by 
_ 1994. Additionally, some 90 million Americans have sus- 
tained disabling injuries in automobile accidents. In 
1988, 46,644 people were killed in traffic accidents in the 
USA, an increase of 13,000 from 1987. 
_ Automobile accidents are not limited to the USA. In 
urope close to 60,000 people are killed each year in car 
idents and 2 million are injured. In some Third World 
countries the fatality/mile-travelled rates are 20 times 
higher than those of industrialized nations. An estimated 

50,000 people are killed each year worldwide in automo- 
_ bile accidents with another 10 million suffering disabling 
_ injuries. These estimates, moreover, may be too low be- 
_ cause fatalities occurring several days after accidents or 
_ off-road are not included in motor-vehicle death reports 
_ in most countries. 

_ Human beings are not the only animals killed by 
automobiles. It is estimated that 1 million nonhuman 

mals are killed each day on US roads. Only the meat 

dustry kills more animals everyday in the USA than do 
motorized vehicles. - 7 


USA all adults have | heart and nearly all have 
r. Sometimes I wonder which one is the more. 


2. The environmental conse- 


quences of the automobile are 
enormous. In the USA, transpor- 


tation sources are responsible for 
69% of lead, 70% of carbon mon- 
oxide, 45% of nitrous oxides; and | 
35% of hydrocarbons released into | 
the air. These emissions cause tens | 
of thousands of deaths a year by 
contributing to lung cancer and to 
various noncancerous respiratory 
disorders. These gases also harm _ 
terrestrial and aquatic ecosystems. Car emissions result 


in $2.0 to 4.5 billion losses each year in our wheat, corn, 


soybean and peanut crops. Cars, trucks and buses also are _ 
the largest single contributor to the buildup of carbon 
dioxide, a major component of the global-warming 
threat. Each vehicle emits an average of 5 tons of carbon 
dioxide into the atmosphere each year—a total of about 
600 million tons a year for US cars alone. : 
Automobiles also contribute to the destruction of the 
ozone layer. While ozone at the ground level—created 
primarily by car pollution—can kill us, ozone in the upper 
atmosphere provides a vital shield that prevents hazard- 


ous ultraviolent radiation from reaching the earth. In- 


creasingly, release of chlorofluorocarbons is destroying 
that layer of protecting ozone. The largest single source in 
the USA of chiorofluorocarbons is automobile air condi- 
tioners, and there are about 95 million auto air condition- 
ers in use in the USA. The installation of each one re- 
leases about 2.5 pounds of chlorofluorocarbons, annual 
recharges add another pound, and these chlorofluorocar- 
bons remain in the atmosphere for >100 years. E 

3. Too many automobiles. In 1950, only 50 million — 
automobiles were in operation on the planet and 75% 
were in the USA. Today, 400 million automobiles are in 


operation worldwide, 35% of them in the USA. Including 


commercial vehicles, the worldwide number of motor 
vehicles is about 500 million. Each year 38 million new `. 
automobiles are produced worldwide, and the number is 
expected to rise to 60 million by the year 2000. From 
1900 to 1984 US factories produced 846,198,000 cars, 
trucks and buses and now >650,000,000 lie in landfills. In 
the USA we have 135 million privately owned cars and 
trucks: | car in 36% of households, 2 cars in 35%, and 20% ~ 
of households have 3 or more cars. 

4. Car time is excessive, wasteful and energy deplet- 
ing. American drivers put in the equivalent of 10, forty- 
hour weeks behind the wheel each year while driving a 
total of 1.25 trillion miles. Men average 11 hours a week, 
and women 9 hours a week in total travel time. More than 
80% of Americans commute to work in automobiles, and 
most cars have only the driver as passenger. Travel hours 
per week in the auto increase with income and education. =- 


The private car is the overwhelming transportation of 
choice of Americans. About 80% of all trips are made by __ 


cars, 13% by air, and 7% by all other forms of transporta- 
















































use, especially in the post-World War II period, has taken 

place at the expense of public transport. In 1950, the 

~ nation’s transit system provided more than 17 billion 
rides, by 1987 it was down to 8 billion, a number about 

equal to the riders in 1900. 

5, Automobile transportation is the most expensive 

form of transportation. In addition to the enormous costs 
of the automobiles themselves, the federal, state and local 
` governments annually spend $300 billion to subsidize 
automobile use in the form of road building and mainte- 

‘nance, municipal services, tax losses from land lost to 

highways, and health care services. It has been estimated 
_ that each passenger car is subsidized at about $2,400, not 
-including the untold environmental costs. Additionally, 
the average household spends about 1 of every 5 dollars 
earned to support “automobility”—not counting parking, 
and 1 of every 6 Americans are employed in an auto- 
related industry. The Federal Highway Act of 1956 has 
cost the USA tens of billions of dollars, and now much of 

< the 3,600,000 miles of road in the USA is in need of 
repair. Although the USA continues to be the largest oil- 

-producing nation, 1989 was the first year where our im- 

ports of oil exceeded our own production. Oil imports are 

the largest contributor to our import bill, and the major 
reason why our imports exceed our exports. 

: Thus, just as we must decrease our intake of fat and 
cholesterol to prevent our arteries from becoming ob- 
structed, we must decrease both the number and size and 

„energy source of our automobiles to prevent our planet 

-and its inhabitants from being suffocated. Driving gaso- 

‘line-powered automobiles has become an addiction po- 

-~ tentially much more dangerous than our addiction to fat 

and cholesterol (or to any illicit drug). 

-< =- What can we do? There are no ready solutions, of 

course, but we must begin: 





1. We must driv We i 
offices and hospitals. Ideally, we need ou: 
to hospitals, so that we park our cars only once during the 
day. Putting more passengers in a car is difficult for — 
physicians, less so for others. We need higher fuel costs. _ 
The average cost for a gallon of gasoline in the USA is _ 
only about $1.25. If the government subsidies to the auto- _ 
mobile were passed along in gas prices, as happens in- 
many non-USA countries, the cost of a gallon of gasoli 
would be $4.50. This cost excludes costs of environmen 
cleanup and research. If we paid more for gasoline man: 
of us would drive less. es 

2. We must drive more fuel-efficient automobil 
Our low oil prices also discourage the production and u: 
of more fuel-efficient automobiles. European prototypes- 
of fuel-efficient vehicles are getting >80 miles/gallon on ` 
highways. A ee 

3. We need to improve our mass-transit systems both _ 
in and out of core urban areas and between suburban 
areas. Monies for these systems need massive expansion. _ 

4. We must work toward the elimination of the gaso- 
line-powered automobile. Solar-powered cars and elec- _ 
tric cars run on renewable fuels need top priority re- 
search. 

5. We must greatly reduce or eliminate the use of car. 
air conditioners. wae 

Cardiac disease is a major problem in the world, but in _ 
comparison to many others it is hardly in the top 10. __ 
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‘This drug product has been conditionally approved by 
the FDA for the prevention and treatment of angina 
pectoris due to coronary artery disease. The conditional 
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omarketed while further investigation of its effectiveness 
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CONTRAINDICATIONS 

Intolerance of organic nitrate drugs, marked anemia, 

increased intraocular pressure or increased intracranial 
. pressure. 


WARNINGS 

in patients with acute myocardial infarction or congestive 
heart failure, Transderm-Nitro system should be used under 
careful clinical and/or hemodynamic monitoring 

in terminating treatment of anginal patients, both the dosage 
and frequency of application must be gradually reduced over a 
period of 4 to 6 weeks to prevent sudden withdrawal 
reactions, which are characteristic of all vasodilators in the 
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attempting defibrillation or cardioversion because of the 
potential for altered electrical conductivity which may enhance 
the possibility of arcing, a phenomenon associated with the 
use of defibrillators. 
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Transient headaches are the most common side effect, 
especially when higher doses of the drug are used. These 
headaches should be treated with mild analgesics while 
Transderm-Nitro therapy is continued. When such headaches 
are unresponsive to treatment, the nitroglycerin dosage 
should be reduced or use of the product discontinued. 




































increased heart rate, faintness, flushing, dizziness, nausea 
and vomiting. These symptoms are attributable to the known 
pharmacologic effects of nitroglycerin, but may be symptoms 
of overdosage. When they persist the dose should be reduced 
or use of the product discontinued. in some patients. 
dermatitis may occur. 


DOSAGE AND ADMINISTRATION 
Ei should be initiated with application of one Transderm- 
Nitro 5 mg/24 hr system to the desired area of skin. Many 
patients prefer the chest; if hair is likely to interfere with 
m adhesion or removal, it can be clipped prior to 
placement of the system. Each system is designed to remain 
in place for 24 hours, and each successive application shouid 
be to a different skin area. Transderm-Nitro system should not 
be applied to the dista! parts of the extremities. 
The usual dosage is one Transderm-Nitro 5 mg/24 hr system. 
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indicated by continued careful monitoring of clinical response. 
The Transderm-Nitro 2.5 mg/24 hr system is useful principally 
for decreasing the dosage gradually, though it may provide 
adequate therapy for some patients when used alone. 
The optimal dosage should be selected based upon the clinical 
response, side effects, and the effects of therapy upon blood 
Pressure. The greatest attainable decrease in resting blood 
pressure that is not associated with clinical symptoms of 
hypotension especially during orthostasis indicates the 
optimal dosage. To decrease adverse reactions, the size 
and/or number of systems should be tailored to the individual 

atient's needs. 
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: taken in the preparation of this index. 


Lopid? (Gemfibrozi! Capsules and Tabiets) 


Before prescribing, please see full prescribing information. 
A Briet Summary follows. 


CLINICAL PHARMACOLOGY. Lopid (gemfibrozil capsules and tablets} is a lipid regulating 
agent which decreases serum triglycerides and very low density lipoprotein (VLDL) choles- 
terol. and increases high density lipoprotein (HDL) cholesterol. While modest decreases in 
total and low density lipoprotein (LDL) cholesterol may be observed with Lopid therapy. 
treatment of patients with elevated triglycerides due to Type IV hyperlipoproteinemia often 
resuits in a rise in LDL-cholesterol. LOL-cholesterol levels in Type lib patients with elevations 
of both serum LDL-cholesterol and triglycerides are. in general, minimally affected by Lopid 
treatment; however, Lopid usually raises HDL-cholesterol significantly in this group. Lopid 
increases levels of high density lipoprotein (HDL) subfractions HDL, and HDL. as weil as 
apolipoproteins Al and All. Epidemiological studies have shown that both low HDL-choles- 
„terol and high LDL-cholesterol are independent risk factors for coronary heart disease 

in the Helsinki Heart Study, a large. randomized, double-blind, placebo-controlied 
primary prevention tnal in 4081 male patients between the ages of 40 and 55. Lopid therapy 
was associated with significant reductions in total plasma trgiycerides and a significant 
increase in high density lipoprotein cholesterol. Moderate reductions in total plasma choles- 
terol and low density lipoprotein cholesterol were observed for the Lopid treatment group as 
a whole, but the lipid response was heterogeneous, especially among different Fredrickson 
Types. The study involved subjects with serum non-HDL-cholesterol of over 200 mg/dl and 
no previous history of coronary heart disease. Over the five-year study period. the Lopid 
group experienced a 34% reduction in serous coronary events (sudden cardiac deaths 
plus fatal and nonfatal myocardial infarctions) compared to placebo. There was a 37% 
reduction in nonfatal myocardial infarction. The greatest reduction in the incidence of serious 
coronary events occurred in Type Ilb patients who had elevations of both LDL-cholesterol 
and total plasma triglycerides. This subgroup of Type lib gemfibrozil group patients had a 
lower mean HDL-cholesterol level at baseline than the Type tla subgroup that had elevations 
of LDL-cholesterol and normal plasma triglycerides. The mean increase in HDL-cholesterol 
among the Type {Ib patients in this study was 12.6% compared to placebo. It's not clear to 
what extent the findings of the Helsinki Heart Study can be extrapolated to other segments of 
the dyslipidemic population not studied or to other lipid-altering drugs 

The mechanism of action has not been definitively established. in man. Lopid has been 
shown to inhibit peripheral lipolysis and to decrease the hepatic extraction of tree fatty acids, 
thus reducing hepatic triglyceride production. Lopid inhibits synthesis and increases clear- 
ance of VLDL carrer apohpoprotein B, leading to a decrease in VLDL production 

Animal studies suggest that Lopid may. in addition to elevating HDL-cholesterol, reduce 
incorporation of long-chain fatty acids into newly formed triglycerides, accelerate turnover 
and removal of cholesterol trom the liver, and increase excretion of cholesterol in the feces 

Lopid is well absorbed trom the gastrointestinal tract after oral administration Peak 
plasma levels occur in one to two hours with a plasma half-life of 1.5 hours following multple 
doses. Plasma levels appear proportional to dose and do not demonstrate accumulation 
across time following multiple doses 

Lopid mainly undergoes oxidation of a nng methy! group to successively form a hydroxy- 
methyl and a carboxy! metabolite. Approximately seventy percent of the administered 
human dose is excreted in the unne, mostly as the glucuronide conjugate, with less than 2% 
excreted as unchanged gemfibrozil. Six percent of the dose is accounted for in the feces. 
CONTRAINDICATIONS. 1 Hepatic or severe renal dysfunction. including pnmary bilary 
cirrhosis 

2. Preexisting gallbladder disease (See WARNINGS) 

3. Hypersensitivity to gemfibrozd 
WARNINGS. t Because of chemical, pharmacological. and chinical similares between 
gemhbrozil and clofibrate, the adverse findings with clofibrate in two large clinical studies 
may also apply to gemfibrozil. in the first of those studies. the Coronary Drug Project. 1000 
subjects with previous myocardial infarction were treated for five years with clofibrate. There 
was no difference in mortality between the clofibrate-treated subjects and 3000 placebo- 
treated subjects. bul twice as many clofibrate-treated subjects developed cholelithiasis and 
cho-ecystitis requiring surgery. In the other study. conducted by the World Health Organi- 
zation (WHO), 5000 subjects without known coronary heart disease were treated with 
clofibrate for five years and followed one year beyond. There was a statistically significant. 
290%. higher total mortality in the clofibrate-treated than in a comparable placebo-treated 
contro! group. The excess mortality was due to a 33% increase in noncardiovascular causes, 
including malignancy, post-choiecystectomy complications, and pancreatitis The higher risk 
of clofibrate-treated subjects for gallbladder disease was confirmed. 

During the Helsinki Heart Study and in the 1’ year follow-up period since the tnal was 
completed, mortality from any cause was 59 (2.9%) in the Lopid group and 55 (2.7%) inthe 
placebo group. Mortality from any cause during the double-blind portion of the study was 44 
deaths in the Lopid group and 43 in the placebo group Because of the more limited size of 
the Helsinki Heart Study, this results not statistically-significantly different from the 29% 
excess mortality seen in the clofibrate group in the separate WHO study. Noncoronary heart 
disease related mortality showed a 58% greater trend in the Lopid group (43 vs 27 patients 
ini the placebo group, p=0.056) 

In the Helsinki Heart Study. the incidence of total malignancies discovered dunng the tral 
andin the 112 years since the tral was completed was 39 in the Lopid group and 29 in the 
placebo group (difference not statistically significant). This includes 5 basal ceil carcinomas 
in tre Lopid group and none in the placebo group (p= 0.06: historical data predicted an 
expected 4.7 cases in the placebo group). Gl malignancies and deaths from malignancies 
were not statistically different between Lopid and placebo subgroups. Follow-up of the 
Helsinki Heart Study participants will provide further information on cause-specific mortality 
and cancer morbidity. 

2 Agalistone prevalence substudy of 450 Helsink: Heart Study participants showed a 
trend toward a greater prevalence of gallstones during the study within the Lopid treatment 
group (7.5% vs 4.9% for the placebo group. a 55% excess for the gemfibrozil group). A trend 
toward a greater incidence of gallbladder surgery was observed for the Lopid group (17 vs 
11 subjects, a 54% excess). This result did not differ statistically from the increased nc- 
dence of cholecystectomy observed in the WHO study in the group treated with clofibrate 
Both clofibrate and gemfibrozil may increase cholesterol excretion into the bile leading to 
cholelithiasis. If cholelithiasis is suspected. gallbladder studies are indicated. Lopid therapy 
shouid be discontinued if galistones are found 

3 Since a reduction of mortahty from coronary artery disease has not been demonstrated 
and because liver and interstitial cell testicular tumors were increased in rats, Lopid should 
be administered only to those patients described in the INDICATIONS AND USAGE section 
If a significant serum lipid response 1s not obtained. Lopid should be discontinued 

4 Concomitant Anticoagulants - Caution should be exercised when anticoagulants are 
given in conjunction with Lopid. The dosage of the anticoagulant should be reduced to 
maintain the prothrombin time at the desired level to prevent bleeding complications 
Frequent prothrombin determinations are advisable unt t has been definitely determined 
tha: the prothrombin level has stabilized. 

5, Concomitant therapy with Lopid and Mevacor” (lovastatin) has been associated with 
rhabdomyolysis, markedly elevated creatine kinase (CK) levels and myogiobinuna leading 
in a high proportion of cases to acute renal failure. In most subjects who have had an 
unsatisfactory lipid response to either drug alone. the possible benefit of combined therapy 
with iovastatin and gemfibrozil does not outweigh the risks of severe myopathy. rhabdomyo 
lysis, and acute renal failure (See Drug Interactions). The use of frbrates alone. including 
Lopid. may occasionally be associated with myositis Patents receiving Lopid and compiain 
ing of muscle pain, tenderness, or weakness should have prompt medical evaluation for 
myositis, including serum creatine kinase level determination. If myositis 's suspected or 
diagnosed. Lopid therapy should be withdrawn 

€ Cataracts — Subcapsular bilateral cataracts occurred in 10%. and unilateral in 6.3% of 
male rats treated with gemfibrozil at 10 times the human dose. 

PRECAUTIONS. 1. initial Therapy — Laboratory studies should be done to ascertain that 
the lipid levels are consistently abnormal. Before instituting Lopid therapy. every attempt 
should be made to contro! serum kpids with appropriate diet. exercise, weight loss :n obese 
patents. and control of any medical problems such as diabetes mellitus and hypothyroidism 
that are caninbuting to the lipid abnormalities 

2. Continued Therapy — Periodic determination of serum kpids should be obtained. and 








Lopid (Gemfibrozi! Capsules and Tablets) 


the drug withdrawn if lipid response is inadequate after 3 months of therapy 

3. Drug interactions — (A) Lovastatin: Rrabdomyolysis has occurred with combined 
gemfibrozii and lovastatin therapy. It may be seen as early as 3 weeks alter initiation of 
combined therapy or after several months. In most subjects who have had an unsatisfactory 
lipid response to either drug alone, the possible benefit of combined therapy with lovastatin 
and gemfibrozil does not outweigh the risks of severe myopathy. rhabdomyolysis. and acute 
renal fadure. There :s no assurance that periodic monitoring of creatine kinase will prevent 
the occurrence of severe myopathy and kidney damage. 

(B) Anticoagulants: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGULANTS 
ARE GIVEN IN CONJUNCTION WITH LOPID. THE DOSAGE OF THE ANTICOAGULANT 
SHOULD BE REDUCED TO MAINTAIN THE PROTHROMBIN TIME AT THE DESIRED 
LEVEL TO PREVENT BLEEDING COMPLICATIONS. FREQUENT PROTHROMBIN DETER- 
MINATIONS ARE ADVISABLE UNTIL IT HAS BEEN DEFINITELY DETERMINED THAT THE 
PROTHROMBIN LEVEL HAS STABILIZED. 

4 Carcinogenesis, Mutagenesis, Impairment of Fertility — Long-term studies have 
been conducted in rats and mice at one and ten times the human dose. The incidence of 
benign liver nodules and liver carcinomas was significantly increased in high dose male rats 
The incidence of liver carcinomas increased also in low dose males, but this increase was not 
statistically significant (p=0.1). In high dose female rats. there was a significant increase in 
the combined incidence of benign, and malignant liver neoplasms. In male and female mice, 
there were no statistically significant differences from controls in the incidence of liver tumors, 
but the doses tested were lower than those shown to be carcinogenic with other fibrates. 

Male rats had a dose-related and statistically significant increase of benign Leydig cell 
tumors at 1 and 10 times the human dose 

Electron microscopy studies have demonstrated a florid hepatic peroxisome proliferation 
following Lopid administration to the male rat. An adequate study to test for peroxisome 
proliferation has not been done in humans but changes in peroxisome morphology have 
been observed. Peroxisome proliferation has been shown to accur in humans with either of 
two other drugs of the fibrate class when liver biopsies were Compared before and after 
treatment in the same individual 

Administration of approximately three or ten times the human dose to male rats for 10 weeks 
resulted in a dose-related decrease of fertility. Subsequent studies demonstrated that this 
effect was reversed after a drug-free period of about eight weeks, and it was not transmitted 
to the offspring 

5, Pregnancy Category B — Reproduction studies have been performed in the rat at 
doses 3 and 9 times the human dose. and in the rabbit at 2 and 6.7 times the human dose. 
These studies have revealed no evidence of impaired fertility in females or harm to the fetus 
due to Lopid Minor fetotoxicity was manifested by reduced birth rates observed at the high 
dose levels. No significant malformations were found among almost 400 offspring from 36 
litters of rats and 100 fetuses fram 22 litters of rabbits. 

There are no studies in pregnant women. In view of the fact that Lopid is tumorigenic in 
male and female rats, the use of Lopid in pregnancy shouid be reserved for those patients 
where the benefit clearly outweighs the possible rsk to the patient or fetus 

6 Nursing Mothers — Because of the potential tor tumorigenicity shown tor gemfibrozil in 
rats. a decision shouid be made whether to discontinue nursing or discontinue the drug, 
taking into account the importance of the drug to the mother. 

7. Hematologic Changes — Mild hemoglobin. hematocrit and white blood cell decreases 
have been observed in occasional patients following initiation of Lopid therapy. However, 
these ievels stabilize duning long-term administration. Rarely. severe anemia. leukopenia, 
thrombocytopenia, and bone marrow hypoplasia have been reported Therefore, periodic 
blood counts are recommended during the first 12 months of Lopid administration 

8 Liver Function — Abnormal liver function tests have been observed occasionally during 
Lopid administration. including elevations.of AST (SGOT), ALT (SGPT). LDH. bilirubin, and 
alkaline phosphatase. These are usually reversibie when Lopid is discontinued. Therefore 
periodic hver function studies are recommended and Lopid therapy shouid be terminated if 
abnormalities persist 

9. Use in Chitdren — Safety and efficacy in children have not been established 
ADVERSE REACTIONS. in the double-blind controlled phase of the Helsink: Heart Study. 
2046 patents received Lopid for up to 5 years. In that study, the following adverse reactions 
were statistically more frequent in subjects in the Lopid group (placebo incidence in paren- 
theses). gastrointestinal reactions. 34 2% (23.8%): dyspepsia, 19.6% (11.9%). abdominal 
pain, 9.8% (56%): acute appendicitis, 1.2% (0.6%); atrial fibrifation. 0.7% (0 1%). 

Adverse events reported by more than 1% of subjects, but without a significant difference 
between groups (placebo incidence in parentheses) were. diarrhea, 7 2% (6.5%): fatigue. 
3.8% (3.5%): nausea/vormuting, 2.5% (2.1%); eczema. 1.9% (1.2%); rash, 1.7% (1.3%); 
vertigo, 1.5% (1.3%): constipation, 1.4% (1.3%); headache. 1 2% (1.1%) 

Gallbladder surgery was performed in 09% of Lopid and 0.5% of placebo subjects, a 64% 
excess. which is not Statistically different from the excess of gallbladder surgery observed in 
the clofibrate compared to the placebo group of the WHO study. 

Nervous system and special senses adverse reactions were more common in the Lopid 
group. These included hypesthesia. paresthesias, and taste perversion Other adverse 
reactions that were more common among Lopid treatment group subjects but where a 
causal relationship was not established include cataracts. penpheral vascular disease, and 
intracerebral hemorrhage. 

From other studies it seems probable that Lopid is causally related to the occurrence of 
musculoskeletal symptoms (See WARNINGS). and to abnormal liver function tests and 
hematologic changes (See PRECAUTIONS) 

Reports of viral and bacterial infections (common cold, cough, unnary tract infections) were 
more common in gemfibrozil treated patients in other controlied clinical trials of 805 patients. 
Additional adverse reactions that have been reported for gemfibrozil are listed below by 

system These are categorized according to whether a causal relationship to treatment with 
Lopid is probable or not established 

CAUSAL RELATIONSHIP PROBABLE: Gastrointestinal. cholestatic jaundice, Central Ner- 
vous System: dizziness, somnolence, paresthesia. peripheral neuritis. decreased libido, 
depression. headache: Eye: blurred vision: Genitourinary. impotence; Musculoskeletal. 
myopathy, myasthenia, myaigia. painful extremites, arthralgia, synovitis, rhabdomyolysis 
(see WARNINGS and Drug Interactions under PRECAUTIONS); Clinica! Laboratory 
increased creatine phosphokinase. increased bilirubin, increased liver transaminases (AST 
{SGOT}. ALT [SGPT)). increased alkaline phosphatase; Hematopoietic, anemia, teukopenia, 
bone marrow hypoplasia. eosinophilia: Immunologic: angioedema. laryngeal edema, 
urhicana: Integumentary. exfoliative dermatitis, rash. dermatitis, pruntus 

CAUSAL RELATIONSHIP NOT ESTABLISHED: General; weight loss: Cardiac: extrasystoles, 
Gastrointestinal: pancreatitis, hepatoma, colitis, Centra! Nervous System: confusion, convul- 
sions. syncope: Eye. retinal edema: Genitourinary: decreased male fertility: Clinical Labora- 
tory positive antinuclear antibody, Hematopoietic: thrombocytopenia, immunologic. 
anaphylaxis, Lupus-like syndrome. vasculitis; Integumentary: alopecia 

DOSAGE AND ADMINISTRATION, The recommended dose for adults ıs 1200 mg adminis- 
tered in two divided doses 30 minutes before the morning and evening meal 
MANAGEMENT OF OVERDOSE. While there has been no reported case of overdosage, 
symptomatic supportive measures should be taken should it occur 


References: 1 Frick MH. Elo O. Haapa K. etal: Helsink: Heart Study. Prirnary prevention 
inal with gemfibrozil in middie-aged men with dysipidemia. N Eng! J Med 1987,317.1237-1245 
2 Manninen V. Elo O. Fick MH. et al: Lipid alterations and decline in the incidence of 
coronary heart disease in the Helsink: Heart Study. JAMA 1988, 260/641-6541 

3. Nikkila EA: Familial lipoprotein hpase deficiency and related disorders of chylomicron 
metabolism. In Stanbury J. B. et al. (eds.). The Metabolic Basis of inherited Disease, Sth ed.. 
McGraw-Hill, 1983, Chap. 30. pp. 622-642. 
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